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NOTE. 

The  considerable  bulk  of  the  volume  of  Transactions  has  induced  the  Publi- 
cation Committee  to  direct  the  insertion  of  a  summary  of  the  Society  member- 
ship in  place  of  the  complete  list  of  members  which  was  published  in  the  earlier 
volumes.  The  summary  attaching  to  this  issue  is  that  which  appears  in  the 
catalogue  of  the  Society  issued  with  corrections  to  July  1st,  1903.  Reference  for 
the  complete  list  should  be  made  to  the  twenty-fourth  catalogue  (second  edition). 

The  summary  is  as  follows  : 


Africa 

Australia 

Belgium 

Canada 

Central  America 

China 

Cuba 

France 

Germany 

Great  Britain  (England). 
Great  Britain  (Scotland). 


Foreign  Countries. 
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4 

8 
..       30 

1 

2 

2 

7 

7 
..       48 
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Holland 

India    

Jamaica, W.  I. . 

Japan   

Mexico 

Norway    

Russia 

South  America. 

Sweden 

Switzerland. .. . 


Membership. 
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Total  foreign  membership  159 


United  Statcs. 


Membership. 

6 

1 

2 

.       29 

23 


Alabama 

Alaska 

Arkansas 

California 

Colorado 

Connecticut 103 

Delaware 15 

District  of  Columbia 30 

Georgia    9 

Hawaii 1 

Illinois 156 

Indiana 30 

Iowa 5 

Kansas 3 

Kentucky 3 

Louisiana 10 

Maine   13 

Maryland 33 

Massachusetts 285 

Michigan 61 

Minnesota 12 

Missouri 37 

Montana 11 


Membership. 

Nebraska 2 

New  Hampshire 15 

New  Jersey 127 

New  Mexico 1 

New  Yorit 736 

North  Carolina 6 

North  Dakota 1 

Ohio 172 

Oklahoma 1 

Oregon 4 

Pennsylvania 364 

Porto  Rico 1 

Rhode  Island 49 

South  Carolina 

Tennessee  . .    

Texas 

Utah 

Vermont 


Washin^rton 

Went  Virginia 

Wisconsin 

Wyoming 

Total  membership  in  the  United  States 2,411 
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VI  TERRITORIAL   LIST. 

Total  foreign  membersliip 159 

Total  membership  in  United  States 2,411 

Present  address  unknown  * ". 8 

Total  membership 2,573 

SUMMARY   OF  MEMBERSHIP  BY  GRADES. 

Honorary  members 18 

Members 1,750 

Apsociate  members 202 

Junior  members 603 

Total  membership 2,573 

♦  These  are  J.  M.  Ewen.  C.  R.  Johnston  and  J.  W.  Snyder,  and  if  any  member  knows  their 
present  addresses,  he  will  confer  a  favor  by  advising  the  Secretary  of  them. 
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RULES   OF   THE   AMERICAN   SOCIETY  OP 
MECHANICAL   ENGINEERS, 


Aht,  1,  The  objects  of  tho  Amkrtoak  Socitstt  of  Mecfianioal 
Engineers  are  to  promote  the  Arts  and  Sciences  connecfced  witli 
Engineering  and  Mechanical  Construction,  by  means  of  meetings 
for  social  intercourse  and  the  reading  and  discussion  of  profes- 
sional papers,  and  to  circuhite,  by  means  of  publication  among 
its  memberi^,  the  information  thus  obtaiocd. 

Aet,  2,  All  |)ersons  connected  with  engineering  may  he  eli- 
gible for  ndmission  into  the  Society. 

Art*  3.  Tlie  Society  shall  consist  of  Honorary  Members, 
Members,  Associates,  and  Juniors. 

Art,  4-  Ilonorary  Members,  not  exceeding  twenty-fi^e  in 
numljer,  may  be  elected.  They  must  bo  persons  of  acknowledged 
professional  eminence. 

A  Err,  5*  Tq  be  eligible  as  a  Member,  the  candidate  must  lie 
not  less  than  thirty  years  of  age^  and  must  have  been  so  con- 
neoted  with  engineering  as  to  be  competent  as  a  designer  or  as  a 
constructor^  or  to  take  responsible  charge  of  work  in  his  depart- 
ment, or  he  must  have  served  as  a  teacher  of  engineering  for 
more  than  five  years, 

HoT«,^Tfee  Eniea  of  the  Society,  adopted  in  1880 »  wem  in  force  until  18&4» 

birhen  %hej  received  ge^er&l  revisiou  bj  a  careful  eamiDittee^  wUofid  import,  dis- 

|tribated  bj  letter  baUot*  was  adopted  November  5.  1884.     In  December,  1894, 

ftlmUar  extensive  revimon  wan  made  noder  dif^?ellon  of  the  Council,  and  tb© 

Ipresent  rules  are  Iboee  of  1394.     They  include  tbe  ameDdmeiils  m&de  \ii  \^!^t 

t8dl,  1898,  and  1B98,  which  were  the  oajf  change  einne  the  le^natou  ^i  \^S^. 


Viil  RULES  OF  THB 

Art.  6.  To  be  eligible  as  an  Associate  the  candidate  must  be 
not  less  than  twenty-six  years  of  age,  and  must  have  the  other 
qualifications  of  a  member ;  or  he  shall  have  been  so  connected 
with  engineering  as  to  be  competent  to  take  charge  of  work,  and 
to  codperate  with  engineers. 

Abt.  7.  To  be  eligible  as  a  Junior,  the  candidate  must  have 
had  such  engineering  experience  as  will  enable  him  to  fill  a 
responsible  position,  or  he  must  be  a  graduate  of  an  engineering 
school. 

Art.  8.  All  Honorary  Members,  Members,  and  Associates 
shall  be  equally  entitled  to  the  privileges  of  membership.  Jun- 
iors shall  not  be  entitled  to  vote,  nor  to  be  officers  of  the 
Society. 

Art.  9.  Nominees  for  Honorary  Membership  must  be  pro- 
posed by  at  least  five  Members  who  are  not  officers  of  the 
Society.  References  shall  not  be  required  of  a  nominee  for 
Honorary  Membership,  but  the  grounds  upon  which  the  appli- 
cation is  made  must  be  fully  set  forth  in  writing  and  signed  by 
the  proposers. 

Art.  10.  A  candidate  for  admission  to  the  Society,  as  a 
Member  or  as  an  Associate,  must  make  an  application  on  a  form 
to  be  prepared  by  the  Council,  which  shall  contain  a  written 
statement  giving  a  complete  account  of  his  engineering  experience 
and  an  agreement  that  he  will,  if  elected,  conform  to  the  laws, 
rules,  and  requirements  of  the  Society.  He  must  refer  to  at 
least  five  Members  or  Associates  to  whom  he  is  personally 
known.  A  candidate  for  admission  to  the  Society  as  a  Junior 
must  make  an  application  on  the  same  form,  and  refer  to  not 
less  than  three  Members  or  Associates  to  whom  he  is  personally 
known. 

Applications  for  membership  from  engineers  who  are  not 
resident  in  the  United  States  and  Canada,  and  who  may  be  so 
situated  as  not  to  be  personally  known  to  five  Members  of  the 
Society,  as  required  in  the  foregoing  paragraph,  may  be  recom- 
mended for  ballot  by  five  Members  of  the  Council,  after  sufficient 
evidence  has  been  secured  which  shall  show  that  in  their  opinion 
the  applicant  is  worthy  of  admission  to  the  grade  which  he 
seeks. 

Art.  11.  The  referees  for  each  candidate  for  admission  to  the 
Society  shall  be  requested  to  make  a  confidential  communication 
on  a  form  to  be  prepared  by  the  Council,  setting  forth  in  detail 
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such  information,  personally  known  by  the  referee,  as  shall  en- 
able the  Council  to  arrive  at  a  proper  estimate  of  the  eligibility 
of  the  candidate  for  admiasion  to  the  Society,  Such  confidential 
communications  shall  be  destroyed  by  the  Secretary  as  soon  as 
the  vote  has  been  officially  declared. 

Art.  12,  All  applications  for  niemberskip  must  be  presented 
to  the  Council,  and  this  body  shall  consider  each  application, 
assigning  to  each,  with  the  applicant's  consent,  the  grade  in 
the  Society  to  which,  in  its  opinioUj  his  qualifications  entitle  him. 
The  names  of  those  candidates  recommended  for  election  by  the 
Society  shall  be  immediately  printed  on  a  ballot,  and  the  ballot 
mailed  at  once  by  the  Secretary  to  each  voting  member  of  the 
Society-  Persons  desiring  to  change  their  grade  of  membership 
from  junior  to  associate  or  from  associate  to  member  shall  make 
an  application  in  the  same  manner  and  on  the  same  form  as  that 
required  for  a  new  applicant 

Art.  13,  a  member  entitled  to  vote  may  leave  the  name  of 
any  candidate  on  the  ballot  untouched  to  vote  in  favor  of  the 
admission  of  the  candidate  to  the  Society,  or  be  may  erase  the 
name  to  vote  against  it.  He  shall  enclose  the  ballot  so  approved 
by  him  in  a  scale*!  blank  envelope,  and  enclose  this  envelope  in  a 
second  envelope,  on  wliich  lie  shall  write  his  name,  and  mail  the 
same  to  the  Secretary  of  the  Society,  A  ballot  without  such 
^endorsement  shall  be  rejected  as  defective.  The  rejection  of  a 
mdidate  by  seven  voters  shall  defeat  his  election. 

Abt.  14-  The  aforesaid  envelopes  containing  the  ballots  shall 
be  openetl  by  the  Council,  at  any  meeting  thereof,  and  the  names 
of  those  elected  shall  be  announced  in  the  next  meeting  of  the 
Society.  The  names  of  applicants  not  elected  shall  not  be  an- 
nounced, nor  recordetl  in  the  proceedings. 

Airr.  15.  Endorsers  of  any  applicant  not  elected  may,  within 
three  months  after  such  failure  to  be  elected,  lay  before  the 
Council  written  evidence  that  an  error  was  then  made.  The 
Council  may  then,  by  a  three- fourths  vote,  order  another  similar 
ballot  by  the  Society,  in  which  case  thirteen  negative  votea  shall 
be  required  to  defeat  the  candidate. 

Aet.  16,  Honorary  members  shall  be  elected  by  the  unanimous 
vote  of  the  Councilj  through  a  letter  ballot,  not  less  than  sixty 
days  subsequent  to  the  proposal,  a  notice  of  which  proposed  eiec- 
tion  shall  have  been  mailed  at  once  by  the  Secretary  to  each 
member  of  the  Council. 


X  RULES  OF  THE 

Art.  17.  Each  person  elected,  excepting  honorary  members, 
must  subscribe  to  the  Rules  of  the  Society,  and  pay  the  initiation 
fee  before  he  can  receive  a  certificate  entitling  him  to  the  rights 
and  privileges  of  the  Society,  and  to  wear  the  emblem  appropriate 
to  his  grade.  If  this  payment  is  not  made  within  six  months  of 
the  election,  the  same  shall  be  void,  unless  the  time  is  extended  by 
the  Council.  The  emblems  of  each  grade  of  membership  shall  be 
worn  by  those  only  who  belong  to  that  grade. 

Art.  18.  The  initiation  fee  of  a  member  or  an  associate  shall 
be  twenty-five  dollars,  and  the  annual  dues  shall  be  fifteen  dol- 
lars, payable  in  advance.  The  initiation  fee  of  a  junior  shall  be 
fifteen  dollars,  and  his  annual  dues  ten  dollars,  payable  in  ad- 
vance. A  junior  being  promoted  to  any  other  grade  of  member- 
ship shall  pay  an  additional  initiation  fee  of  ten  dollars.  Any 
member  or  associate  may  become  a  Life  Member  in  the  same 
grade,  by  the  payment  of  two  hundred  dollars  at  one  time,  and 
shall  not  be  liable  thereafter  to  annual  dues. 

The  Council  shall  have  the  power,  for  special  reasons,  by  unani- 
mous vote,  through  a  letter  ballot,  to  admit  to  life  membership, 
without  the  payment  of  the  sum  above  named,  such  person  as  for 
a  long  term  of  years  has  been  a  member  or  an  associate,  when 
such  a  procedure  would  in  its  judgment  be  for  the  best  interests 
of  the  Society ;  provided^  that  notice  of  such  action  shall  have 
been  given  at  a  previous  meeting  of  the  Council 

Art.  19.  Any  member  of  the  Society  in  arrears  may,  at  the 
discretion  of  the  Council,  be  deprived  of  the  publications  of  the 
Society,  or,  when  in  arrears  for  one  year,  he  may  be  stricken  from 
the  list  of  members.  Such  person  may  be  restored  to  the  privi- 
leges of  membership  by  the  Council  on  payment  of  all  arrears. 

Art.  20.  The  affairs  of  the  Society  shall  be  managed  by  a  Coun- 
cil, consisting  of  a  President,  six  Vice-Presidents,  nine  Managers, 
and  a  Treasurer,  who  shall  also  be  the  Trustees  of  the  Society. 

All  past  (ex)  Presidents  of  the  Society,  while  they  retain  their 
membership  therein,  shall  be  known  as  Honorary  Councillors,  and 
shall  be  entitled  to  receive  notices  of  all  meetings  of  the  Council 
and  may  take  part  in  any  of  its  deliberations ;  they  shall  be  en- 
titled to  vote  upon  all  questions  except  such  as  affect  the  legal 
rights  or  obligations  of  the  Society  or  its  members. 

Art.  21.  The  members  of  the  Council  shall  be  elected  from 
among  the  members  and  associates  of  the  Society  at  the  annual 
meetings,  and  shall  hold  office  as  follows : 
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The  Pi'esident  and  the  Tmasurer  for  one  year  ;  and  no  persoa 
shall  be  eligibie  for  immediate  i^e-electioa  as  President  who  shall 
have  held  Uiat  office  for  two  consecutive  years ;  the  Yice-Presi- 
dents  for  two  years,  and  the  Managers  for  three  years ;  and  no 
Vice-President  or  Manager  shall  be  ehgiblefor  immeiliate  re-elec- 
tion to  the  same  office  iit  the  expiration  of  the  term  for  which  he 
was  elected. 

xIrt*  2%  A  Secretary,  who  shall  be  a  member  of  the  Society, 
shall  be  appointed  for  one  year  by  a  majority  of  the  members  of 
the  Council  at  its  first  meeting  after  the  annual  election^  or  as 
soon  thereafter  iis  the  votes  of  a  majority  of  the  members  of  the 
Council  can  be  secured  for  a  candidate.  The  Secretary  may  be 
removed  by  a  vote  of  twelve  members  of  the  Council,  at  any 
time  after  one  month's  notice  has  been  given  him  by  a  majority 
of  its  members  to  show  cause  why  he  should  not  he  removetl, 
and  he  lias  been  heard  to  that  effect.  The  Secretary  may  take 
part  ia  any  of  the  deliberations  of  the  Council,  but  shall  not 
have  a  vote  therein.  1 1  is*  salary  isijull  be  fixed  for  the  time  he 
is  appointed  by  a  majority  vote  of  the  Council. 

Akt.  23>  At  each  annual  meeting,  a  President^  three  Yice- 
Presidents,  three  Managers,  and  a  Treasurer  shall  be  eleotetl^ 
and  the  term  of  office  of  each  shall  continue  until  the  end  of 
the  meeting  at  which  their  successors  are  elected. 

Aet,  24.  The  duties  of  all  officers  shall  be  such  lis  U3ually 
pertain  to  their  offices  or  may  be  delegated  to  them  by  the 
Council  or  by  the  Society,  TJie  Council  may,  in  its  discretion, 
require  bonds  to  be  given  by  the  Treasurer. 

Abt.  25*  The  Council  may,  by  vote  of  a  majority  of  aU  its 
members,  decUire  tlie  place  of  any  officer  vacant^  on  his  faiture 
for  one  year,  from  inability  or  otherwise,  to  attend  the  Council 
meetings,  or  to  perform  the  duties  of  his  office.  All  such  va- 
canci^  and  those  occurring  by  death  or  resignation  shall  be 
filled  by  the  appointment  of  the  Council,  and  any  person  so 
appointed  shall  hold  office  for  the  remainder  of  the  term  for 
which  his  predecessor  was  elected  or  appointed ;  promd^dj  that 
the  said  appointment  shall  not  render  him  ineligible  at  the  nest 
annual  meeting, 

AjtT.  36.  Five  members  of  the  Council  shall  constitute  a  quo- 
rum.  Members  of  the  Council  absent  from  a  taeeting  may  vote  by 
letter  upon  subjects  stated  in  the  call  for  the  meeting,  said  vote 
to  be  deposited  with  the  Secretaryp 
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AsT.  27.  The  President  on  assuming  office  shall  appoint  a 
Finance  Committee  and  a  Publication  Committee  and  a  Library 
Committee  of  five  members  each.  The  appointment  of  two 
members  of  each  Committee  shall  expire  at  the  end  of  each 
year.  The  Secretary  shall,  ex  ojicio,  be  a  member  of  all  three 
committees. 

Art.  28.  The  Finance  Committee  shall  have  power  to  order  all 
ordinary  or  current  expenditures,  and  shall  audit  all  biUs  therefor. 
No  bill  shall  be  paid  except  upon  their  audit.  "When  special  ap- 
propriations are  ordered  by  the  Society,  they  shall  not  take  effect 
until  they  have  been  referred  to  the  Council  and  Finance  Com- 
mittee in  conference. 

'  Art.  29.  It  shall  be  the  duty  of  the  Publication  Committee  to 
receive  all  papers  contributed,  and  to  decide  upon  which  papers 
or  parts  of  the  same  shall  be  presented  at  the  professional  meet- 
ings of  the  Society.  They  shall  see  that  all  editorial  revisions  of 
the  proceedings,  papers,  discussions,  and  reports  are  made ;  and 
to  decide  what  parts  of  the  same  shall  be  published  in  the  pro- 
ceedings of  the  Society.  The  Council  may,  at  its  discretion, 
revise  any  action  of  the  Publication  Committee. 

Art.  30.  It  shall  be  the  duty  of  the  Library  Committee  to  take 
charge  of  the  collection  of  all  material  for  the  Library  of  the 
Society,  and  to  supervise  all  regulations  for  its  use. 

Art.  31.  At  the  regular  meeting  preceding  the  annual  meet- 
ing a  Nominating  Committee  of  five  members,  not  officers  of  the 
Society,  shall  be  appointed,  and  this  committee  shall,  at  least 
thirty  days  before  the  annual  meeting,  send  to  the  Secretary  the 
names  of  nominees  for  the  offices  falling  vacant  under  the  rules. 
In  addition  to  such  jegularly  appointed  committee,  any  other  five 
members  or  associates,  not  in  arrears,  may  constitute  an  inde- 
pendent Nominating  Committee,  and  may  present  to  the  Secre- 
tary, at  least  thirty  days  before  the  annual  meeting,  all  the  names 
of  such  candidates  as  they  may  select.  All  the  names  of  such 
independent  nominees  shall  be  placed  upon  the  ballot  list,  with 
nothing  to  distinguish  them  from  the  nominees  of  the  regular 
committee,  and  the  Secretary  shall  at  once  mail  the  said  list  of 
names  to  each  member  and  associate  in  the  form  of  a  letter  baUot^ 
it  being  understood  that  the  assent  of  the  nominees  shall  have 
been  secured  in  all  cases. 

Art.  32,  In  the  election  of  Vice-Presidents,  each  member  and 
associate  may  cast  as  many  votes  as  there  are  Yioe-Presidents 
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to  be  elected*  He  may  gire  all  these  votes  to  one  candidate,  or 
distribute  them  among  more,  as  he  chooses.  Managers  shall  be 
voted  for  in  the  same  way* 

Art.  S3.  Any  member  or  associate  entitled  to  Tote  may  vote 
by  retaining  or  changing  the  names  on  said  list,  leaving  names 
not  exceeding  in  number  the  officers  to  be  elected,  and  returning 
the  list  to  the  Secretary — such  ballot  enclosed  in  two  envelopes, 
the  inner  one  to  be  blank  and  the  outer  one  to  be  endorsed  by 
the  voter.  No  member  or  associate  in  arrears  since  the  last 
annual  meeting  shall  be  allowed  to  vote  until  said  arrears  shall 
have  been  paid. 

Akt.  34.  The  s^iid  blank  envelopes  shall  be  openetl  by  tellers 
at  the  annual  meeting,  and  the  person  who  shall  have  received 
the  greatest  number  of  votes  for  the  several  offices  shall  be  de- 
dared  elected. 

MEKTTNOS, 

Abt.  36.  The  annual  meeting  of  the  Society  shall  be  held  on 
the  first  Tues*lay  in  December  of  each  year,  in  the  City  of  Kew 
York,  unless  otherwise  ordered,  at  which  a  report  of  proceedings 
and  an  abstract  of  the  accounts  shall  be  furnished  by  the  Coun- 
cil. The  Council  may  change  the  place  of  the  annual  meetings 
and  shall,  in  that  case,  give  timely  notice  to  members  and  asso- 
ciates. 

AwT,  36.  Other  regular  meetings  of  the  Society  shall  be  held 
in  each  year  at  such  time  and  place  as  the  Council  may  appoint. 
At  least  thirty  days'  notice  of  all  meetings  shall  be  mailed  by  the 
Secretary  to  members,  honorary  members,  associates,  and  Juniors* 

Akt.  37,  Special  meeting  may  be  called  whenever  the  Council 
may  see  fit;  and  the  Secretary  shall  call  a  special  meeting  at  the 
written  request  of  twenty  or  more  members.  The  notices  for 
special  meetings  shall  state  the  business  to  be  transacted j  and  no 
other  shall  be  entertained. 

Art.  38,  Any  member,  honorary  member,  or  associate,  may  in< 
troduce  a  stranger  to  any  meeting;  but  the  latter  shall  not  take 
part  in  the  proceedings  without  the  consent  of  the  meeting* 

Art,  39,  Every  question  which  shall  come  before  the  Society 
shall  he  decided,  unless  otherwise  provided  by  these  rulesj  by  the 
votes  of  a  majority  of  the  members  and  associates  present,  pro- 
vided there  is  a  quorum. 
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AsT.  40.  At  any  regular  meeting  of  the  Society  thirteen  or 
more  members  and  associates  shall  constitute  a  quorum. 

Akt.  41.  Unless  otherwise  ordered,  papers  shall  be  read  in  the 
order  in  which  their  text  is  received  by  the  Secretary.  Before 
any  paper  appears  in  the  Transdotions  of  the  Society,  a  copy  of 
the  paper  shall  be  sent  to  the  author,  and,  so  far  as  possible,  a 
copy  of  the  reported  discussion  shall  be  sent  to  every  member 
who  took  part  in  the  same,  with  requests  that  attention  shall  be 
called  to  any  errors  therein. 

Art.  42.  The  Society  shall  claim  no  exclusive  copyright  in 
papers  read  at  its  meetings,  nor  in  reports  of  discussions,  except 
in  the  matter  of  official  publication  with  the  Society's  imprint,  as 
its  Transactions.  The  Secretary  shall  have  sole  possession  of 
papers  between  the  time  of  their  acceptance  by  the  Publication 
Committee  and  their  reading,  together  with  the  drawings  illus- 
trating the  same ;  and  at  the  time  of  such  reading,  or  as  soon 
thereafter  as  practicable,  he  shall  cause  to  be  printed,  with  the 
authors'  consent,  copies  of  such  papers,  "  subject  to  revision,"  with 
such  illustrations  as  are  needed  for  the  Transactions^  for  distribu- 
tion to  the  members  and  for  the  use  of  technical  newspapers, 
American  and  foreign,  which  may  desire  to  reprint  them  in  whole 
or  in  part.  The  policy  of  the  Society  in  this  matter  shall  be  to 
give  papers  read  before  it  the  widest  circulation  possible,  with  the 
view  of  making  the  work  of  the  Society  known,  encouraging 
mechanical  progress,  and  extending  the  professional  reputation 
of  its  members. 

Art.  43.  The  author  of  each  paper  read  before  the  Society 
shall  be  entitled  to  twelve  copies,  if  printed,  for  his  own  use,  and 
all  members  shall  have  the  right  to  order  any  number  of  reprints 
of  papers  at  a  cost  to  cover  paper  and  printing ;  provided^  that 
said  copies  are  not  intended  for  sale. 

Art.  44.  The  Society  is  not,  as  a  body,  responsible  for  the  state- 
ments of  fact  or  opinion  advanced  in  papers  or  discussions,  at  its 
meetings ;  and  it  is  understood  that  papers  and  discussions  should 
not  include  matters  relating  to  politics  or  purely  to  trade. 

Art.  45.  These  rules  may  be  amended,  at  any  annual  meeting, 
by  a  two-thirds  vote  of  the  members  present;  jEwewwfoe/,  that  writ- 
ten notice  of  the  proposed  amendment  shall  have  been  given  at  a 
previous  meeting. 
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The  twenty-third  annual  meeting  of  the  Society  was  held  in 
the  City  of  Xew  York,  during  the  first  week  of  December,  1902. 
The  Society  was  unfortunate  for  tliis  meeting,  by  reason  of  the 
absence  from  his  post  of  President  Edwin  Keynolds,  who  had 
been  debarred  from  active  duty  in  the  early  autumn  by  ill 
health.  The  Chair  was  taken  during  the  sessions  by  the  senior 
Vice-President,  Arthur  M.  Waitt,  who  presided  at  all  sessions. 

The  increasing  growth  of  the  Society  and  the  interest  which 
was  expected  to  attach  to  certain  discussions  at  the  meeting,  in- 
duced the  Council  to  arrange  to  hold  only  the  opening  session 
on  Tuesday  ev^ening,  and  the  closing  session  on  Friday  morning, 
in  the  cozy  auditorium  of  the  Society  House  at  12  West  Thirty- 
first  Street.  The  sessions  on  Wednesday  and  Thursday  were 
held  in  the  banquet  hall  of  the  Sturtevant  House  on  Broadway 
and  Twenty-ninth  Street.  The  luncheons  served  to  their  guests 
by  the  New  York  members  on  Wednesday  and  Thursday  were 
also  served  in  a  room  adjoining  the  room  in  which  the  sessions 
were  held.  The  numbers  in  attendance  proved  that  the  decision 
of  the  Council  had  been  eminently  wise. 

The  opening  session  was  called  to  order  at  8.30  p.  m.  in  the 
Society  House,  by  Vice-President  Waitt,  who  called  on  the  Sec- 
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retary  to  read  the  letter  from  President  Eeynolds.  Tfie  Chair 
then  asked  the  prefei^ence  of  the  meeting  in  the  matter  of  enforc- 
ing with  some  insistence  the  rules  concerning  the  presentation 
of  papers  by  abstract  and  a  curtailment  of  the  oral  debate 
within  the  limit  of  five  minutes.  It  was  on  motion  decided  that 
these  rules  should  be  adhered  to  during  the  meeting. 

The  Chair  appointed,  under  the  provisions  of  Article  34  of  the 
Rules,  a  committee  to  count  the  letter  ballots  which  had  been 
cast  for  officers,  and  to  report  at  the  session  on  Wednesday 
morning.  Messrs.  Wm.  T.  Bonner  and  Paul  M.  Chamberlain 
were  made  such  a  committee  of  tellers.  lie  then  called  upon 
Prof.  Sidney  A.  Eeeve  for  the  presentation  of  his  paper  on  ''  A 
Rational  Solution  of  the  Problem  of  Weights  and  Measures." 
Messrs.  Suplee,  Lewis,  Ilalsey,  McGill,  J.  I).  Riggs  and  G.  W. 
CoUes,  contributed  discussion. 

The  Secretary  made  announcement  concerning  the  details  of 
the  meeting;  the  presiding  officer  spoke  of  the  social  opportunity 
in  the  collation  room  below  the  meeting  hall,  and  the  session 
then  adjourned  until  the  following  morning. 

Second  Session.     Wednesday  Mokning,  December  3rd. 

The  meeting  called  to  order  by  A^ice-President  Arthur  M. 
Waitt,  at  10.30,  in  the  banquet  hall  of  the  Sturtevant  House. 
The  registration  of  the  members  in  attendance  was  slightly 
modified  at  this  meeting,  by  the  use  of  separate  sheets  with  car- 
bon impression,  so  that  the  printed  list  from  the  register  might 
be  circulated  more  promptly  by  saving  the  time  necessary  hith- 
erto to  copy  them  from  the  pages  of  the  official  registration 
book.  The  same  care  was  taken  as  at  a  previous  meeting,  to 
keep  the  names  of  members  and  guests  distinct  from  each  other. 
The  large  number  registered  preclude  a  full  reproduction  of  its 
pages,  but  there  were  474  members  and  225  guests  included  in 
the  total  of  702. 

The  first  business  of  this  session  was  the  presentation  of  the 
Report  of  the  Council  as  recjuired  by  the  Rules.  This  report  had 
been  prei)ared  some  weeks  in  advance  of  the  meeting,  and  had 
been  printed  and  distributed  to  the  members.  It  was  therefore 
presented  at  this  meeting,  by  title,  the  Secretary  adding  a  con- 
cluding paragraph  to  the  printed  (*o]n",  to  include  transactions  of 
the  Council  since  the  report  was  printed,  which  will  be  found  in 
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their  proper  place  at  the  end  of  the  regular  report  as  distributed 
to  the  raembei'ship. 

The  Chair  put  the  motion  on  the  Report  of  the  Council  and 
stated  that  the  Council,  through  the  Secretary,  were  prepared  to 
answer  the  questions  which  any  member  might  like  to  ask  on 
the  subjects  covered  in  the  report.  No  such  questions  being 
asked  the  report  was  on  motion,  received,  and  ordered  on  file. 
The  report  is  as  follows: 

ANNUAL  REPORT  OP  THE   COUNCIL. 

The  Council,  under  the  provision  of  the  Rules,  presents  to  the 
Society,  convened  for  its  twenty-third  annual  meeting,  the  report 
of  business  which  has  been  considered  during  the  year,  and  of 
action  which  has  been  taken. 

It  has  been  an  occasion  of  keen  regret  that  the  Society  has  been 
compelled  to  forego  the  services  of  its  President,  Mr.  Edwin 
Reynolds,  during  the  latter  part  of  the  year,  by  reason  of  his 
continued  ill-health.  The  President  was  present  at  the  first  three 
meetings  of  the  Council,  but  was  unable  to  attend  the  convention 
in  Boston  and  to  preside  at  the  meetings  of  the  Council  and 
Society.  He  also  advised  the  Council  that  he  would  be  unable  to 
attend  meetings  in  the  fall  and  winter  during  his  term  of  office, 
and  asked  that  provision  be  made  for  his  place  to  be  supplied  by 
one  of  the  Vice-Presidents.  Mr.  James  M:  Dodge  has  supplied 
his  place  both  at  the  spring  meeting  and  at  the  meetings  of  the 
Council  previous  to  the  annual  meeting. 

The  routine  business  of  the  Council  in  any  year  is  made  up  in 
part  of  considering  requests  for  the  gratuitous  distribution  of  its 
'rransactions  to  libraries  and  the  consideration  of  candidates  mak- 
ing application  for  membership.  During  the  current  Society  year 
the  Council  has  acted  favorably  upon  applications  for  membership, 
divided  among  the  grades  as  follows: 

Spring  Annual  m_.,,,  . 

Met-ting.  Meeting.  ^"^"• 

Members   68  68  116 

Associates  17  10  27 

Juniors 4y  34  83 

Total 124  102  226 

By  reason  of  the  agitation  in  the  fall  of  11)01  for  an  increase 
in  the  sum  to  be  paid  as  computation  of  dues  for  life,  in  the  form 
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of  Lifr?  Membr;n(hji^y  thfrre  were  eighteen  such  membersliips 
creaU'd  laKt  year,  brining  an  aggregate  of  $3,600  to  the  Society 
from  thjH  Hource. 

The  Council  ha^i  ako  had  the  pleasure  of  acknowledging  the 
rer;ei[it  of  gifts  from  niffrnbers  during  the  year,  and  would  make 
particular  reference  to  the  receipt  of  a  model  of  the  rifle  made 
by  American  took  in  Kimljerley,  South  Africa,  during  the  early 
part  of  the  Koer  War,  and  which  was  designated  as  "  The  Long 
(jecil/*  I'lic  Council  has  transmitted  the  usual  vote  of  thanks  to 
thoflc  who  have  favored  the  Society  in  this  way. 

In  the  summer  of  1901  a  proposition  appeared  in  one  of  the 
daily  papers  of  Xew  York  City,  urging  on  those  interested  that 
the  bust  of  the  late  Alexander  L.  HoUey,  now  standing  on  a  pedes- 
tal in  the  westerly  part  of  Washington  Park,  had  ceased  to  occupy 
the  position  of  honor  to  which  Mr.  HoUey's  memory  and  achieve- 
ments were  entitled.  It  will  be  remembered  that  Mr.  Holley  was 
a  Vice-Pn;sidcnt  of  the  Society  in  its  early  formation,  and  was 
honored  by  being  created  "  Founder  of  the  Society  "  at  the  time 
of  his  death,  in  18S2.  The  bust  had  been  erected  by  joint  action 
of  thcj  engineering  societies  and  personal  friends  of  Mr.  Holley, 
who  had  subscribed  for  a  fund  for  tliis  purpose,  and  it  was  trans- 
ferrt^d  to  the  city  of  Xew  York,  with  appropriate  ceremonies,  in 
November,  1890.  While  the  location  in  the  Washington  Park 
was  at  that  time  recognized  as  not  the  best,  it  was  the  only  one 
available^,  but  the  changes  in  the  city  during  the  period  have  made 
the  location  less  and  Icps  suitable  as  the  years  went  on. 

Th(5  Coun(Ml  took  tlio  question  up  by  appointing  a  committee 
of  its  menilMTs,  who  had  confc^rences  with  the  other  organizations 
interested  in  the  original  gift  of  the  bust,  and,  after  obtaining  the 
coneurrene<»  of  all  concerned,  the  proposition  to  give  the  bust  a 
more  suitabh^  and  distinguished  location  was  presented  to  the 
Conuuissioner  of  Parks.  By  reason  of  difficulties  with  respect  to 
the  legal  aspects  of  a  transfer  of  property  which  has  been  deeded 
to  th<*  eity,  \\\i'  (\)ninuttee  up  to  the  present  time  has  only  a  report 
of  progress  to  make. 

The  Couneil  has  b<^en  requested  to  approve  a  proposition  to 
appoint  two  ni(»nibers  of  the  Society  to  act  as  a  joint  committee 
with  delegates  from  the  American  Institute  of  Architects  to  plan 
and  arrange  for  tests  upon  Steel  I-Beams  of  Large  Size.  The 
HMpiest  was  made  bv  the  State  Arehiteet,  and  after  conference  with 
the  .\meriean  Institute  of  Architects,  the  Council  directed  that 
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Messrs.  H.  de  B.  Parsons  and  Palmer  C.  Ricketts  should  be  the 
representatives  of  this  Society  upon  such  a  joint  committee. 

The  Council  has  tendered  the  use  of  its  auditorium  and  other 
public  rooms  to  the  New  England  Cotton  Manufacturers*  Associa- 
tion on  the  occasion  of  their  Seventy-third  Meeting,  in  New  York 
City,  September  30th  to  October  2d. 

The  Council  has  also,  on  the  recommendation  of  its  Executive 
Committee,  authorized  the  issue  of  the  following  circular,  pur- 
suant to  the  action  which  it  took  in  May,  1896,  on  the  occasion 
of  the  previous  agitation  concerning  a  legislation  which  should 
make  the  use  of  the  Metric  System  compulsory.  The  circular  was 
as  follows: 

AGAINST   COMPULSORY   USE   OF   THE   METRIC   SYSTEM. 

The  Executive  Committee  op  tub  Council  has  directed  that  the  fol- 
lowing CIRCULAR  AND  REPORT  SHOULD  BE  ISSUED  TO  THE  MEMBERSHIP. 

PHiLADELPnrA,  U.  S.  A.,  February  19,  1902. 
To  the  Council  of  the  American  Society  of  Mjchanical  Engineers,  New  York  City: 

Gentlemen:  The  Committee  of  your  Society  to  whom  has  been  referred  the 
consideration  of  the  metric  system  in  comparison  with  the  system  in  use  in 
the  United  States,  at  a  meeting  held  in  Philadelphia  to-day  at  which  were 
present  the  subscribers  in  person  or  by  letter,  begs  to  report  as  follows: 

An  attempt  is  being  made  through  the  Committee  on  Coinage,  Weights, 
and  Measures  of  the  Fifty-seventh  Congress  in  reference  to  H.  R.  Bill  No.  2,054 
supplemented  by  II.  R.  Bill  No.  123,  compelling  the  adoption  of  the  (French) 
metric  system  of  weights  and  measures  in  all  departments  of  the  Government 
in  all  its  workshops  and  in  all  matters  connected  with  construction  or  com- 
mercial operations  other  than  those  relating  to  public  lands  and  surveying. 
In  this  bill  on  lines  9,  10,  and  11  it  will  be  seen  that  after  fixing  a  date  for 
its  compulsory  use,  it  states  that  the  metric  (French)  system  of  weights  and 
measures  shall  be  the  legal  standard  of  weights  and  measures  recognized  in  the 
United  States.  The  word  "  the  "  on  the  tenth  line  must  be  considered  as  mean- 
ing the  ofi/y  legal  standard,  for  the  reason  that  the  French  metric  system  of 
weights  and  measures  is  now  and  has  been  for  many  years  legalized  by  Act 
of  Congress,  and  is  as  free  to  be  used  and  as  legal  in  the  use  as  are  the  pounds 
and  tons  or  yard,  feet  and  inches  heretofore  and  at  present  commonly  used  in 
this  country.  If  this  bill  is  passed  it  will  make  what  we  are  now  using  to 
such  good  advantage  illegal.  The  attention  of  the  members  of  this  Society  is 
therefore  called  to  the  proposed  legislation,  and  it  is  earnestly  urged  by  the 
Committee  that  all  members  should  address  their  respective  representatives 
in  Congress  protesting  against  the  passage  of  H.  R.  Bills  No.  2,054  and  No. 
123,  expressing  in  the  strongest  terms  their  opposition  to  a  measure  involving 
changes  that  will  inconvenience  and  hinder  trade  and  manufacturing,  and  re- 
quirinc^  an  expenditure  of  liiiu'  and  nH;npy  that  cannot  bo  pxprossod  in  fifrnrps 
sweeping  away  as  it  docs  the  advantages  accruing  from  the  numerous  estab- 
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lished  standards   now  recognized   and   universally   adopted   throughout   the 
country. 

Respectfully  submitted, 

Coleman  Sellehs, 
COLEMA.N  Sellers,  Jr., 
Geo.  M.  Bond, 
J.  E.  Sweet, 
Charles  T.  Porteb. 

The  Council  also  approved  the  recommendations  of  its  Executive 
Committee  that  the  Employers^  Bulletin  should  be  issued  at  in- 
tervals until  further  notice.  Attention  is  directed  to  the  Report 
of  the  Executive  Committee  with  respect  to  the  service  which  the 
issue  of  these  bulletins  has  rendered. 

The  most  important  subject  which  the  Council  has  had  under 
consideration  during  the  current  year  has  been  the  outcome  of 
its  careful  investigation  into  the  financial  questions  affecting  the 
Society  at  this  time.  The  Council  reported  in  circular  form  to 
the  membership  in  May  of  the  current  year  the  results  of  its  dis- 
cussion of  this  question,  and  repeats  for  record  in  its  Transactions 
the  report  of  their  deliberations  at  that  time  on  matters  of  per- 
manent policy. 

The  resolutions  in  this  group  are  as  follows: 

1.  Resolved,  that  the  fiscal  year  of  the  Society  run  from  October,  Ist  in  each 
year  to  the  succeeding  September  30th. 

2.  Resolved,  that  the  Council  approve  tne  recommendation  that  the  accounts 
of  the  Library  Association  be  incorporated  into  the  books  of  the  Society,  and 
that  in  the  accounting  the  two  organizations  be  treated  as  one,  without  in 
any  way  invading  the  right  of  control  of  the  Library  Association  as  to  its  work 
or  its  income,  by  its  Trustees,  and  without  invading  in  any  way  the  lights  of 
any  persons  who  are  subscribers  to  its  support. 

3.  Resolved,  that  the  Treasurer  be  authorized  under  the  direction  and  with 
the  approval  of  the  Finance  Committee  to  borrow  such  sums  as  may  be  re- 
quired in  the  current  year  for  the  proper  conduct  of  its  financial  affairs,  and 
that  the  Treasurer  have  authority  to  sign  the  name  of  the  Society  to  such  notes 
as  may  be  required  under  this  procedure. 

4.  Resolved,  that  the  action  of  the  Finance  Committee  be  approved  and  con- 
firmed, whereby  under  the  direction  of  the  Executive  Committee  the  Treasurer 
was  directed  to  effect  the  necessary  loans  from  the  East  River  National  Bank. 

6.  Resolved,  that  the  Council  approve  the  following  appraisal  values  of  the 
real  estate,  library,  and  stock  ot  Transacitons,  and  direct  that  these  values  be 
entered  upon  the  books  of  the  Society  as  of  the  date  September  30,  1901: 

Real   estate $85,000 

Library 10,000 

Transactions  15,021 

Furniture  1,300 
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6.  Resolved,  that  the  recommendations  of  the  Finance  Committee  be  ap- 
proved, creating  a  special  account,  to  be  known  as  "  Library  Account,*'  to 
which  on  September  30th  of  each  year  shall  be  posted  an  amount  equal  to 
1  per  cent,  of  the  gross  receipts  from  membership  dues  accruing  during  the 
fiscal  year  then  end  ng. 

7.  Resolved,  that  the  whole  of  the  receipts  from  initiation  fees  and  life  mem- 
berships shall  be  credited  as  received  to  a  "  Keserve  Fund,"  that  at  the  close 
of  each  fiscal  year  10  per  cent,  of  the  total  amount  to  the  credit  of  this  reserve 
fund  shall  be  transferred  to  "Annual  Income  Account,"  and  as  such  shall  be 
applied  to  current  expenses;  that  the  balance  of  said  fund  shall  be  held  or 
invested  as  a  "  sinking  fund,"  to  be  applied  to  the  liquidation  of  the  indebted- 
ness of  the  Society  and  of  the  Library  Asociation,  in  such  amounts  and  at  such 
times  as  the  Council  may  direct. 

8.  Resolved,  that  the  Council  approve  the  action  of  the  Executive  Committee 
whereby  economy  of  management  and  administration  have  been  secured  with 
respect  to  the  curtailing  for  the  present  ot  the  general  distribution  to  all  mem- 
bers of  advance  papers  before  the  meeting;  the  discontinuance  of  gratuitous 
distribution  of  revised  papers  with  discussion  after  the  meetings;  the  dimin- 
ished use  of  the  return  postal  cards,  and  the  issue  of  only  two  lists  of  mem- 
bers during  the  year,  one  of  which  shall  be  the  alphabetical  list,  without  geo- 
graphical distribution,  and  the  other  the  smaller  "  vest-pocket  size  "  containing 
the  list  of  members  arranged  geographically. 

9.  Resolved,  that  a  committee  be  appointed  by  the  President  to  consider  a 
general  revision  of  the  rules  of  the  Society  as  proposed  by  the  Finance  Com- 
mittee, in  the  following  resolution  of  that  body : 

"  Resolved,  that  the  Finance  Committee  recommend  that  a  committee  be  ap- 
pointed to  make  a  general  revision  of  the  rules  of  the  Society,  especially  with 
respect  to  the  status  and  duties  of  the  Finance  Committee,  and  further,  to  con- 
sider such  amendments  or  changes  in  the  rules  as  may  be  or  have  been  pro- 
posed by  members  of  the  Society 

"The  Finance  Committee  further  recommends  that  the  special  committee  to 
be  appointed  under  this  resolution  be  instructed  to  formulate  a  constitution 
which  shall  be  adopted  or  amended  only  by  vote  of  the  entire  membership; 
by-laws  to  be  adopted  or  amended  by  the  Council;  and  rules  to  be  made  or 
altered  by  standing  committees  of  the  Society,  with  the  approval  of  the  Council." 

The  Council  appointed  its  Executive  Committee  and  the  Finance 
Committee  of  the  Society  a  joint  committee  to  take  under  con- 
sideration the  preparation  of  a  system  of  accounting  which  should 
reduce  the  labor  in  the  office  of  the  Society,  on  the  one  hand,  and, 
on  the  other,  enable  the  Council  to  be  more  easily  informed  at  any 
time  of  the  exact  amount  of  income  and  expenditure  to  be  ex- 
pected in  any  fiscal  year  of  the  Society. 

Under  this  authority  the  Executive  Committee  secured  the 
services  of  the  firm  of  ^lessrs.  Sargent,  Page  and  Taylor,  public 
accountants,  who  investigated  the  accounts  of  the  Society  and 
proposed  improved  methods  in  detail.  The  accountants  found 
the  books  to  be  in  proper  order  and  correct,  but  made  suggestions 
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as  to  the  form  in  which  the  annual  report  should  be  presented, 
which  have  been  followed  in  the  report  from  the  Finance  Com- 
mittee, which  is  appended  to  this  report.  The  Council  has  directed 
that  until  further  notice  each  standing  committee  at  the  end  of 
the  year  shall  report  to  the  Council  the  work  which  has  been  done 
under  its  direction  during  the  preceding  year.  Such  reports  arc 
also  appended  to  the  reports  of  the  Council. 

In  comment  on  these  reports  of  its  Library  and  House  Com- 
mittee, Publication  Committee,  and  Executive  Committee,  the 
Council  would  ask  attention  of  the  members  to  the  facts  which  are 
presented  with  great  fulness  therein.  It  may  not  be  generally' 
appreciated  how  wide  the  scope  must  naturally  be  of  the  work 
intrusted  to  committees  in  an  organization  the  size  of  the  Mechan- 
ical Engineers,  and  it  is  believed  that  a  careful  reading  of  these 
reports  will  give  much  valuable  information. 

With  respect  to  the  report  of  the  Finance  Committee,  the 
Council  would  direct  attention  to  the  fact  that  it  contains  state- 
ments of  the  cash  receipts  and  disbursements.  It  presents,  second, 
statements  of  the  assets  and  liabilities  of  the  combined  organiza- 
tions of  the  American  Society  of  Mechanical  Engineers  and  of  the 
Library  Association;  it  contains,  also,  a  statement  of  income  and 
expenditure  of  the  Society  during  the  current  year.  From  these 
financial  statements  the  Council  has  drawn  off  the  following,  facts 
and  conclusions,  for  which  it  bespeaks  the  careful  consideration 
of  the  members: 

Items  educed  from  the  accounts  of  the  last  year  snounng  the  cost  per  member : 

(1)  Total  numoer  on  catalogue 2,424 

Deduct  life  members 106 

Deaths  and  resignations 10 

Lapsed  memberships 70 

Members  who  have  not  paid  current  year  at  September 

30,  1902 179—       385 

Paying  membership 2,059 

(2)  Total  receipts  exclusive  of  initiation  tees  ($4,485),  life  mem- 

berships ($3,600),  and  fellowship  fund  ($532) $34,797  49 

Received  per  paying  member   (computed) 16  90 

Received  per  member  for  dues  only  (computed) 13  58 

(3)  Total  expenses  of  year  October  1,  1901,  to  September  30,  1902, 

except    operating    house    ($824.43),    mortgage    interest 
($1,402.60),  and  repairs  and  renewals  (470.64) 34*756  53 

(4)  Total  expended  for  publications,  October  1,  1901,  to  September 

30,   1902 16,523  16 
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(5)  Total  expended  for  salaries  in  Society's  office,  same  period. . .      $9,440  00 

(6)  Total  expended  for  all  other  expenditures,  except  house 8,793  37 

(7)  Total  expended  for  house,  including  interest  on  mortgage  and 

repairs  and  renewals 2,697  57 

Expenditure  per  paying  member,  October  1,  1901,  to  September  30,  1902  : 

(8)  For  all  purposes  including  house $18  19 

(9)  For  house  operation  including  interest  and  repairs 131 

(10)  For  all  purposes  exclusive  of  house 16  88 

(11)  For  publications,  printer's  work,  engraving,  binding, 

and  distribution $8  02 

( 12)  For  salaries  in  Society's  office 4  58 

(13)  For  all  other  purposes  except  house 4  28 

$16  88 

(14)  For  house  operation  exclusive  of  mortgage  interest  and  re- 

pairs and  renewals 40 

(15)  For   house   operation    exclusive   ot   mortgage   interest,    but 

including  repairs 62 

( 16)  For  operating  the  library 63 

(17)  For  expenditure  for  postage,  circulars,  catalogues,  and  print- 

ing in  Society  office 2  18 

(18)  For  meetings  and  all  other  expenoitures  not  otherwise  al- 

lotted above 1  42 

In  further  comment  on  these  computations,  and  the  tabular 
statements  of  the  Finance  Committee,  the  Council  would  ask  the 
members  to  consider  the  following  points: 

1.  The  present  Life  Membership  fee  is  $200;  the  income  from 
this  sum  invested  in  any  safe  way  will  be  less  than  the  annual 
expense  per  member,  which  is  stated  above  to  be  over  $17.  It  is 
obvious,  therefore,  that  the  Life  Memberships  are  a  drain  on  the 
resources  of  the  Society  at  the  rate  at  which  the  present  member- 
ship are  receiving  return  for  their  dues.  It  is  obvious  that  the 
Life  Membership  fee  should  be  materially  increased. 

2.  The  present  large  proportion  of  Junior  members  as  com- 
pared to  the  entire  membership  causes  a  financial  drain,  because 
the  sum  actually  received  from  Juniors  ($10)  is  so  much  less  than 
the  corresponding  expenses  -incurred  on  their  behalf  by  the 
Society.  There  are  566  juniors  bringing  in  an  income  of  $5,660, 
as  against  $9,454  expense  incurred  on  their  account. 

3.  The  sum  ($3,600)  received  this  year  in  payment  for  Life 
Memberships  is  used  for  reducing  liabilities,  and  has  not  been  laid 
aside  as  an  investment  in  income-bearing  funds. 
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4.  The  entire  receipts  from  initiation  fees  of  new  members  are 
used  as  income  for  current  needs.  This  is  not  believed  to  be  a 
sound  permanent  financial  policy.  The  receipts  from  this  source 
will  not  continue  indefinitely,  and  are  liable  to  fall  off  with  any 
year  of  industrial  depression.  The  income  from  regular  sources 
should  be  enough  to  carry  on  the  Society,  leaving  the  whole  or  a 
large  part  of  the  initiation  fees  as  a  permanent  fund.  (See  Reso- 
lution 7,  p.  9.)  If  90  per  cent,  of  the  initiation  fees  had  been 
withdrawn  as  an  investment  fund  ($4,036)  as  directed  by  the 
Council,  there  would  have  been  a  deficiency  for  the  year  1901-02, 
instead  of  an  excess  of  income  as  reported  on  Sheet  B. 

5.  The  margin  of  difference  between  the  total  of  receipts  and 
the  total  of  expenditures  is  not  large  enough  to  permit  of  the 
Society's  incurring  any  additional  obligations.  There  have  been 
no  monthly  reunions  for  this  reason  this  year;  projects  for  extend- 
ing the  usefulness  of  the  library  to  members  have  been  blocked, 
and  there  is  no  reserve  fund  of  consequence  should  extra  expenses 
be  made  necessary  in  any  year. 

6.  The  average  annual  amount  reported  by  the  House  Com- 
mittee for  repairs,  maintenance,  furniture,  and  fixtures  has  been 
an  average  of  $1,200  per  annum;  the  sum  expended  this  year  for 
this  purpose  is  only  $824.  The  presumption,  therefore,  would 
be  that  in  some  subsequent  year  an  increased  expenditure  will 
have  to  be  made  to  meet  the  accumulated  deterioration. 

7.  The  account  makes  no  provision  for  the  setting  aside  of  any 
sum  to  diminish  the  mortgage  of  $33,000  still  remaining  on  the 
house.  A  part  of  the  debt  which  has  accimaulated  during 
the  last  two  years  is  due  to  the  effort  to  set  aside  a  sum  for  the 
reduction  of  the  mortgage  indebtedness  greater  than  the  income 
of  the  Society  during  those  years  would  altogether  justify.* 

*  It  may  be  serviceable  to  record  the  sources  from  which  the  equity  of  $52,000 
which  appears  in  sheet  C  has  been  secured.    It  results  from  the  following  trans- 
actions: 
Cancellation  Second  Mortgage  Bonds — 

By  Gifts  of  Bonds $2,000 

"  Sur^-ender  of  Bonds  for  Life  Membership 8^00 

"  Purchase  with  cash  from  regular  sources  in  ten  years 1^,300 

"  Purchase  with  special  Library  Funds 5,500 

Total  $32,000 

By  Increase  in  Valuation 20,000 

$52,000 
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8.  The  library  of  the  Society,  appraised  at  $10,000,  is  the  only 
free  public  library  on  mechanical  subjects  in  New  York  City. 
The  Committee  has  recommended  that  the  sum  of  $300  to  be 
expended  annually  for  additions  to  the  library.  The  expenses  for 
the  current  year  have  been  mainly  for  maintenance,  and  a  sum 
of  money  much  less  than  this  has  been  expended  for  growth. 

The  Council  would  call  attention  to  the  Appendices,  which 
reproduce  in  condensed  form  a  part  of  the  discussion  in  its  cir- 
cular of  May  10,  1902.  The  figures  have  been  revised  to  agree 
with  the  results  of  the  accounting  during  the  year. 

The  Council  would  report  for  record  the  following  deaths  in  the 
membership  during  the  year:  John  M.  liogle,  March  7, 1901;  J.  B. 
Henney,  November  2d;  Frederick  Stieltjes,  December  27th; 
Walter  V.  Fitch,  January  2,  1902;  Charles  P.  Deane,  January 
9th;  Hezekiah  Conant,  January  22d;  Francis  A.  Pratt,  February 
10th;  K.  G.  Ewer,  February  21st;  Jerome  Wheelock,  February 
26th;  Charles  H.  Nicoll,  February  27th;  Bryan  Donkin,  March 
4th;  W.  L.  Iloffecker,  March  18th;  Thomas  Forsaith,  April  5th; 
Henry  Morton,  May  9th;  W.  V.  Lidgerwood,  June  2d;  Robert  B. 
Reading,  June  16th;  J.  B.  Johnson,  June  23d;  John  H.  Hall, 
June  25th;  Joseph  Cavanagh,  July  1st;  Hiram  F.  Lord,  Septem- 
ber 15th;  John  S.  Klein,  July  16th;  George  W.  Weeks,  October 
7th;  William  D.  Caldwell,  October  10th. 

The  Council  has  directed  that  under  the  provisions  of  Article 
19  of  the  Rules  the  following  action  should  be  taken  with  respect 
to  delinquents: 

1.  That  any  member,  associate,  or  junior,  who  owes  for  the  current  year 
only,  shaU  be  carried  forward  on  the  books  and  his  name  retained  on  the 
Annual  Catalogue,  His  debt  to  the  Society  shall  be  considered  as  an  available 
asset. 

2.  That  on  September  30th  of  the  succeeding  year,  if  more  than  one  year's 
dues  remain  unpaid,  his  name  shall  be  transferred  to  the  "Suspended  List," 
taken  from  the  roll  of  the  published  catalogue,  and  his  account  transferred  to 
the  "  13ad  Debts  Account."  From  the  Suspended  List  he  may  be  restored  to 
membership  and  the  published  roll,  by  action  of  the  Council,  without  re!  lection 
or  general  vote  of  the  Society. 

3.  Names  which  have  remained  one  year  upon  the  Suspended  List  shall  be 
dropped  at  the  end  of  that  time  without  further  action  of  the  Council,  and  such 
persons  may  only  return  upon  applying  for  membership  as  new  candidates,  the 
Council  to  decide  in  each  case  whether  the  candidate  shall  be  compelled  to  pay 
an  initiation  fee  upon  this  second  election. 

Under  this  ruling  the  accountant  was  directed  to  carry  f  ot\^^t4. 


14  PROCEEDINGS  OF  THE 

179  members  on  the  roll  who  were  in  arrears  for  one  year's  dues 
only,  but  to  withdraw  seventy  names  of  those  who  had  allowed 
their  membership  to  lapse  under  the  foregoing  ruling.  The  re- 
vised enrolment  of  the  Society  in  its  various  grades,  under  this 
action,  at  the  end  of  the  fiscal  year  is  as  follows,  not  including  the 
members  to  be  voted  on  for  admission  at  the  annual  meeting: 

Honorary  members. 18 

Life  members 106 

Members ; 1,606 

Associates   174 

Juniors  551 

Total  2,340 

Respectfully  submitted, 

The  Council. 
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APPENDIX  I. 

THE   COST   OF   OPERATING   THE   SOCIETY. 

It  will  be  apparent  from  a  study  of  the  accountant's  report  that  the  principal 
elements  of  expenditure  fall  under  the  following  heads  in  the  order  of  their 
magnitude:  ^ 

1.  The  Transactions  or  publications. 

2.  Salaries  of  officers  and  staff. 

3.  The  headquarters  or  house  of  the  Society. 

4.  Sundry  printing,  circulars,  postage,  meeting  expenses,  and  miscellaneoiA. 
The  Council  has  considered  each  of  these  headings  and  presents  the  follow- 
ing conclusions: 

1.  The   Transactions  or  Publications  of  the  Society. 

Economy  may  be  effected  here  in  two  ways:  The  number  of  accepted  papers 
may  be  reduced,  and  the  size  of  the  annual  volume  which  goes  to  each  mem- 
ber; or  the  mechanical  standard  in  printing  and  illustration  may  be  lowered, 
and  the  price  cut,  without  impairing  the  professional  value  of  the  volume; 
or  both  of  these  courses  may  be  taken  at  once.  It  is  the  emphatic  opinion  of 
the  Council  that  the  first  alternative  should  be  taken  only  in  the  last  resort. 
The  volume  of  the  papers  is  to  many  members  of  necessity  a  very  valuable 
return  from  membership;  the  quality  of  the  papers  gives  the  Society  its  repute 
and  standing  at  home  and  abroad;  these  papers  are  the  reason  and  cause  for 
Buccesful  and  valuable  conventions  of  members;  they. are  the  principal  appeal 
for  accessions  of  new  members  and  the  continued  growth  of  the  Society.  So 
far  from  curtailing  here,  the  Society  should  expand  in  the  direction  of  more 
papers,  of  wider  interest,  of  superior  quality  and  usefulness,  even  if  it  must 
expend  something  more  to  attain  these  results. 

On  the  other  hand,  the  effect  of  lowering  the  mechanical  standard  of  print- 
ing and  illustrating  the  papers  is  not  so  far-reaching.  A  cheaper  grade  of 
compositors  can  be  employed;  a  diminished  number  and  size  of  illustrations 
can  be  admitted;  folding  plates  may  be  eliminated  or  reduced;  the  elegant 
wax  process  for  cuts  can  be  replaced  by  cheaper  reproduction  processes;  tabu- 
lar matter  can  be  cut  out  or  diminished;  coated  paper  for  half-tones  can  be 
discontinued.  With  respect  to  the  distribution  of  papers,  the  edition  of  papers 
issued  in  advance  of  meetings  has  been  cut  down  in  size,  and  such  papers  sent 
only  on  order,  and  not  to  every  member  before  a  meeting,  as  hitherto.  Mem- 
bers have  been  charged  for  each  copy  of  every  revised  paper  they  order  after  it 
has  been  read  and  discussed. 

The  Council  hope,  however,  that  as  soon  as  possible  the  Society  will  order 
a  return  to  the  more  liberal  and  satisfactory  standard  which  has  prevailed 
hitherto.  As  it  is,  however,  the  report  of  the  Publication  Committee  makes  it 
apparent  that  this  Society  is  spending  less  on  its  publications  in  an  average 
year  than  its  kindred  societies  of  similar  size  and  aim. 

2.  The  Salaries  of  Officers  of  the  Society  and  the  Office  Staff. 

Th^  Secretary  of  the  Society  is  its  only  salaried  officer.    The  Treasurer  re- 
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ceives  no  compensation,  but  the  accountant  in  the  office  is  the  Treasurer's 
assistant  and  clerk.  Any  further  clerical  assistance  which  the  Treasurer  may 
employ,  he  pays  for  himself  out  of  his  own  pocket.  The  staff  in  the  Society's 
office  consists  of  one  accountant,  acting  mainly  as  such  and  as  assistant  to  the 
Treasurer,  one  stenographer,  one  assistant  librarian,  and  one  mailing  clerk 
who  acts  also  as  order  clerk.  The  volume  and  extent  of  the  business 
in  the  office  precludes  any  consolidation  of  these  duties  among  a  less  number; 
or,  in  other  words,  the  work  could  not  be  done  at  all  with  a  reduction  of  force 
to  less  than  one  in  each  department.  The  work  of  the  Secretary  of  the  So- 
ciety as  editor  of  its  Transactions,  as  chief  librarian,  and  executive  officer  for 
the  Coun«il,  is  discharged  by  a  secretary  and  an  assistant.  This  organization 
prevails  in  all  the  large  engineering  societies  doing  work  upon  the  scale  fol- 
lowed by  this  Society.  The  Mechanical  Engineers  are  unique  in  this,  however, 
that  for  the  service  of  these  two  men  it  pays  a  sum  no  larger  than  is  paid  to 
o)i&  man  in  the  other  societies.  This  arrangement  seems  so  favorable  that  the 
Ck)uncil  have  no  desire  to  disturb  it,  particularly  in  view  of  the  satisfactory 
quality  and  extent  of  the  service  rendered.  The  report  of  the  Executive  Com- 
mittee makes  it  apparent,  furthermore,  that  this  Society  is  paying  less  for 
salaries  and  staff  than  the  other  engineering  societies  of  the  same  kind.  The 
Council  has  not  thought  it  wise  to  make  any  readjustments  in  this  particular. 
•  The  amounts  of  the  salaries  in  detail  will  be  found  in  the  reports  of  the  com- 
mittees, and  those  of  the  house  staff  are  considered  in  the  next  paragraph. 

3.  The  House  serving  as  Office  and  Headquarters  for  the  Society. 

The  accountant  reports  that  the  net  cost  of  operating  the  house,  No.  12 
West  Thirty  first  Street,  New  York,  last  year,  including  wages  and  mortgage 
interest  was  $2,097.57.  A  careful  computation  of  the  minimum  floor  space  upon 
which  the  Society's  work  could  be  conducted  in  its  relations  as  a  national 
organization  would  be  1,200  square  feet,  in  order  to  give  desk  room  for  Sec- 
retary and  assistant,  for  accountant  and  stenographer,  with  safe  and  records, 
and  for  mailing  clerk,  with  his  supplies  and  files.  The  prevailing  rental  in 
office  buildings  in  this  city  averages  from  $2  to  $3  per  square  foot.  If  this 
Society  rented  its  quarters  it  would  have  to  pay,  therefore,  at  the  rate  of  about 
$3,000  per  annum  for  its  office  functions  only,  and  would  have  to  rent  a  hall 
for  its  meetings,  and  forego  its  library  and  its  public  functions  altogether.  To 
give  up  the  house  would  be  also  to  abandon  the  advantages  attaching  to  non- 
resident members  as  to  the  use  of  rooms,  and  to  forego  all  the  sentiment  and 
prestige  which  belong  to  the  ownership  of  a  house.  It  appears  to  the  Council 
so  greatly  to  its  financial  advantage  to  keep  on  in  the  present  way,  to  say 
nothing  of  the  imponderable  advantages,  that  there  can  be  but  one  conclu- 
sion. The  house  staff  requires  one  house  matron  and  superintendent  (whose 
duties  are  consolidated  with  those  of  assistant  librarian),  a  janitor  who  is  also 
the  fireman,  and  a  maid.  This  is  a  minimum  for  effective  service,  and  could 
not  be  reduced.  Their  wage  is  at  the  prevailing  rate  for  such  work,  as  de- 
tailed in  the  report  of  the  House  Committee.  If  an  interest  of  4  per  cent,  on 
the  equity  of  $52,000  be  added  to  the  operating  and  interest  cost,  the  total 
becomes  only  $4,300.03,  which  is  not  a  large  price  for  what  the  Society  re- 
ceives in  return. 

4.  Circular  Printing.  Meeting  Expenses,  Postage,  Miscellaneous. 

It  is  apparent  that  in  this  heading  alone  the  considerable  cut  must  be 
made,  if  the  efficiency  of  the  Society  is  not  to  be  seriously  impaired.  Accord- 
ingly, it  is  here  that  the  Executive  Committee  has  cut  U?  estimates  most 
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severely.  It  has  reduced  the  number  and  quality  of  its  catalogues;  it  has 
diminished  the  number  of  circulars  issued;  it  has  consolidated  the  transmittal 
into  a  less  number  of  inclosures;  it  has  increased  the  proportion  of  expense 
of  the  New  York  meetings  to  be  borne  by  local  subscription;  it  has  cut  the 
use  of  return  postal  cards  with  prepayments;  it  has  reduced  the  scope  of 
circularized  niaterijil. 

The  Council  would  call  attention  to  the  fact  that  salaries  and  house  charges 
are  the  only  elements  of  expenditure  which  are  independent  of  the  size  of  the 
Society,  and  are  thus  truly  fixed  charges.  The  costs  of  publications,  of 
clerk  hire,  of  circulars,  of  postage,  and  of  meetings  grow  with  the  growth  of 
the  Society,  while  the  only  independent  items  are  one-third  of  the  total  ex- 
pense. It  is  this  fact  which  explains  in  part  why  the  cost  of  the  Society 
should  increase  with  its  growth  in  members,  or  why  the  cost  per  member  does 
not  fall  so  rapidly  as  it  would  where  increased  output  was  not  accompanied 
with  increased  operating  expense.  (See  Table  in  Heport  of  Finance  Com- 
mittee.) 


APPENDIX  11. 

REPORT  OF  THE   LIBRARY   AND   HOUSE   COMMITTEE. 

To  tJie  Council  of  the  American  Sacictt/  of  Mechanical  Engineers  : 

Gentlemen:  The  Library  and  House  Committee  presents  the  following  re- 
port of  its  action  during  the  current  year: 

I.  The  library  has  been  open  every  day  between  the  hours  of  10  a.m.  and 
10  p.m. — excluding  k>undays  and  lefj:al  holidays — except  evenings  in  the  month 
of  August.  The  additions  to  the  library  in  the  form  of  exchanges,  which  have 
been  received  as  the  equivalent  of  an  annual  volume  of  the  Society's  Transac- 
t  if  ill  ft,  have  amounted  to  $.303. 

The  Committee  has  expended  for  the  purchase  of  books  and  for  the  binding 
of  periodicals  and  pami)hlet  Transactions^  the  sum  of  $471.50.  There  has  also 
been  received,  from  dealers  purchasing  duplicate  volumes,  $40,  and  there  re- 
mains a  credit  to  the  Society  with  the  house  of  D.  Van  Nostrand  &  Co.,  on 
this  basis,  of  $287.80.  Since  December,  1001,  visitors  to  the  library  have  num- 
bered 1,500,  averaging  six  persons  a  day,  excluding  July  and  August,  when 
there  are  generally  few  persons  there. 

For  the  conduct  of  the  library  work  the  Committee  has  had  this  year  the 
services,  for  a  part  of  his  time,  of  Mr.  Arthur  L.  Rice,  assistant  to  the  Sec- 
retary, and  the  continuous  services  of  Miss  Thornton  as  librarian  and  cata- 
loffi»cr.  The  nianusmj)!  of  the  card  catalofrne  has  been  completed,  so  far  as 
the  book  titles  are  conrorncd.  but  by  reason  of  the  expense  involved  the  cata- 
lo^ie  has  not  been  printed  for  distribiilion.  The  number  of  volumes  in  the 
library  at  the  date  of  this  report  is  as  follows: 

Books   8,267 

Pamphlets   2,200 
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The  appraised  value  of  the  library  at  the  beginning  of  the  year  1902  was  placed 
at  $10,000,  this  being  the  mean  of  the  two  appraisals  which  are  appended  to 
this  report 

II.  During  the  fiscal  year  the  Finance  Committee  appropriated  for  the  needs 
of  the  house  the  sum  of  $5,191.40,  distributed  as  follows: 

For  operating  expenses $3,318  26 

For  interest  on  mortgage 1,402  60 

For  repairs  and  additions 470  64 

Total $6,191  40 

The  receipts  on  account  of  room  and  hall  rentals  for  the  year  have  aggre- 
gated $2,493.83.  This  makes  net  cost  of  operating  house,  $824.43,  and  the 
total  cost,  exclusive  of  interest  on  equity,  $3,227.57.  The  Committee  directed 
the  renewal  of  paper  and  paint  in  certain  of  the  rooms  in  the  upper  part  of 
the  house,  and  repairs  to  the  side  walls  in  the  reception-room,  at  a  cost  of  $172, 
in  addition  to  other  ordinary  repairs  during  the  year,  amounting  to  $169.23,  of 
which  $67.16  was  caused  by  repairs  made  necessary  by  a  leak  in  the  roof,  and 
$25.73  by  repairs  to  a  water  (Connection  due  to  a  break  in  the  pipe  connections 
from  the  city  main  in  the  street,  leaving  $76.36,  which  has  been  expended  for 
other  repairs,  of  which  $49.70  was  for  painting  and  papering  in  the  fall  of  1901. 
The  expenditures  in  detail  have  been  as  follows: 

Interest  on  mortgage $1,402  60 

Gas  and  electric  light ^ 547  59 

Fuel 247  25 

Janitor's   supplies 143  97 

Laundry  437  97 

Additions,  new  furniture,  etc 44  50 

Insurance 45  13 

Repairs  and  renewals,  house 340  00 

Repairs  and  renewals,  furniture 130  64 

Wages  1,740  00 

Incidentals   156  35 

Total,  exclusive  of  depreciations  on  furniture  and 
fixtures $5,235  90 

The  Committee  directed  the  purchase  of  two  tons  of  coal  in  April,  1902,  at 
$5.75  per  ton,  and  of  45  tons  in  May,  for  the  winter  s  supply,  at  $5.25  per  ton, 
in  all  $236.25. 

The  House  Committee  employs,  for  the  conduct  of  the  house  and  library 
administration,  a  janitor  and  his  wife  (at  $60  per  month),  and  has  the  services, 
for  part  of  the  time  eadi  day,  of  a  boy  (at  $45  ])cr  month),  part  of  whose 
duties  are  connected  with  the  work  of  the  Society's  office. 

The  auditorium  has  been  used  durinp  the  year  for  the  meetings  of  the  In- 
stitute of  Electrical  Engineers,  of  the  Society  of  Naval  Architects  and  Marine 
Engineers,  of  the  American  Society  of  Heating  and  Ventilating  Engineers, 
and  for  certain  meetings  of  the  New  York  Railroad  Club,  and  for  occasional 
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meetings  of  scientific  societies  (such  as  the  Ethnographic  Society) ,  the  r,eceij)t> 
from  this  source  amounting  to  $415.  The  receipts  from  the  use  of  the  sleeping 
rooms,  on  the  upper  floors  of  the  house,  during  the  year  have  amounted  to 
$2,078.83. 

The  Committee  was  called  on  in  the  spring  to  report  to  the  Council  the 
amount  which  should  be  set  aside  each  year  for  library  purposes.  The  Com- 
mittee reported  that  in  their  opinion  the  sum  to  be  set  aside  each  year  for 
the  purpose  contemplated  in  the  creation  of  the  account  designated  as  "Li- 
brary Account"  should  be  about  $300.  In  view  of  the  fact  that  the  sum 
due  at  present  from  the  membership  in  the  form  of  dues  is  in  the  neighbor- 
hood of  $30,000  per  annum,  the  Committee  recommended  to  the  Council  that  it 
should  fix  the  percentage  of  such  dues  to  be  credited  to  the  library  fund  for 
the  present  year  at  1  per  cent.  Two  past  members  of  the  House  Committee 
were  requested  by  the  Finance  Committee  to  investigate  and  report  upon  the 
expenditures  made  in  the  past  for  repair  and  maintenance  of  the  Society's 
property.  The  report,  of  such  past  members  of  the  House  Committee,  with 
their  recommendations,  is  appended  to  the  present  report. 

Respectfully  submitted, 

LiBRABT  AND   HoUSE   CoMMITTEB. 


APPENDIX  III. 

New  York,  February  20,  1902. 
977  Lexington  Avenue. 
Prof.   F.   R.   Hutton,   Secretary ,  American  Society  of  Mechanical  Engineer «> 
\l  West  ZUt  Street,  New  York  City  : 
Dear  SSir:     Acting  on  your  request  contained   in  your  letter  of  the   10th 
inst.,  I  have  the  honor  to  report  that  I  have  made  an  examination  of  the 
library  of  the  American  Society  of  Mechanical  Engineers,  finding,  as  a  result, 
about  7,600  volumes  and  2,000  pamphlets  on  its  shelves,  to  which  I  fix  a  value 
of  $14,000. 

In  general,  it  proved  to  be  a  well-selected  collection  on  mechanical  engineer- 
ing, with  the  more  important  recent  works  on  electrical  engineering.  The 
stress  laid  upon  complete  files  of  the  technical  and  trade  periodicals  is  wise 
and  will  be  approved  by  workers  in  current  technical  research. 

Very  respectfully, 

H.  M.  Ltdenberg. 


New  York,  March  3,  1902. 
Prof,  F.  R.  IJutton^  Secretary,  American  Socieiy  of  ^f('ehnnical  Engineers,  New 
York  City  . 
Dear  Sir:  Agreeably  with  your  request,  I  have  made  a  careful  examination 
of  the  books  in  the  library  of  your  Socioty,  and  as  a  result  of  such  examina- 
tion, conclude  that  a  fair  valuation  of  same  would  be  eight  thousand  dollars 
($8,000). 
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I  would  remark  that  there  are  in  the  library  many  incomplete  sets  of  eerial 
publications,  the  missing  portions  of  which  can,  in  many  instances,  be  obtained 
at  nominal  cost,  and  if  obtained  would  add  materially  to  the  value  of  the 
library. 

I  would  be  glad  to  aid  the  library  in  the  matter  if  desired,  and  inclose  here- 
with bill  for  services  rendered,  and  am. 

Yours  very  truly, 

C.  E.  Sfeirs. 
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New  York,  April  13,  1902. 
To  the  Finanre  Vommittee  of  the  American  Society  of  Media  nical  Engineers: 

The  undersigned  Committee,  appointed  to  report  upon  the  past  expenditures 
of  the  Society  for  repair  and  maintenance  of  the  Society's  property,  and  also 
to  recommend  a  suitable  amount  to  be  set  apart  annually  for  such  expenditure 
in  the  future,  respectfully  reports  as  follows: 

1st.  From  the  statement  of  the  expenditures  of  the  Society  on  this  account 
for  the  past  ten  years,  furnished  by  the  Secretary,  it  will  be  seen  that  the  total 
amount  expended  during  that  period  was  $17,522.  This  includes,  as  per  the 
following  statement: 

Furnitnre 
una  Fixtures. 

1892  $261  99 

1893   945  16 

1894   642  43 

1895   287  21 

1896   848  88 

1897   451  62 

1898  656  07 

1899  592  27 

1900  614  25 

1901   317  66 


Equipment. 

$246  72 

451  60 

363  50 

336  78 

245  20 

423  41 

12  75 

62  25 

Repairs 

$189  33 

119  95 

15  29 

328  50 

338  73 

325  46 

672  21 

1,138  02 

537  98 

1,610  96 

Totals $5,617  54  $2,142  11  $5,276  43 

Furniture  and  fixtures $5,617  54 

Equipment 2,142  11 

Repairs   5,276  43 


Total   $13,036  08 

Heating  and  ventilating 4,486  00 


Total   $17,522  08 

Certain  large  items,  namely  about  $4,500,  for  the  ho«ating  and  ventilating 
apparatus,  about  $1,000  for  electric  wiring,  and  about  $500  for  the  construction 
of  store  closets,  are  not  at  all  likely  to  be  again  required. 
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2d.  Taking  into  account  the  above  figure,  it  appears  that  the  average  ex- 
penditure during  a  period  of  ten  years  Ifas  been  $1,750  per  year.  Omitting 
the  above-mentioned  items,  we  consider  that  an  appropriation  of  $1,200  per 
year  will  be  suitable  for  the  maintenance  and  repairs  of  the  property. 

Respectfully  submitted, 

Jesse  M.  Smith, 

H.  H.  SUPLBE. 


APPENDIX    V. 

REPORT   OF  THE   PUBLICATION   COMMITTEE. 

To  the  Council  of  the  American  Society  of  Meclianieal  Engineers  : 

Gentlemen:  The  Publication  Committee  of  the  Society  has  been  giving 
consideration  for  several  months  to  the  question  of  securing  greater  economy 
in  the  mechanical  work  of  printing  the  volume  of  Transactions,  The  ques- 
tion naturally  involves  two  issues. 

The  first  was  a  reduction  in  the  price  paid  to  the  present  printer,  by  an 
alteration  in  the  form  of  the  contract,  and 

Secondly,  the  procuring  of  bids  from  other  houses  capable  of  handling  the 
publishing  of  the  Society's  volumes. 

The  Committee  has  taken  steps  in  both  of  these  directions.  As  the  result 
of  the  first  procedure,  the  form  of  contract  with  the  present  house  has  been 
amended,  so  as  to  reduce  the  cost  of  a  typical  volume  of  the  Transactions  by 
a  sum,  which,  while  it  will,  of  course,  vary  with  the  size  of  the  volume,  is  likely 
to  be  for  an  average  volume  (such  as  volume  xxi.)  a  reduction  of  $2,300  in  the 
cost  of  the  yearly  volume.  ^ 

The  second  question  was  whether,  by  securing  a  contract  with  another  house 
doing  hand  composition,  it  would  be  possible  to  procure  more  advantageous 
terms,  or  whether,  by  substituting  the  type-setting  machine  for  hand-work, 
with  the  present  contractor  or  with  some  other,  it  would  be  possible  to  effect 
an  economy,  while  keeping  up  the  standard  of  the  volume  in  the  matter  of 
mechanical  excellence. 

It  should  be  recalled  that  the  requirements  of  the  Society  upon  its  print- 
ing house  are  exacting,  by  reason  of  the  fact  that  the  Society  practically 
issues  one-half  of  its  volume  at  high  speed  within  a  few  weeks  in  advance  of 
a  meeting,  and  then  holds  the  type  of  that  half  volume  standing,  while  the 
discussions  which  are  held  at  the  meeting  are  inserted  in  their  proper  places 
at  the  close  of  the  paper  to  which  they  attach.  This  means  that  the  type 
for  one-half  the  volume  must  be  completely  set  up  within  a  few  weeks,  and 
kept  locked  up  at  the  service  of  the  Society  for  a  period  which  averages  four 
months,  twice  a  year,  or  eight  months  of  the  entire  year.  The  Society's  work 
requires  also  the  use  of  mathematical  symbols,  subscript  letters,  and  the  dif- 
ciilt  work  of  setting  up  e(|uation-?  and  tabular  matter,  which  is  not  possible 
by  the  type-setting  machine  method. 

It  was  found  that  several  of  the  largest  printing  houses  in  the  vicinity  did 
not  care  to  consider  the  undertaking  of  our  work,  by  reason  of  its  conditions 
with  respect  to  rapid  composition  and  locking  up  type,  and  for  others  the 
demand  for  type  was  beyond  their  capacity.      The  Secretary's  office  furnished 
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the  varions  competitors  with  a  standard  specification  and  sample  volume  as  to 
standard  of  quality,  using  volume  xxi.  for  this  purpose,  as  being  a  volume  of 
average  type.  The  competing  firms  were  six  in  number,  and  the  result  of  their 
bids  reduced  to  a  common  standard  for  volume  xxi.  by  careful  computation 
give  the  figures  shown  in  a  confidential  appendix  of  this  report. 
It  was  the  opinion  of  the  Commitee — 

1.  That  the  difference  in  price  for  handwork  by  the  various  firms,  as  com- 
pared with  the  present  contract  with  the  house  of  J.  J.  Little  &  Co.,  did  not 
warrant  the  Comndttee  in  recommending  a  change  to  any  of  these  houses; 
particularly  since  J.  J.  Little  &  Co.  agreed  to  set  such  papers  as  admitted  it  by 
machine,  and  give  the  Society  the  benefit  of  the  machine  rate  where  it  could  be 
applied. 

2.  The  question  then  was  as  to  the  acceptance  of  the  proposition  of  one  of 
the  approved  bidders  to  do  the  work  entirely  or  largely  by  the  type-setting 
machine  at  its  reduced  rate.  It  was  the  opinion  of  the  Committee  that  by 
reason  of  the  proportion  of  work  which  would  have  to  be  set  up  by  hand  in 
any  case,  the  expensive  character  of  corrections,  and  the  difficulty  connected 
with  them  (which  are  very  frequent  in  scientific  and  technical  articles  pre- 
pared under  the  strain  to  which  many  of  our  members  are  necessarily  put  when 
they  undertake  such  work),  and  the  uncertain  character  of  the  actual  saving 
for  these  reasons,  as  compared  with  the  computed  saving  in  advance  of  ex- 
perience, that  there  were  not  sufficient  reasons  to  induce  the  Committee  to 
recommend  a  change,  in  view  of  the  inconvenience,  delays,  uncertainties,  and 
other  drawbacks,  which  would  be  the  unavoidable  consequence  of  making  a 
change  of  this  sort,  and  the  possibility  of  using  machine  processes  with  the 
present  contractor,  where  this  would  he  of  advantaj^e  to  the  Society. 

The  Committee  therefore  recommends  that  for  the  present  there  should  be 

no  change  made  in  the  selection  of  the  Society's  printer,  but  that  the  Council 

» approve  the  form  of  contract  with  the  house  of  J.  J.  Little  &  Co.,  on  the  basis 

of  which  the  economy  will  be  made  which  is  referred  to  in  paragraph  2  of  this 

TepoTt. 

The  Committee  would  also  report  upon  the  conduct  of  the  current  work  of 
the  year  under  its  charge. 

The  appropriation  for  the  work  of  the  Committee  at  the  beginning  of  the 
year  was  distributed  as  follows,  and  under  the  followinjif  hcadinj^s.  The  amounts 
which  have  been  expended  for  the  volume  of  the  current  year  under  each  head, 
as  taken  from  the  Society's  accounts,  show  the  total  for  the  year  $7,920.  Tlio 
round  figures  are: 

Advance    papers $1,250 

Revised  679 

Stenographer's    fees 255 

Engraving   324 

Composition  and  electrotyping 4,977 

Binding 108 

Boxing   plates 13 

Postage  and  expressage 194 

Storage,  including  insurance 120 

$7,920 
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The  Committee  has  also  expended  on  account  of  work  coming  over  to  it  from 
its  previous  year  the  sum  of  $8,600,  making  the  total  cash  payments  for  the 
year  under  its  direction  $10,523.16. 

This  amount  carried  forward  is  made  up  of: 


Pamphlet  papers $924 

Engraving  279 

Composition  and  electrotyping 4^41 

Binding 1,958 

Boxing  plates 10 

Postage 1,068 

Storage  120 


$8,600 


In  comment  on  these  figures  the  Committee  would  direct  attention  to  the 
fact  that  the  reason  why  the  grand  total  exceeds  the  statements  which  have 
been  made  in  previous  years,  is  the  allotting  of  certain  expenses — such  as  the 
stenographer's  fees,  the  storage,  the  expenses  of  shipment — to  the  appropria- 
tion for  the  Committee's  work  instead  of  charging  these^  either  separately  or 
as  part  of  the  office  expenses  of  the  Society,  as  prevailed  in  previous  years. 
Furthermore,  a  much  greater  efTort  has  been  made  this  year  to  bring  expen- 
diture for  publications  apportioning  itself  to  the  current  year,  into  the  items 
which  the  Committee  reports  in  that  year.  In  previous  years  less  efTort  was 
made  to  secure  this  result,  so  that  items  chargeable  to  the  volume  of  a  given 
year  were  completed  and  paid  for  in  the  next  succeeding  year,  as  indicated 
above.  While  this  procedure  evened  itself  up  in  the  long  run,  the  definite  cost 
of  any  single  volume  was  not  so  easy  to  reach,  as  under  the  present  system. 

The  Committee  did  not  consider  that  it  had  been  instructed  by  the  Society 
or  the  Council  to  curtail  its  operations  with  resfect  to  accepting  desirable 
papers,  but  only  to  pursue  a  policy  of  retrenchment  in  the  matter  of  expen- 
sive tabular  matter,  elaborate  illustrations,  and  similar  mechanical  detail.  The 
volume  of  the  current  year  contains  900  paj^es,  but  the  Committee  has  had 
to  pay  for  the  work  of  setting  up  and  issuing  the  report  of  the  Committee 
on  Conducting  Engine  Trials,  which  is  not  made  a  part  of  the  current  volume, 
and  will  not  be  incorporated  into  a  volume  until  the  Society  has  taken  action 
upon  the  work  of  the  Committee  and  releases  it.  For  this  reason,  and  because 
of  the  infusion,  by  the  new  system  of  accounting,  into  the  expenses  of  the 
Transactions  of  certain  items  which  in  previous  years  have  been  charged  up 
to  "general  expense"  in  the  office  routine,  the  Committee  was  compelled  to 
exceed  its  own  estimate  of  the  sum  which  should  properly  belong  to  the  work 
of  the  Committee. 

By  reason  of  the  different  methods  of  accounting  in  the  various  societies,  the 
Committee  is  not  confident  that  in  the  investigation  which  it  conducted  as  to 
the  relative  cost  of  the  publications  in  this  Society  and  in  two  of  its  kindred 
societies,  it  was  able  to  present  a  fair  comparison.  Subject  to  this  uncertainty 
the  Committee  would  present  for  record  the  result  of  computations  covering 
th€  last  five  yean,  In  the  following  table  taken  from  published  reports: 
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Relative  Cost  op  Publications. 


Year  Civil  Engineers. 

1896  $8,763  38 

1897  8,450  00 

1898  11,000  00 

1899  10,723  00 

1900  14,843  00 

1901  


Mining  Engineers. 
$9,212  00 
10,592  00 
11,447  00 
9,475  00 
11,582  00 
13,554  00 


Mechanical  Engineera 


$10,973  00 

9,643  00 

12,798  00 

12,740  00 


Respectfully  submitted. 

Publication  Committee. 


APPENDIX   Vr. 


REPORT   OF   THE   EXECUTIVE   COMMITTEE. 

The  Executive  Committee  of  the  Council  has  been  intrusted  by  that  body 
with  special  oversight  with  respect  to  the  expenditures  in  the  Secretary's  office, 
which  do  not  attach  themselves  directly  to  the  work  of  any  of  the  stated  com- 
mittees. The  items  which  fall  under  the  headings  of  such  expenditure,  in  this 
group,  and  the  amounts  attaching  to  each  are  as  follows: 

Certificates  and  introduction  cards $172  25 

Badges,  expenses  of  distribution 21  33 

Circulars 1,607  20 

Meetings 1,049  62 

Catalogues   1,250  98 

Office  accounts,  exclusive  of  salaries 1,444  92 


The  title  "  certificates  and  introduction  cards "  refers  to  the  expenditure 
connected  with  the  printing,  engrossing,  and  distribution  of  the  diplomas  of 
membership,  and  the  introduction  cards  which  are  given  by  the  Society  to 
each  member  when  his  initiation  fees  are  paid.  It  will  be  apparent,  therefore, 
that  this  item  will  vary  each  year  with  the  number  of  members  joining  the 
Society,  since  the  expense  connected  with  each  di])]oma  and  card  is  a  definite 
sum  for  each.  Similarly  the  expenditure  for  badfj^cs  in  the  Secretary's  office 
is  the  expenditure  connected  with  distribution  only,  since  the  Society  orders 
these  badges  from  a  jeweller,  and  they  are  billed  to  the  members  at  the  jeweller's 
price. 

Under  the  head  of  "Circulars"  the  Committee  has  grouped  the  expenditure 
of  each  year  into  three  headings.  These  he«nclings  are  called  "admission  cir- 
culars" ($429.70),  "circulars  in  connection  Avith  the  meetings"  ($705.55),  and 
"general  circulars"  ($471.95).    The  expenditure  covers  the  printing  and  the 
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poeioge  or  expensc^a  of  diBtribution.  The  effort  is  made  wherever  possible  to 
et'ommiize  the  jxjstoge  by  grouping  Ihtse  circulars  into  a  single  inelosnre,  even 
U  by  fio  doing  the  risk  is  made  that  the  varied  eharacter  of  the  contents  of  the 
package  will  /ail  to  dI tract  the  attention  of  the  members.  The  "  uilmissioti 
dtculars  '*  cover  application  blanksj  various  confidential  circulars  of  inquiry 
eonceming  candidates;  the  pointing  lists  and  the  professional  service  sheets  for 
the  information  of  voters,  and  includes  all  expenses  for  postage  in  connection 
thcrcujth»  The  "meeting  circulars  "  cover  programmes,  the  preliminary  notice 
nf  meetings,  the  printed  register  of  members  in  attendance,  and  all  minor  print- 
ing exclusive  of  the  professional  papers  which  belong  to  the  two  semi-annual 
conventions.  Under  the  general  head  are  grouped  all  circulars  of  an  occasional 
or  special  sort*  This  year  there  have  been  very  few  such  circulars  issued  out- 
side of  the  six  Emfilm/rrs  Ihdl  fin^i  except  the  pamphlet  covering  a  financial 
report  and  statement  with  recommendationSj  which  waa  sent  to  the  membera 
in  advance  of  the  Boston  Meetyig,  costing  over  $10€, 

It  will  be  of  interest  for  the  Committee  to  say  that  something  over  250  per- 
sons  have  l>een  brought  into  contact  with  the  professional  opportunities  through 
the  Hntlrliftfi  and  something  over  150  employers  in  search  of  men  have  had  their 
needs  made  known.  The  volume  of  correspondence  incident  to  these  400  en- 
gagements is  at  least  three  times  that  of  the  number  of  persons  or  positions 
afTecttd.  Tn  the  opinion  of  the  Committee  this  undertaking  Is  decidedly  worth 
while,  and  bus  been  the  menns  of  bringing  into  touch  with  the  Society,  mem- 
hers  who  will  add  to  its  strength  and  importance*  It  will  be  apparent  also 
that  the  expense  connected  with  these  headings  will  increase  each  year  with 
the  growth  of  the  f?ociety. 

Under  the  bending  ** meetings'^  comes  the  expense  in  connection  w*ith  the 
two  semi-annual  meetings  which  arc  not  included  under  the  expenses  of  print- 
ing and  circulars^  These  cover  those  expenses  in  connection  with  the  annual 
meetings  recunrent  each  year  in  New  York  City,  which  are  not  borne  by  in- 
dividual subscription  of  the  local  membership.  They  cover  also  the  expenses 
of  the  button  badges,  ntimbcred  \nfr%,  and  the  travelUng  expenses  of  the  So- 
ciety's officers  in  attendance  on  the  convcnticfns. 

Under  the  expenses  of  "  catalogues  "  is  included  the  eompositionT  press  work, 
paper,  and  postage  for  the  two  i8**ucs  of  the  catalogue  of  the  J^oeiety.  The 
flrst  of  thesejf  which  is  the  alphabetical  list,  is  issued  at  the  hefpnning  of  the 
eak'ndar  year,  for  desk  use,  and  the  second  is  issued  during  the  summer  with 
the  members  grouped  geographitany,  in  an  edition  small  enough  to  be  con 
venlently  carried  in  the  pocket*  This  summer  edition  contains  the  corrcctinnf* 
of  address  which  have  been  received  during  the  preceding  six  months,  and  the 
additions  to  the  roll  of  the  Society  by  election  since  the  previous  issue. 

The  two  catalogues,  therefore,  are  not  in  agreement.  So  great  is  the  number 
and  volume  nf  the  chnasrcs  of  address  during  the  six  months'  period  between 
eatalogueg,  that  either  ts^ue  is  practically  valuleless  by  reason  of  itji^  inaccuracy 
by  the  time  the  next  one  appears.  The  large  catalogue  costs,  with  postage,  a 
little  leas  than  fiTOO,  and  the  small  eatalogne  a  little  over  $500.  Both  of  these 
catalngues  were  set  up  by  the  type-setting  machine.  They  are  freely  issued  to 
members  amtothers,  on  demand,  since  it  has  been  the  opinion  of  the  Committee 
that  they  are  to  be  treated  as  a  species  of  advertteing  literature,  and  have  a 
dtfttinct  use  Tn  bringing  additional  members  into  the  Society;  For  this  reason 
ihe  edition  of  each  issue  is  made  about  3.lXK>.  This,  again,  is  an  expense  which 
fwill  increase  directly  with  the  growth  of  the  Society  in  numbers. 
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Under  ''Office  Account"  the  Ck>mmittee  includes  salaries  in  the  office  and 
the  general  expenditure  for  the  conduct  of  its  business.  The  salaries  are  aa 
follows: 

Secretary   $3,600 

Assistant  to  Secretary 2,400 

Accountant  and  assistant  to  Treasurer 2,000 

Stenographer 720 

Mailing  clerk 720 

It  is  the  opinion  of  the  Committee,  after  careful  investigation  of  the  volume 
of  business  which  passes  through  the  Society  office  during  the  year,  that  no 
reduction  of  office  force  could  be  practicable  and  have  the  business  of  the  So- 
ciety gotten  out  on  time.  The  distribution  of  duties  is  such  that  each  depart- 
ment requires  the  full  time  of  the  subordinate  officer  intrusted  with  it. 

It  may  be  of  interest  for  the  Committee  to  put  on  record  the  results  of  an  in- 
vestigation as  to  the  amount  expended  for  salaries  in  its  kindred  societies  dur- 
ing the  last  five  years,  as  derivable  from  their  published  reports.  The  table  (in- 
cluding all  officers  of  the  Society  and  wages  of  employes)  is  as  follows: 


Year.  Civil  Engl- 

iieerp. 

1896  $11,645 

1897  11,331 

1898  12,826 

1899  15,856 

1900  16,282 

1901  16,022 


The  expenditure  for  stationery  in  the  Secretary's  office,  and  the  necessary 
printing  for  the  correspondence,  together,  has  amounted  during  the  year  to 
$390.  The  expenditure  for  postnge.  exclusive  of  such  items  as  are  specifically 
charged,  has  been  $550,  and  is  mainly  for  the  office  correspondence  and  for  the 
business  connected  with  the  collection  of  duos.  It  will  be  apparent,  again,  that 
as  the  Society  grows  in  size  both  of  these  items  must  increase  in  direct  ratio. 

Under  the  head  of  "  Supplies  "  the  office  has  purchased  during  the  year  an 
addressing  machine,  with  a  view  to  reducing  the  expenditure  of  time  and  money 
in  connection  with  the  very  considerable  mail  issues  which  go  out  each  year. 
It  may  be  of  interest  for  the  Committee  to  say  that  in  any  one  year  there  is  a 
minimum  of  seven  full  sets  of  addresses  prepared,  covering  the  entire  member 
ship,  and  that  in  addition  the  ordinary  volume  of  a  year's  business  covers  a 
minimum  of  transmittals  through  the  Secretary's  office  of  43,000  units.  In 
ordinary  years  this  is  more  likely  to  exceed  50,000. 

Respectfully  submitted. 

Executive  CoMMrTTEB. 


Mining  Eng!- 

Mechanic! 

lu'erp. 

Engineen 

$9,994 

$7,384 

9,694 

7,945 

11,144 

8,045 

11,197 

8,529 

11,984 

8,933 

13,340 

11,780 
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New  York.  March  19,  1902. 
Prof.  F,  R.  HutUm,  Secretary,  12  West  ZUt  Street,  New  York  City  : 

Dear  Sir:  Inclosed  we  send  you  our  report  as  an  Appraisement  Committee 
upon  tne  property  at  12  West  Thiry-first  Street,  which  we  request  you  to  pre- 
sent at  the  next  meeting  of  the  joint  Executive  and  Finance  Committees,  to- 
gether with  the  accompanying  estimates  which  have  been  made  at  our  request 
by  persons  competent  to  make  appraisements. 

Very  truly  yours, 

Jbsbb  M.  Smith, 
h.  h.  supler. 

REPORT. 

The  undersigned  were  appointed  by  the  Executive  and  Finance  Committee5t 
to  act  as  a  special  committee  to  report  on  the  value  of  the  real  estate  of  tho 
(Society  and  the  property  contained  in  the  house  No.  12  West  Thirty-first  Street. 
They  would  present  their  report  as  follows: 


The  property  at  No.  12  West  Thirty-first  Street  falls  naturally  into  four 
groups: 

1.  The  house  and  lot. 

2.  The  library. 

3.  The  stock  of  Transactiofis  of  the  Society. 

4.  The  office  and  household  furniture. 

It  was  the  intention  of  the  Committee  to  have  more  than  one  estimate  or 
appraisal  made  in  each  subdivision,  and,  if  possible,  to  obtain  three.  This 
has  not  been  possible  in  all  cases.  The  Committee  has  obtained  the  services  of 
the  best  available  experts,  and  would  base  its  recommendations  upon  the  re- 
ports of  these  experts,  which  are  appended  to  the  report  of  the  Committee. 


II. 

With  respect  to  the  real  estate,  the  Committee  would  say  that  Messrs  H.  H. 
Cammann  and  Charles  S.  Schuyler  have  made  independent  estimates,  and  have 
valued  the  Society's  holdings  at  $80,000.  A  third  estimate  at  $90,000  has  been 
furnished  by  Mr.  S.  W.  Baldwin,  as  the  result  of  a  conference  with  four  real 
estate  men  of  experience  in  this  neighborhood.  A  fourth  estimate  of  $90,000, 
i»  based  upon  a  sale  at  No.  14  East  Thirty-first  Street,  which  changed  hands, 
at  the  rate  of  $8,000  per  lineal  foot  of  front  face,  and  it  is  the  opinion  of  ex- 
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perts  that  property  west  of  the  avenue  always  commands  a  higher  rate  than 
on  the  east  side.  The  Society's  lot  at  No.  12  West  Thirty-first  Street  has 
28i  teet  front.  It  is  the  opinion  of  your  Committee,  therefore,  that  its  value 
is  in  excess  of  $85,000,  and  would  report  that,  in  its  opinion,  its  value  should 
be  placed  at  $85,000.  The  custom  in  this  city  and  its  neighborhod  is  to  give 
no  value  to  the  house  when  land  is  bought  and  sold. 


m. 

The  library  of  the  Society,  located  on  the  second  floor  of  the  building,  has 
been  appraised  by  Mr.  H.  M.  Lydenberg,  who  is  an  assistant  to  Dr.  Billings,  who 
is  at  the  head  of  the  New  York  Public  Library.  A  second  appraisal  was  made 
by  Mr.  C.  E.  Speirs,  who  is  the  active  man  in  the  firm  of  D.  Van  Nostrand  & 
Ck>.  The  Committee  was  unable  to  secure  the  services  of  a  third  competent 
expert. 

The  value  assigned  by  Mr.  Lydenberg  is $14,000 

The  value  assigned  by  Mr.  Speirs  is 8,000 

The  Committee,  therefore,  recommend  that  the  present  value  of  the  library  be 
considered  to  be  $10,000.  This  appraisal  does  not  cover  the  permanent  fixtures 
such  as  shelves,  or  furniture,  but  applies  to  books  only. 


IV. 

With  respect  to  the  value  of  the  stock  of  volumes  of  the  Society's  Trans- 
actions, the  Committee  finds  that  the  average  cost  of  reproduction  in  an  edition 
of  260  copies,  will  make  the  cost  of  replacing  a  single  volume,  in  paper  binding, 
amount  to  $1.10.  It  is  the  opinion  of  the  Committee  that  as  the  years  go  by 
and  the  volumes  become  antiquated  as  records  of  engineering  achievement, 
their  inventory  value  should  be  diminished  by  ten  cents  per  annum  per  volume, 
so  that  at  the  end  of  eleven  years  its  inventory  value  should  disappear. 

On  this  basis,  of  the  5,271  volumes  in  stock,  only  2,794  volumes  would  be 
inventoried.  On  the  basis  of  the  foregoing  valuation  this  stock  would  have  a 
value-  of  $1,786,  the  earlier  volumes  beinp:  considered  to  have  no  inventory 
value.  The  Committee  has  similarly  considered  that  the  stock  of  pamphlets 
of  separate  papers,  which  is  considerable,  has  no  inventory  value. 


With  respect  to  the  nimiture  m  tne  nouse,  your  Committee  has  divided  it 
into  two  groups,  which  it  has  designated  as  office  furniture,  and  belonging  to 
the  conduct  of  the  Society's  general  work;  and  into  household  furniture,  which 
includes  the  specific  equipment  of  the  house  for  other  purposes.  The  value  of 
the  office  furniture  is  estimated  at  $730.50;  the  value  of  the  household  furni- 
ture is  called  $562.75;  making  a  total  valuation  of  both  groups  $1,299.26,  ac- 
cording to  this  appraisement. 
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The  Committee  summarizes  its  findings  as  follows: 

1.  The  house  and  lot $85,000 

2.  The  library. . .' 10,000 

3.  The  stock  of  Transactions 1,786 

4.  Office  and  household  furniture 1,300 


All  of  which  is  respectfully  submitted, 
March  19,  1902. 


$98,086 


Jebbb  M.  Smith, 
h.  h.  suppleb. 


New  York,  January  20,  1902. 
Mr,  F.  R.  Hutton,  Secretary  American  Society  Mechanical  Engineer Sy  12  West 
^Ut  Street,  J^ew  York  City  : 

My  Dear  Sir:  I  beg  to  acknowledge  receipt  of  your  letter  of  January  18th. 
In  regard  to  the  value  of  the  building  and  lot,  we  appraise  it  at  $80,000.    If 
this  appraisal  is  for  you  personally,  there  will  be  no  charge  for  it  from  us. 
With  kind  regards,  very  truly  yours, 

CnAKLEs  E.  Schuyler  &  Co. 


P.  S. — I  have  inquired  among  several  friends  who  are  operating  in  this  sec- 
tion, and  they  believe  it  to  be  a  fair  and  conservative  valuation  of  the  property. 

Very  truly  yours, 

Charles  E.  Schuyler  &  Co. 
Per  M. 


New  York,  January  13,  1902. 
F.  R.  Hutton,  Esq.,  Secretary,  12  West  ZUt  Street  : 

My  Dear  Sir:  Your  favor  of  the  llth  inst.  is  received.  The  property  belong- 
ing to  your  Society  on  Thirty-first  Street  is  probably  worth  about  $75,000  to 
$80,000,  considered  as  a  marketable  piece  of  property.  Of  course  conditons  of 
adjoining  ownership,  where  parties  specially  desire  your  premises,  ini^ht  enable 
you  to  get  a  considerably  higher  figure,  and  in  the  same  way  something  in- 
jurious adjoining  your  premises  might  make  it  worth  less;  but  considered 
merely  as  an  independent  piece  of  property,  we  think  the  value  that  we  have 
given  would  be  approximately  correct. 

Yours  truly, 

H.  H.  Cammann. 


30  PROCEEDIXGS   OF   THE 

New  York,  January  20,  1W2. 
F,  B.  ffuUon,  Esq.,  Secretary,  12  West  Slst  Street :. 

My  Dear  Sir:  Your  favor  of  the  18th  imt.  is  received.  The  value  which  we 
placed  upon  No.  12  West  Thirty-first  Street  covered  the  land  and  the  building. 
The  building  practically  has  not  very  much  value,  although  it  might  enable  a 
purchaser  to  get  rent  from  the  pr<^rty  for  a  few  years  in  case  he  did  not  desire 
immediately  to  build  on  the  lot. 

Yours  truly, 

H.  H.  Caxmakn. 


New  York,  January  22,  1902. 
Mr,  Jesse  Smith,  St.  Paul  Building,  New  York,  2i.  T.: 

Dear  Sir:  Referring  to  the  valuation  of  the  Thirty-first  Street  property,  I  am 
advised  by  a  real  estate  friend,  that,  in  his  judgment  and  that  of  three  of  his 
friends  who  are  familiar  with  property  in  that  vicinity,  tliat  it  is  worth  $90,000. 
He  says  three  25-foot  lots  have  recently  been  sold  in  the  street  for  $75,000— or 
$25,000  per  lot;  that,  in  his  judgment,  the  value  will  gradually  increase. 

Yours  truly, 

Stephen  W.  Baldwik. 


APPEXDIX   VIII. 

REPORT   OF   THE    FINANCE    COMMITTEE. 

The  Knance  Committee  respectfully  present  the  following  financial  statements 
designated  as  Sheets  A,  B,  nnd  C,  which  have  been  examined  and  approved  by  a 
chartered  public  accountant.  They  present  also  a  series  of  computations  show- 
ing the  cost  per  paying  member  from  1894  to  1902,  and  an  estimate  of  the  prob- 
able receipts  and  expenditures  for  the  ensuing  fiscal  year. 

Respectfully  submitted. 

Finance  Committee. 
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The  Council  has  also  taken  action  since  the  first  draft  of  tlje 
report  on  the  following  questions: 

The  C-ommittee  provided  for  by  resolution  at  the  Boston  Meet- 
ing to  consider  and  report  upon  the  question  of  Standard  Pro- 
portions for  Machine  Screws,  from  seven-sixteenths  of  an  inch 
downwards,  has  been  chosen  by  the  Council  and  consists  of 
Messrs.  Wilfred  Lewis,  Chairman,  George  M.  Bond,  H.  K. 
Jones,  John  Eiddell,  George  E.  Stetson,  and  C.  C.  Tyler.  The 
Council  has  given  favorable  consideration  to  the  proposition  for 
a  Committee  on  Standard  Si>ecifications  for  Steel  Forgings  and 
Steel  Boiler  Plate.  This  Committee  was  later  appointed  to  con- 
sist of  Messrs.  II.  W.  Spangler,  Chairman,  E.  S.  Cramp,  Wm. 
Kent,  Geo.  S.  Morison,  and  Arthur  M.  Waitt. 

The  Council  has  acted  on  the  request  from  a  Committee  on 
Organization,  who  had  been  engaged  in  elaborating  the  details 
for  the  award  of  a  gold  medal  for  conspicuous  achievement  in 
science  or  industry,  as  a  memorial  of  John  Fritz,  Honorary 
Member  of  this  Society  and  a  Past  President.  The  organization 
provided  that  this  award  shall  be  made  each  year  by  a  Commis- 
sion or  Board  of  Award,  who  shall  also  be  Trustees  of  the  medal 
fund.  This  Board  is  to  consist  of  sixteen  members,  four  chosen 
by  each  of  the  four  national  engineering  societies  now  in  exist- 
ence, and  with  terms  of  office  such  that  the  term  of  office  of  one 
member  of  each  group  shall  expire  at  the  end  of  each  year. 
Under  the  provisions  of  this  organization,  the  Council  of  this 
Society  has  appointed  the  following  members  of  this  Board: 

S.  T.  Wellman,  to  sorvo  for  four  years, 
RoHEHT  \V.  Hint,  to  s  tvo  for  thn'c  yonrs, 
John  K.  Swket,  to  sorve  for  two  years, 
Gaetano  liANZA,  to  serve  for  one  year. 

The  Council  has  also  directed  the  Secretary  to  proceed  to  carry 
out  the  details  for  the  holding  of  monthly  reunions,  during  the 
coming  winter,  in  New  York  City,  for  the  discussion  of  papers 
and  topics  of  engineering  interest. 

By  direction  of  the  Finance  Committee,  the  accounts  as  pub- 
lished in  the  statements  of  the  Finance  Committee  and  the  So- 
ciety's accountant,  have  been  scrutinized  by  a  chartered  public 
accountant,  and  the  firm  of  Sargent,  Page  &  Taylor,  who  have 
])erformed  this  duty,  and  have  certified  to  the  correctness  of  the 
statement  as  printed  in  tlie  report  of  the  Council.     After  the 
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reading  of  the  Keport  of  the  Council,  the  Report  of  the  Tellers, 
apix)inted  to  scrutinize  the  ballots  for  members,  cast  in  advance 
of  the  meeting,  was  presented  as  follows: 


Adams,  Edward  M. 
Backlin,  Axel  F. 
Bayley,  W.  D. 
Bernard,  James  L. 
Bolarid,  Fred'k  A. 
Brett,  Henry  E. 
Brown,  J.  Grove 
Brown,  Jno.  J. 
Brown,  Jno.  L. 
Br\'ant,  Frank  J. 
Carew,  C.  J. 
Comstock,  L.  C. 
Cotton,  Geo.  G. 
Dalton,  Wm. 
Davenport,  E.  W. 
Dawes,  H.  N. 


Bailey,  Chas.  L. 
Davns,  Robert  G. 


Barbour,  Geo.  H. 
(^Kilmers,  W.  J. 
Einenson,  K.  W. 


As  Members. 

DeLamater,  O.  R. 
Doughty,  A.  J. 
Emmet,  Wm.  L.  R. 
English,  Wm.  T. 
Ferguson,  H.  A. 
Fitch,  C.  E. 
Flint,  Walter 
Gates,  P.  W. 
Gazzam,  Jos.  P. 
Gifford,  R.  L. 
Hills,  Burton  U. 
Hunt,  Chas.  B. 
Hurd,  Chas.  H. 
Jackson,  W.  W. 
Keyes,  Fredc.  H. 
Ijcmon,  Jno.  C. 
Lepper,  Jno.  G. 


McGregor,  Jno.  A. 
McNairy,  A.  B. 
Moore,  Allen  H. 
Morford,  Thos.  H. 
Pennington,  Jas.  H. 
Piatt,  Wilber  O. 
Robb,  Aubrey,  G. 
Roe,  Joseph  W. 
Sherman,  M.  H. 
Sponsel,  C.  W. 
Stevens,  Jno.  A. 
Stott,  H.  G. 
Thurston,  Geo.  H. 
West,  Arthur 
Witte,  Herman  F. 
Wood,  Wm.  H. 


Promotion  to  Full  Membership. 


Morgan,  R.  L. 
Rice,  Arthur  L. 
Sangster,  Wm. 

As  Associates. 

Gachr,  David 
Hill,  Altn'd  J. 
Humphreys,  Walter 
Hurlburt,  A. 


Shallenberger,  L.  R. 
Torrance,  Henr\',  Jr. 


Kellemen,  H.  F. 
Sachers,  R.  J. 
Williamson,  L.  A. 


Promotion  to  Ashoci.^te  Membership. 
Boyor,  Edwin  S.  Powell,  E.  H. 


Alimke,  H.  P. 
Bain,  lienj.  F. 
Baldwin,  J.  E. 
l^all,  F.  F. 
Brissel,  Frank  M. 
Brisley,  E.  B. 
El>erhardt,  H.  J. 
Eicks,  Carl  F. 
Fennell,  Benj.  C. 
Gordon,  Rea  M. 
Hale,Fred'kJ. 


As  Juniors. 

Higgins,  Jno.  W. 
Huning,  Arno  E. 
Ireland,  M.  G. 
Isham,  Henry  S. 
Kerr,  Eugene  W. 
Latta,  M.  Nisbet 
Lewman,  Excrett  A. 
Lindquist,  K.  W. 
Lodetti,  F.  E. 
MacKenzie,  D. 
Major,  Chas.  C. 


Pendleton,  Frank  E. 
Perry,  I'Yank  B. 
Richardson,  H.  S. 
Ruckos,  Jos.  J.,  Jr. 
Swanl)erg,  1-'.  L. 
Taylor,  l.W.,, Jr. 
Van  H()rn(\  J.  R. 
Wales,  K.  A. 
Williamson,  A. 
Young,  (^has.  1). 
Young,  Jno.  M. 
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The  Council  has  also  taken  action  since  the  fii'st  draft  of  the 
report  on  the  following  questions: 

The  Committee  provided  for  by  resolution  at  the  Boston  IMeet- 
ing  to  consider  and  report  upon  the  question  of  Standard  Pro- 
portions for  Machine  Screws,  from  seven-sixteenths  of  an  inch 
downwards,  has  been  chosen  by  the  Council  and  consists  of 
Messrs.  Wilfred  Lewis,  Chairman,  George  M.  Bond,  H.  K. 
Jones,  John  Riddell,  George  Tl.  Stetson,  and  C.  C.  Tyler.  The 
Council  has  given  favorable  consideration  to  the  proposition  for 
a  Committee  on  Standard  Specifications  for  Steel  Forgings  and 
Steel  Boiler  Plate.  This  Committee  was  later  appointed  to  con- 
sist of  Messrs.  II.  W.  Spangler,  Chairman,  E.  S.  Cramp,  "Wm. 
Kent,  Geo.  S.  Morison,  and  Arthur  M.  Waitt. 

The  Council  has  acted  on  the  re(|uest  from  a  Committee  on 
Organization,  who  had  been  engaged  in  elaborating  the  details 
for  the  award  of  a  gold  medal  for  conspicuous  achievement  in 
science  or  industry,  as  a  memorial  of  John  Fritz,  Honorary 
Member  of  this  Society  and  a  Past  President.  The  organization 
provided  that  this  award  shall  be  made  each  year  by  a  Commis- 
sion or  Board  of  Award,  who  shall  also  be  Trustees  of  the  medal 
fund.  This  Board  is  to  consist  of  sixteen  members,  four  chosen 
by  each  of  the  four  national  engineering  societies  now  in  exist- 
ence, and  with  terms  of  office  such  that  the  term  of  office  of  one 
member  of  each  group  shall  exjure  at  the  end  of  each  year. 
Under  the  provisions  of  this  organization,  the  Council  of  this 
Society  has  appointed  the  following  members  of  this  Board: 

S.  T.  Wellman,  to  s(TV(»  for  four  years, 
Robert  \V.  Hunt,  to  sltvc  for  three  years, 
John  E.  Sweet,  to  serve  for  two  years, 
Gaetano  Lanza,  to  serve  for  one  year. 

The  Council  has  also  directed  the  Secretary  to  proceed  to  carry 
out  the  details  for  the  holding  of  monthly  reunions,  during  the 
coming  winter,  in  New  York  City,  for  the  discussion  of  pai:)ers 
and  topics  of  enginooring  interest. 

By  direction  of  the  Finance  (\)mmittoo,  the  accounts  as  pub- 
lished in  the  statements  of  the  Finance  (\>mmittee  and  the  So- 
ciety's accountant,  have  been  scrutinized  by  a  chartered  public 
accountant,  and  tlie  firm  of  Sar<rent,  Payi*  &  Tavlor,  who  have 
])erformed  tliis  duty,  and  have  certi(i(i<[t  to  the  correctness  of  the 
statement  as  printed  in  the  report*' of  the  Council.     After  the 
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reading  of  the  Report  of  the  Council,  the  Report  of  the  Tellers, 
appointed  to  scrutinize  the  ballots  for  members,  cast  in  advance 
of  the  meeting,  was  presented  as  follows: 


Adams,  Edward  M. 
Backlin,  Axel  F. 
Bayley,  W.  D. 
Bernard,  James  L. 
Boland,  Fred'k  A. 
Brett,  Henry  E. 
Brown,  J.  Grove 
Brown,  Jno.  J. 
Brown,  Jno.  L. 
Brj'ant,  Frank  J. 
Carew,  C.  J. 
Comstock,  L.  C. 
Cotton,  Cieo.  G. 
Dalton,  Wm. 
Davenport,  E.  W. 
Dawes,  H.  N. 


Bailey,  Chas.  L. 
Davis,  RolxTt  G. 


Barbour,  CJeo.  H. 
("halmers,  W.  J. 
Emerson,  R.  W. 


As  Members. 

DeLamater,  O.  R. 
Doughty,  A.  J. 
Emmet,  Wm.  L.  R. 
English,  Wm.  T. 
Ferguson,  H.  A. 
Fitch,  C.  E. 
Flint,  Walter 
Gates,  P.  W. 
Gazzam,  Jos.  P. 
GifTord,  R.  L. 
Hills,  Burton  U. 
Hunt,  Chas.  B. 
Hurd,  Chas.  H. 
Jackson,  W.  W. 
Keyes,  Frcdc.  H. 
I^mon,  Jno.  C. 
Ijcpper,  Jno.  G. 


McGregor,  Jno.  A. 
McNairy,  A.  B. 
Moore,  Allen  H. 
Morford,  Thos.  H. 
Pennington,  Jas.  H. 
Piatt,  Wilber  O. 
Robb,  Aubrey,  G. 
Roe,  Joseph  W. 
Sherman,  M.  H. 
Sponsel,  C.  W. 
Stevens,  Jno.  A. 
Stott,  H.  G. 
Thurston,  Geo.  H. 
West,  Arthur 
Witte,  Herman  F. 
Wood,  Wm.  H. 


Promotion  to  Full  Membership. 

Morgan,  R.  h. 
Rico,  Arthur  L. 
Saiigster,  Wm. 


Shallenborger,  L.  R. 
Torrance,  Henr\%  Jr. 


As  Associates. 

Gaehr,  David 
Hill,  Alfnnl  J. 
Humphreys,  Walter 
Hurlburt,  A. 


Kellemen,  H.  F. 
Sac  hers,  R.  J. 
Williamson,  L.  A. 


Promotiox  to  Associate  Membership. 
Boyer,  Edwin  S.  Powell,  E.  H. 


Ahmke,  H.  P. 
Bain,  Benj.  F. 
Baldwin,  J.  E. 
Beall,  F.  F. 
Brissel,  Frank  M. 
Brisley,  E.  B. 
Eberhardt,  H.  J. 
Eicks,  Carl  F. 
Fennell,  lienj.  C. 
Gordon,  Rea  M. 
Hale,  Fred'k  J. 


As  Juniors. 

Higgins,  Jno.  W. 
Huning,  Arno  E. 
Ireland,  M.  G. 
Isham,  Henry  S. 
Kerr,  Eugene  W. 
Latta,  M.  Xisbet 
Lewnian,  Everett  A. 
Lindquist,  E.  W. 
Lodetti,  V.  E. 
MacKcnzie,  D. 
Major,  Chas.  C. 


Pendleton,  Frank  E. 
Perry,  Frank  B. 
Richardson,  H.  S. 
Ruckes,  Jos.  J.,  Jr. 
Swanl>erg,  V.  L. 
Taylor.  F.W.,  Jr. 
Van  Home,  J.  R. 
Wales,  R.  A. 
Williani.^on,  A. 
^'oung,  Chas.  D. 
Young,  Jno.  M. 
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KEPORT  OF  TELLERS. 

The  undersigned  were  appointed  a  Committee  of  the  Council 
to  act  as  Tellers,  under  Article  11  of  the  Rules,  to  scrutinize  and 
count  the  ballots  cast  for  and  against  candidates  proposed  for 
memberhi|)  in  their  several  grades  in  the  American  Society  of 
Mechanical  Engineers,  and  seeking  election  before  the  XLVIth 
meeting,  New  York,  1002. 

They  have  met  upon  the  designated  day,  in  the  office  of  the 
Society,  and  have  proceeded  to  the  discharge  of  their  duty. 
They  would  certify  for  formal  insertion  in  the  records  of  the 
Society,  to  the  election  of  the  following  persons,  w^hose  names 
apj)ear  on  the  appended  list,  in  their  several  grades. 

There  are  49  members  elected,  10  associates  and  33  juniors, 
making  a  total  increase  of  92  names. 

There  were  482  blue  ballots  cast,  of  which  3  were  thrown  out 
because  of  informalities.  Tlie  tellers  have  considered  a  ballot  as 
informal  which  was  not  endorsed. 

Charles  H.  Corbett,  ) 

D.  S.  Jacobus,  >-  TelUrs  of  Election. 

A.  M.  AVaitf.  ) 

This  report  was  received  and  ordered  on  file. 

The  Chair  then  called  for  the  Committee  on  Kules  and  Meth- 
ods, appointed  at  the  Boston  Meeting.  This  report  was  pre- 
sented by  Mr.  Charles  Wallace  Hunt,  its  Chairman. 

Mr.  IIunL — Your  Committee  has  had  the  subject  referred  to, 
under  consideration  since  the  general  meeting  in  Boston,  and 
have  made  a  preliminary  draft  of  Constitution  and  By-Laws, 
which  they  still  have  under  consideration.  They  present,  there- 
fore, the  follo^ving  as  a  preliminary  report. 

REPORT   OF   THE   COMMITTEE   ON   RULES   AND   METHODS,  A.S.M.B. 

The  Committee  on  "  Rules  and  Methods  "  begs  leave  to  report 
that  immediately  after  its  ap])ointment  at  the  Boston  Meeting  of 
the  Society,  a  meeting  of  the  Committee  was  held,  and  circular 
letters  were  sent  out  to  the  members,  asking  for  such  suggestions 
as  would  assist  the  Committee  in  the  work  of  revising  the  Rules 
and  Methods  of  the  Society.  The  summer  vacation  season  pre- 
vented other  meetings  being  held  until  the  seventh  of  October. 
At  this  meeting  there  wore  twenty-six  communications  and  sug- 
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gestions  relating  to  the  work  of  tlie  Comnnttee,  in  reply  to  the 
ciixnilar  letter  sent  out  in  June.  As  some  of  tiie  correspondents 
wisbed  to  apjiear  before  the  Committee  in  person^^  a  special  meet- 
ing of  the  Committee  was  held,  and  several  members  uppeared 
and  presented  oral  explanations  of  the  changes  in  the  Ilules, 
wliieh  they  had  su^gest^d. 

The  meetings  of  the  Committee  which  have  been  held  since 
have  been  employed  in  rearranging  the  order  of  tlie  j) resent 
Rtdes  of  the  Society,  and  formulating  clauses  or  sections  to  em- 
body such  additions,  changes  or  rides  as  immediately  commendeti 
themselves  to  the  Ooniniittee, 

A  very  thorough  examination  of  our  present  Rules  has  been 
made*  These,  with  such  self-evident  verbal  or  other  'changes, 
have  been  type^v^ltten  in  a  convenient  form  for  further  consid- 
eration, but  there  are  important  points  w^hich  have  been  left  for 
more  careful  consideration  by  the  Committee,  as  it  wa.s  thought 
best  to  devote  whatever  time  w^as  then  available  to  tlie  consider- 
ation of  the  general  phraseology  and  arrangement  of  the  Con- 
stitution; and  wiien  this  had  been  approximately  completed,  to 
then  take  up  a  discussion  of  those  important  matters  which  we 
now  wish  to  bring  before  this  meeting. 

The  Committee  desires  to  ascertain  the  wishes  of  the  meml>er- 
ship  of  the  Sotnety  in  relation  to  several  subjects  hereafter  enu- 
merate<l.  Its  object  is  to  embody  perfectly  in  the  draft  of  the 
Constitution  the  wishes  of  the  majni'ity  of  tlie  members  of  the 
Society,  so  far  as  they  can  Ije  ascertained  by  correspondence,  by 
conference  and  the  discussions  at  the  present  meeting  which  we 
hope  will  be  es|>eciaUy  hel]>ful  in  reaching  a  conclusion  on  the 
various  i>oints  on  which  the  Committee  seeks  light. 

QtJKRY   No*    L 

Shall  tht?  dut*a  paid  by  Jiuiiora  increaae  from  year  to  year  until  they  reach  the 
same  jtniount  as  tho^*  of  Associates  or  Members  ? 

QtTERT   No,  2, 

Shall  tlie  Soriety  have  Life  Members?  If  bo,  shall  the  fee  be  increaBed?  If  the 
fee  \i9*  \nvT^t^'t]t  shall  it  l>e  the  same  for  all  ages,  or  i?hall  there  be  a  pro  vision  that 
yoiifigt^r  pt*rs*ins  pay  a  larger  amount  thim  the  older  ones  ? 

Query  No*  3. 

How  many  adveree  votes  shall  defeat  the  electioa  of  a  eaiididate  for  member^ 
ship  in  the  Society  ?  If  a  stjcond  ballot  be  taken,  how  many  adverse  vote*  shall 
tlmn  defeat  an  election  T 
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Query  No.  4. 
Shall  the  Treasurer  be  a  member  of  the  C'ouncil  of  the  Society  ? 

Query  No.  5. 

Shall  the  Past  Presidents  continut*  to  be  members  of  the  Council?  If  they 
remain  in  the  Council,  shall  all  or  only  a  limited  number  remain? 

Query  No.  6. 

How  many  members  should  constitute  a  quorum  at  the  Annual  Meetings  of  the 
Society  ? 

Query  No.  7. 

Shall  the  Constitution  of  the  Society  prohibit  the  endorsement  of  conmienjial 
or  other  schemes  or  standards? 

Query  No.  8. 

Shall  the  Constitution  of  the  Society  give  power  to  the  Council  to  permit  the 
organization  of  sections  or  groups  of  members  of  the  Society  for  professional 
meetings — these  groups  to  be  cither  geographical  or  professional  as  the  circum- 
stances require  ? 

A  complete  review  of  all  matters  under  discussion,  relating  to 
the  Kules  and  Methods  of  the  Society,  requires  such  extended 
consideration  that  it  has  been  impossible  for  the  Committee  to 
make  a  final  report  within  the  time  specified  in  the  resolution 
authorizing  its  appointment.  It  can  now  report  progress,  and 
ask  to  be  continued  until  the  next  meeting  of  the  Society,  when 
they  will  have  their  work  completed,  and  present  a  complete 
draft  of  a  Constitution,  By-Laws  and  Kules. 

C.  W.  Hunt, 
Jesse  M.  Smith, 
December  3,  1902.  D.  S.  Jacobus, 

Committee  07i  ^'  RalcH  and  Methods ^^"^  A.IS.M.E. 

In  comment  on  the  work  which  the  Committee  has  in  hand, 
I  would  refer  to  the  proposed  plan  whereby  the  present  Rules 
under  which  the  Society  has  been  conducted  since  1894,  have 
been  divided  into  three  groups.  The  first  will  be  called  the 
Constitution,  and  will  contain  those  ])arts  which  are  fundamental 
and  when  once  adopted  shall  be  difficult  to  change.  The  process 
of  change  shall  be  after  duo  dcliboi'ation  and  discussion  by  means 
of  a  letter  ballot.  The  execution  of  these  fundamental  principles 
embodied  in  the  Constitution  will  be  put  in  a  separate  division, 
which  will  be  designated  ]>y-Laws.     These  can  be  changed  more 
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easily  than  a  ConstitutioT),  and  it  is  Buggested  that  the  Councilj 
aftor  dtie  notice  and  discussion  on  the  subjoet,  shall  have  authority 
it)  revise  them.  In  addition  to  the  Constitution  and  Uv-Laws  a 
third  division  shall  consist  of  Rules,  which  can  be  changetl  by 
the  Council  at  nny  nicf^ting;. 

If  there  is  any  {nirt  *jf  the  present  draft  which  members  would 
like  to  hear,  I  shall  be  glad  to  read  it. 

The  Comnjittee  ho]>es  that  the  nif-^eting  will  continue  it  that  it 
may  correct  its  draft  in  the  iierht  of  discussion  which  is  now  to 
take  place,  so  that  it  may  report  a  final  draft  at  the  spring  meet- 
ing of  the  Society  for  the  considenition  of  members. 

On  motion  it  was  ordered  that  the  report  be  receivetl  and  the 
Committee  continued. 

2ff'.  George  L.  FovjUr. — I  would  like  to  ask  whether  the  Com- 
mitt<^G  has  itself  prepared  answers  to  the  questions  which  it  has 
embodied  in  its  ]ireliminary  rejiort. 

Mi\  llnnt, — No,  sin  It  has  not  answered  them.  They  have 
been  discusscil  and  on  some  of  the  suljjects  a  draft  has  been 
formulated,  but  we  are  open  to  cliange  the  draft  in  the  light  of 
any  discussion  which  may  occur  here.  If  any  member  has  any 
suggestion  to  tnake  the  Committee  will  be  very  glad  to  hear  it^ 
as  we  appear  here  as  learners,  and  not  as  teachers. 

Mr,  Gmrge  X.  Fomfer,-^!  would  like  to  ask  what  position  the 
Committee  have  taken  in  regard  to  the  question  of  the  adoption 
by  the  Society  of  stjindanls. 

Mr.  Ilfffif. — The  practice  of  tlie  Society,  w^hich  results  from 
a  long  and  earnest  discussion  (in  18S*n  I  think),  was  that  the 
SfKriet}'  will  ni»t,  as  an  organized  bmivj  adopt  any  standards,  or 
rules  of  anv  kind.  That  is  now,  and  has  been  since  that  discus- 
sion,  the  nnwritt-en  law  of  the  Society.  When  a  Committee 
makes  a  report  on  a  subject  w^hich  in  commercial  organizations 
would  he  approved  or  adopteil  as  a  standanl,  that  report  is  re- 
ceived by  the  meeting  at  which  it  is  presented  and  is  ordered, 
jjrintetl  as  part  of  the  IWnmHwm^  to  have  such  weight  and 
authority  as  the  Comnnttee  carries,  by  reason  of  the  arguments 
and  ojiiniona  wddcb  they  have  presented*  The  draft  of  your 
Committee  embodies  this  unwritten  law  in  the  Constitution, 

(hL  IC  iK  Mi^tep, — I  trust  th:it  the  Committee  will  arrange 
to  have  the  full  draft  of  its  report  printed  and  distributed  tc*  the 
members  at  least  three  months  before  the  convention  in  the 
ispring. 
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Mr.  Gii8  C.  Henning. — It  may  be  desirable  to  give  the  Com- 
inittee  a  little  longer  time  for  the  preparation  of  their  final  re- 
port, so  that  I  would  move  as  an  amendment  that  the  Committee 
be  requested  to  report  not  later  than  two  months  before  the  date 
upon  which  this  report  is  to  be  presented  to  the  membership  and 
distributed  to  all  members. 

On  motion  this  resolution  was  carried. 

The  Keport  of  the  Committee  was  then  declared  open  for  any 
further  discussion  which  members  might  desire  to  offer  upon  the 
topics  which  it  covers. 

Mr.  Jesse  M.  Smith  presented  the  following: 

M7\  Jesse  M.  Smith. — I  wish  to  present  as  an  individual  some 
considerations  in  regard  to  the  dues  of  Juniors.  I  have  made 
an  investigation  for  the  Committee  on  Kules  and  Methods,  of 
the  Junior  membership  of  the  Society,  which  I  think  will  be  of 
interest  to  this  meeting.  In  the  Catalogue  of  January,  1902, 
there  are  the  names  of  531  Juniors.  One-third  of  these,  or  177, 
have  been  in  the  Society  for  7  years,  or  longer,  varying  from 
7  years  to  20.5,  or  an  average  of  10.13  years.  This  Society  has 
the  distinction  of  having  some  gray -headed  Juniors.  Two-thirds 
of  the  Juniors,  or  354,  have  now  been  in  the  Society  less  than 
7  years,  averaging  from  1  to  7  years,  and  the  average  is  3.08 
years.  It  has  been  suggested  that  the  annual  dues  of  the  Juniors 
should  be  gradually  increased  until  they  become  equal  to  those  of 
Members  or  Associates,  which  are  now  $15.00.  It  has  been  pro- 
posed to  have  the  Juniors  pay  $10.00  a  year  for  the  first  2  years, 
and  $1,00  additional  each  year  for  5  years.  So  that  after  7 
years  they  would  be  on  the  same  paying  basis  as  other  members. 
Upon  this  basis  the  177  Juniors  who  have  been  in  the  Society 
7  years  or  longer  should  now  pay  an  additional  fee  of  $5.00 
])er  year,  or  $885  annually.  Upon  the  same  basis  the  354  Juniors 
who  have  been  in  the  Society,  on  an  average  of  3.08  years, 
should  pay  an  average  of  $1.08  additional,  or  $382;  or  a  total 
for  these  two  classes  of  $1,267  per  year  of  increased  income  of 
the  Society  at  this  time.  This  sum  would  increase  gradually  to 
$2,655  per  year,  when  all  of  the  531  Juniors  have  been  in  the 
Society  7  years.  The  number  of  Juniors  is  constantly  increas- 
ing, and,  including  those  electeil  at  this  meeting,  reaches  560 
members.  I  have  great  faith  in  the  Junior  membership  of  this 
Society,  and  I  believe  when  the  Juniors  realize  the  situation 
they  will  come  forward  as  young  American  citizens  do,  and  put 
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tlieiiiselves  on  the  same  basis  as  other  niembei^s  who  have  been 
sui>|)urting  the  Society  for  many  years.  It  seems  entirely  un- 
reasonable  that  any  man  could  remain  a  Junior  member  for  20, 5 
years,  and  it  seems  rather  unreasonable  that  one  should  remain 
a  Junior  member  for  10  years. 

Now,  in  order  to  bring  ttiis  question  before  the  Society ,  and 
that  we  may  have  the  ijuestion  discussed*  I  have  proposed  this 
n.*solution  in  general  terms,  so  that  a  full  tliscussion  may  Ix^  had^ 
and  we  may  get  some  mora  definite  iilea  of  what  is  needed : 

litHoh^d^  That  It  is  the  sense  of  this  mf^etirJg  that  the  annual  dues  of  Junior 
niemlx^m  shouJd  be  graduaHy  increased  until  they  beeoiuii  equal  to  those  of 
MrinljprH  or  Associate  rnenibers* 


A  3f ember, — ^I  sei^ond  that  resolution  < 

77te  C^mn/mn,--Gent\omeJi^  you  have  heard  the  remarks  and 
n^soliition  pres*?nted  by  Mr.  Smith,  and  duly  seconded.  This  is 
intended  to  get  an  expression  of  opinion  for  the  guidance  of  the 
Committee  on  Kules  and  Methods  in  their  future  work.  Are 
there  any  remarks  upon  this  resolution  ? 

J//%  'fawe^  JL  Dodg*\ — Would  it  not  be  well  to  incorporate 
intf*  that  resolution,  that  when  the  <lues  of  a  Junior  reach  those 
of  a  memljer,  that  shall  constitute  his  membei*shi|>  in  the  Society ^ 
without  further  action  of  the  CouneiL  What  I  mean  is,  that 
that  fact  alone  shall  constitute  a  Junior  a  member  or  an  associate 
member*  As  it  is  no\v^  they  have  to  be  presented  again  and 
votefl  upon.  I  think  it  wuiild  b^.*  well  to  engraft  in  that  resolu- 
tion this  ffict,  I  see  Mr.  Smith  shaking  his  head.  Perhaps  he 
d<x^sn't  agree  with  me.     Ilow  is  that,  Mr.  Smith? 

3lr,  SmiiL—Hoj  sir. 

J/r.  Dot! fft\— Well,  I  think  it  would  be  well  when  the  dues  of 
any  Junior  member  are  equal  to  those  of  a  Member  or  an  Asso- 
ciate, that  that  alone  should  constitute  his  membership  in  the 
Society,  without  further  action  on  tlie  i>art  of  the  Society. 

Mr,  Gu€  (\  Uemiiuij. — It  has  been  the  custom  of  the  Society 
to  regard  the  Junior  membership  as  a  perirKl  of  probation  and 
that  Junior  members  passing  the  age  limit  of  thirty  years  shonld 
bo  nominate*!  fur  full  uu^mberslii[),  provided  they  were  eligible 
to  such  (jromotion  from  the  character  of  their  professional  work, 
If  the  rate  of  the  annual  dues  is  uiade  progressvie  it  will  cause 
the  Secretary's  office  and  tlie  ac^countaut  a  great  deal  of  trouble. 
As  it  is  noWj  before  a  member  is  accepted  by  promotion,  he 
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makes  his  application  and  the  Society  votes  whether  he  is  eligible 
or  not.  I  do  not  see  why,  because  a  man  pays  a  higher  rate  of 
due  that  by  this  fact  alone  his  membership  or  his  standing  in  the 
Society  should  be  raised.  It  is  not  a  payment  of  dues  which 
covers  the  grade  of  membership  but  his  character  and  reputation. 
In  my  opinion,  the  membership  should  always  pass  upon  the 
qualifications  of  a  man  when  he  seeks  full  membership. 

What  I  would  suggest  would  be  that  the  Council  should  notify 
all  Juniors  when  they  have  reached  the  age  of  thirty,  that  they 
are  then  expected  to  assume  full  membership  in  the  Society,  and 
if  they  do  not  do  so  that  they  no  longer  remain  Juniors,  or  in 
any  relation  to  the  Society. 

In  view  of  this  opinion  I  would  propose  the  following  amend- 
ment: 

Resolved,  that  it  is  the  sense  of  the  meeting  that,  hereafter,  the  date  at  which  a 
man  becomes  eligible  for  full  membership  should  be  so  fixed  that,  upon  the  arrival 
of  a  Junior  member  at  that  age,  he  should  be  notified  by  the  Council  concerning 
the  proper  steps  to  be  taken  in  order  to  assume  full  membership;  the  names  of 
such  persons  shall  then  be  presented  as  candidates  for  full  membership  and  shall 
be  voted  on  in  the  same  way  as  the  names  of  any  new  candidates. 

A  3Ie7nber\ — It  seems  to  mo  that  as  the  matter  stands  now  it 
is  not  very  complicated.  If  a  Junior  member  Avishes  to  continue 
his  membership  and  pay  the  increased  dues,  that  is  his  business. 
If  he  is  eligible  to  advancement  we  are  glad  to  advance  him,  and 
the  rate  of  his  dues  is  a  mere  matter  of  bookkeeping.  Our  ac- 
countant is  certainly  able  to  keep  track  of  the  dates  at  which 
members  join  the  Society,  and  the  question  of  charging  him  with 
an  increased  rate  of  dues  becomes  a  simple  matter  of  record  with- 
out correspondence  or  other  embarrassment. 

Ifr.  Henri/  R.  Toicne. — I  understand  that  the  motion  aims 
merely  to  get  an  expression  of  an  opinion  from  this  meeting. 
Now,  I  am  thoroughly  in  favor  of  Mr.  Smith's  motion,  but  I 
SCO  this  difficulty.  I  think  it  should  include  a  provison  where- 
by, when  the  maximum  rate  of  dues  is  reached,  a  Junior  mem- 
ber thereu})on,  ijmt  fudo,  would  become  an  Associate  member, 
unless  at  that  time  lie  makes  applicaton  to  be  admitted  to  full 
uKMnbership,  in  which  case  his  name  should  be  submitted  to  bal- 
lot. In  other  woiuls,  tliat  ho  becomes  an  Associate  member  at 
the  time  his  duc^s  reach  ihe  full  rate,  unless  he  then  makes  appli- 
cation to  become  a  full  jncmber  and  is  accepted  as  such. 

A  Memher, — I  second  that  amendment. 
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The  Chairman, — An  amendment  to  this  resolution  has  been 
made  by  Mr.  Towne,  and  seconded.  Are  you  ready  for  the 
question  upon  that  ? 

Mr,  Smith, — I  would  like  to  remark  that  I  do  not  accept  the 
amendment,  and  I  would  like  to  have  the  meeting  vote  upon  my 
original  motion.  My  reason  for  this  is  that  a  Junior  member 
may  not  be  eligible  even  to  Associate  membership.  The  quali- 
fication for  Associate  membership  is  higher  than  for  Junior, 
and  that  for  Member  is  still  higher.  Now,  the  Junior  may  not, 
in  the  years  that  he  has  been  in  the  Society,  have  advanced  suf- 
ficiently so  that  his  qualifications  will  even  be  those  of  Associate 
member.  It  seems  to  me  that  if  his  dues  are  increased,  it  will 
behoove  him  to  make  application  for  membership  in  a  higher 
grade,  either  Associate  or  full  Member,  and  that  his  applica- 
tion should  be  made  in  the  regular  way,  the  same  as  any  other 
candidate. 

Mr,  George  S,  M orison, — It  seems  to  me  that  it  is  worth  while 
in  this  connection  to  consider  this  proposed  scheme.  I  consider 
that  the  present  Junior  members  of  any  society  have  certain 
vested  rights  which  the  Society  cannot  fairly  take  away  from 
them;  although  it  may  bo  able  to  do  it  legally  by  an  amendment 
to  the  Constitution,  it  would  hardly  be  fair.  On  the  other  hand, 
it  must  be  remembered  that  Juniors  are  usually  elected  into  any 
society  with  very  much  less  careful  scrutiny  than  is  given  to  full 
members  or  even  Associate  members.  So  that  to  pass,  simply  on 
the  basis  of  time,  into  a  higher  grade  is  passing  members  with- 
out very  much  examination.  If  we  were  going  to  adopt  any 
such  ])lan  it  seems  to  me  that  the  })roper  way  would  be  to  elect 
them  full  Members  at  once  and  i)rovide  for  a  gradual  increase  of 
the  dues.  But  the  ])ractice  in  several  other  societies,  on  both 
sides  of  the  Atlantic,  is  to  recognize  the  Junior  member  as  ])rac- 
tically  a  student  on  probation.  He  takes  his  turn  for  a  term  of 
years.  If  he  becomes  an  engineer  qualified  for  membership  at 
the  end  of  that  term,  his  name  may  be  considered  for  advance- 
ment like  that  of  anyone  else.  If  he  does  not,  that  is  the  end  of 
it.  It  seems  to  \m\  therc^fon*,  that  tlie  proper  way  is  to  provide 
that  any  Junior,  when  he  becomes  .'U  years  old,  if  that  is  the 
age,  shall.  Ipso  fttrftt^  oi^jise  to  bo  a  Junior,  or  to  bo  in  any  way 
connected  with  tho*  Society ;  but  tliat  tliis  regulation  shall  only 
apply  to  Juniors  elected  after  the  adoption  of  the  revised  Consti- 
tution and  By-Laws. 
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A  Member. — In  the  Institution  of  Civil  Engineers  of  Great 
Britain  they  have  a  body  of  membere  who  are  designated  as 
''  Students."  When  such  a  student  reaches  the  age  of  26  years 
lie  ceases  to  be  connected  with  the  Institution  at  all,  unless 
before  the  time  he  is  rejected  his  name  is  sent  in  to  the  council 
for  election  to  the  associate  grade,  and  then  he  is  balloted  for  as 
a  candidate  for  that  grade. 

It  seems  to  me  that  tlie  proposition  made  by  the  Committee 
to  increase  the  dues  of  Juniors  by  successive  additions  is  burden- 
some. I  prefer  the  suggestion  of  Mr.  Morison,  that  when  they 
reach  the  ago  of  31  years  they  shall  drop  from  the  Society,  if 
they  are  not  eligible  for  Associate  membership.  I  think  most 
Junior  members  would  be  glad  to  be  forced  into  the  position 
whereby  they  would  have  to  apply  for  full  Membership  when 
they  reach  the  age  of  31  years. 

A  Meiuher, — There  is  one  point  which  should  not  be  forgotten. 
The  Members  and  Associates  have  votes  in  the  management,  and 
the  Juniors  do  not.  Therefore,  if  a  Junior  is  promoted  regularly 
into  the  upper  grade  by  passing  an  age  limit,  w^e  pass  Ijim  up 
into  the  voting  grade  without  a  scrutiny.  It  is  quite  possible, 
therefore,  that  the  actual  membership  of  the  Society,  voted  in 
the  usual  way,  may  be  entirely  over- weighted  by  the  number  of 
members  who  have  not  really  passed  the  rigor  of  being  voted  for 
as  Members.     This  should  be  taken  into  account  in  our  action. 

Mr,  C,  li,  Gahriel, — I  would  like  to  ask  what  disposition 
Mr.  Smith  would  propose  to  make  of  the  clause  in  Article  18, 
in  regard  to  the  extra  initiation  fee  of  §10.00  to  be  exacted  from 
tlie  Junior  member  in  passing  to  the  Senior  grade.  If  I  under- 
stand the  object  of  this  increase  of  dues,  it  is  to  add  to  the 
ti nances  of  our  Society,  and  if  the  initiation  fee  is  not  exacted 
I  do  not  see  that  there  would  be  very  much  gained.  Now,  the 
addition  to  the  dues  of  §1.00  eacli  year  would  amount  to  $15.00 
in  five  years;  that  w^ould  make  only  an  increase  of  $5.00,  if 
the  member  is  passed  from  the  Junior  to  tlie  Senior  gnule  with- 
out tlu^  jwlditional  initiation  fee.  That  feature  has  not  })een 
mentioned.  1  would  like  to  inijuire  what  disposition  you  Avish 
to  make  of  tliat? 

Mr.  Stuith. — As  I  understand  it,  the  initiation  fee  only  comes 
u])  when  the  Junior  is  ])assiHl  to  a  higher  grade.  If  this  Junior, 
who  has  been  in  the  Society  for  several  years  and  wOiose  dues 
have  increased  to  §15.00,  wishes  to  remain  a  Junior,  why,  he 
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does  not  have  to  pay  the  $10.00  initiation  fee,  but,  if  he  wishes 
to  be  a  full  Member  and  if  he  is  deemed  worthy  of  that  honor 
by  the  Society,  then  he  has  to  pay  the  additional  initiation  fee 
of  $10.00,  which  gives  him  all  the  privileges  of  any  other  Mem- 
ber or  of  any  Associate  member. 

Mr.  Gahriel. — Then  the  result  is  that  he  still  remains  a  Junior 
member  after  paying  the  same  dues? 

Mr.  &jiith, — The  object  is  to  have  all  the  Junior  members 
pass  as  soon  as  possible  into  the  higher  grade,  if  they  are  desira- 
ble, as  Members  or  Associates.  If  they  desire  to  remain  as 
Juniors  and  pay  the  regular  dues  of  Associates  or  Members, 
why,  that  is  the  Junior's  own  affair,  it  seems  to  me;  unless  the 
Society  sees  fit  to  drop  the  Juniors  w^hen  they  come  up  to  the 
point  where  they  should  become  either  Members  or  Associate 
members. 

It  seems  to  me  that  the  whole  drift  of  the  report  I  have  made 
is  to  the  point  that  the  Juniors  shall  gradually  assume  the  re- 
sponsibility of  full  Membership  as  they  attain  the  proper  age  in 
the  Society ;  that  a  man  who  has  been  7  years  in  the  Society, 
should  at  the  end  of  that  time  assume  the  responsibility  of  full 
Membership  in  the  Society. 

Mr.  F.  II.  Siillman. — If  I  understand  the  object  of  presenting 
these  motions,  they  aim  to  find  out  the  feeling  of  the  Society  on 
this  question.  It  seems  to  me,  however,  that  instead  of  motions, 
we  have  a  series  of  suggestions  no  one  of  whicli  is  completely 
covered  by  any  one  of  the  motions  before  us.  I  would  move  that 
these  motions  be  referred  to  the  committee  with  instructions 
that  they  include  in  their  rei)ort  such  of  them  as  they  deem 
wise. 

Mr.  WUliani  Kent. — I  second  this  last  motion. 

Mr.  TliomoAi  It,  Almond. — Sup])osing  tliat  the  man  wlio  has 
made  application  for  Junior  membership  should  be  already  30 
years  of  age  when  he  ai)plies.  What  will  you  do  with  such  a 
man  when  he  has  been  a  Junior  for  7  years? 

Ihe  C7tau'?n(fn.—^T\\e  liWi^wvv  would  be  that  under  the  policy 
which  has  been  under  discussion  such  a  man  wcjuld  not  be  eligible 
to  Junior  membership  in  the  lii'st  phice. 

(V>/.  li.  U.  Mi'ur.  —  Will  theOonnnittc^e  read  the  seetion  of  the 
]>y-Laws  referring  to  the  (jualilications  and  rights  of  an  Asso- 
ciate meml>er. 

Mr.  C.  W.  Hunt. — 1  cjuotc  from  Article  G  of  tlie  present  Itules: 
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"  To  be  eligible  as  an  Associate,  the  candidate  must  be  not  less  than  twenty-six 
years  of  age  and  must  have  the  other  qualifications  of  a  member;  or  he  shall  have 
Ije^n  so  connect^rd  «ith  engineering  as  to  be  competent  to  take  charge  of  woi^ 
and  co-operat/;  with  engineers." 

The  Chairman, — The  motion  is  on  the  question  that  the  reso- 
lution presented  by  Mr.  Smith  and  the  amendments  which  have 
been  made  to  it,  together  with  this  discussion  upon  them,  should 
l>e  referred  to  the  Committee  with  instructions  that  they  include 
in  their  report  their  recommendations. 

On  motion  this  resolution  was  carried. 

Mr,  GuH  C,  Henning, — The  Committee  has  called  the  attention 
of  the  Society  to  the  great  numljer  of  Juniors  who  should  already 
have  been  promoteil  to  full  Membership.  I  now  move  that  the 
Council  lie  instructed  to  send  letters  to  all  Juniors  who  shall 
'have  arrived  at  the  age  of  31  years,  requesting  them  to  apply 
for  full  Membership  in  the  Society,  l)eginning  with  this  meeting. 

Mr,  William  C,  Brown, — I  would  like  to  ask  what  the  alter- 
native would  l>e. 

Mr.  llenainfj, — This  is  a  request  only,  but  it  would  seem  to 
me  that  when  the  question  is  properly  presented  to  the  Junior 
membership,  who  are  eligible,  a  great  many  >vill  take  advantage 
of  it  to  l)ecome  full  Members. 

Mr.  WUliam  Kent, — I  would  suggest  as  an  amendment  that 
the  Council  append  to  such  a  notice  that  section  of  our  Rules 
which  directs  the  procedure  whereby  Junior  members  shall 
become  full  Memters  of  the  Society. 

A  Memher. — It  would  seem  to  me  more  sensible  to  defer  action 
of  this  sort  until  the  whole  question  of  our  By-Laws  has  been 
])resented  by  our  Committee  and  discussed  by  the  whole  Mem- 
IxTship.  A  Junior  meml>er  would  have  a  perfect  right  to  say 
that  he  did  not  want  to  take  the  action  which  the  Council  has 
been  recjuested  to  urge  on  him,  and  he  might  even  consider  it  a 
matter  of  im])ortinence  on  the  part  of  the  Council  to  make  such 
a  r(M|U(ist.  1  fcrcl  that  it  is  due  to  the  Committee  on  Kules  that 
\V(*  should  I(*av(i  this  matter  to  thorn,  at  all  events  until  they 
hav(>  (^\])resse<l,  as  a  Committee,  their  opinion  concerning  an 
arrangement  of  tliis  sort.  The  mere  reference  of  such  a  resolu- 
tion as  has  b(>en  pr(\sente(l  for  action  by  the  Council  does  not 
help  th(^  Committee  out.  We  will  be  adding  to  their  burdens 
ratli(M*  than  trying  to  lessen  them. 

It  would  seem  to  me  to  be  courtesv  and  kindness  to  our  Com- 
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mittee  to  take  a  vote  on  the  question  of  the  treatment  of  the 
Junior  membership  in  order  that  the  Committee  may  be  guided 
l)y  such  an  *^x|>ression  of  sentiment.  If  tlie  njajoritj  are  not  in 
favor  of  doing  an\^hing^  such  action  would  lie  a  way  of  saying 
so.  It  seems  to  me  we  ought  to  let  the  Committee  know  whether 
we  arc  in  symjiathy  with  their  ide^ts  ornot,  and  leave  the  details 
to  them  to  w^ork  out 

Mt\  G^m  C.  IleTini}uf.—liK.j  resolution  was  intcntled  to  be  a 
matter  entirely  distinct  from  the  genend  questions  of  ^xjlicy 
which  we  have  already,  by  motion,  referred  to  the  Committee, 
My  idea  was  to  present  a  resohitioir  which  should  secure  $15.00 
a  year  dues  from  those  Juiiioi^  who  have  been  Juniors  so  lung 
that  they  ought  to  have  l>een  in  the  Society  as  Members^  and 
that  they  should  be  compelled  to  make  that  payment  for  this 
ye^ir*  The  work  of  our  Committee  will  provide  a  policy  for  the 
future  when  their  report  is  reeeived,  Imt  my  resolution  was 
intendwl  to  Ijc  entirely  independent  of  that  discussion  which  we 
have  practically  closed  by  referring  the  subject  of  futui^e  policy 
to  our  Committee. 

J/r.  Smith, — I  arise  to  a  point  of  order,  Mr,  Henning  has 
said  that  this  is  an  entirely  separate  resolution.  Therefore,  my 
point  of  onler  is,  that  it  has  no  bearing  upon  the  resolution  that 
I  offered.  There  are  certain  amendments  which  have  been 
*)ffere<l  l>y  Mr,  Towne,  and  I  think  by  one  or  two  others,  to  my 
res^jlution*  1  reipiest  the  Chair  to  put  the  question  upon  those 
amendments,  and,  if  they  are  carried,  then  to  add  them  to  my 
original  resolution  and  put  the  question  upon  that.  I  think  my 
resohition  is  entitled  to  consideration  by  the  yociety,  and  I 
refjuest  that  the  Chair  put  the  question  upon  it. 

The  Chairmaiu — I  would  say  that  the  meeting  Jias  voted  to 
refer  your  resolution  to  the  Committeej  having  diseusset]  it,  I 
do  not  see  that  witboat  a  vote  to  reconsider  that  action  it  would 
be  proper  to  put  it  before  the  Society  agtiin, 

J/a  Kemu4h  lorranee, — It  seems  to  me  that  we  have  not  done 
^justice  to  tills  Committee  in  referring  the  matter  back  to  the 
Committee  as  we  have*  We  have  had  presented  two  different 
sc*henu*s,  One  by  Mr.  Smith,  and  another,  which  may  be  con- 
sidered, by  Mr.  Moriaon,  and  Me  lK^^'e  referred  those  unacted 
upon  back  to  the  Committee*  I  think  there  is  no  doubt  that 
most  |K^rsons  here  have  an  opinion  as  to  which  of  those  two 
methods  is  the  better  one,  and  1  think  it  would  be  most  fair  to 
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the  Committee  that  we  sliould  express  ourselves  about  them. 
Therefore,  I  would  like  to  move  that  the  action  in  referring  this 
matter  back  to  the  Committee  be  reconsidered. 

The  Chairman. — The  ('hair  would  inquire  if  the  gentleman 
voted  in  favor  of  the  reference  to  the  Committee? 

Mr.  Torrance. — I  did. 

The  Chairman, — Then  you  are  entitled  to  move  for  a  re- 
consideration. 

On  motion  the  question  concerning  the  reconsideration  of  the 
reference  ^vas  ])ut  and  carried.  The  Chair  thereupon  announced 
that  the  original  motion  was  before  the  meeting  with  the  amend- 
ment by  Mr.  Smith,  as  follows: 

Resolvedy  that  it  is  the  sc»nae  of  this  mooting  that  the  annual  dues  of  Junior 
members  shall  be  increased  annually  until  thoy  equal  $15.00. 

The  amendment  by  Mr.  Towne  is:  That  after  the  increase  of 
the  Junior  members'  dues  has  become  equal  in  amount  to  the 
present  dues  of  full  membership,  that  they  shall  then  either 
becomQ  Associate  members  or  shall  apply  for  election  to  full 
membership. 

Mr.  George  S.  Morison. — I  would  like  to  have  the  meeting  con- 
sider my  amendment  that  Junioi's  elected  after  the  amendments 
to  this  Constitution  shall  cease  to  have  any  connection  with  the 
Society  upon  reaching  the  age  of  30  years. 

Mr.  Kent. — If  I  understand  ilr.  Morison's  amendment  that 
a  Junior,  when  he  becomes  30  years  of  age,  shall  cease  to  be  a 
member  of  the  Society — unless  at  that  time  he  applies  either  for 
Associate  or  full  membership — and  also  pays  the  extra  $10.00 
initiation  fee  recjuired  on  such  ])romotion,  I  would  state  my  con- 
currence in  that  idea,  because  I  have  opposed  Mr.  Smith's  orig- 
innl  motion  and  Mr.  Towne's  amendment.  I  do  not  believe  in 
the  gradual  increase  of  dues,  dollar  by  dollar,  nor  do  I  believe 
in  having  the  Juniors  become  Associates  by  automatic  process. 
There  have  been  cases  where  a  man  has  applied  for  membership 
and  where  he  has  been  rejected  by  the  Council,  and  where  he 
would  have  been  severely  black-l^allod  by  the  voting  member- 
ship if  the  (/ouucil  had  i)assed  him,  and  yet,  five  years  earlier 
that  man  would  have  had  no  dilticulty  in  being  passed  to  Junior 
membership;  matters  had  developed  during  the  interval  which 
made  him  a  person  whom  the  Society  did  not  care  to  have  en- 
rolled as  a  Member. 
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With  the  consent  of  the  movers  and  seconders,  Messrs.  Mori- 
son  and  Towne  withdrew  their  amendments,  and  the  question 
came  up  on  the  orighial  proposition  of  Mr.  Jesse  M.  Smith,  that 
the  annual  dues  of  Junior  members  shall  be  increased  gradually 
until  they  become  equal  to  the  present  dues  of  Members.  The 
question  being  put,  the  motion  was  lost. 

Mr.  Morison  then  presented  his  original  amendment  as  a  new 
resolution,  that  Juniors  should  cease  to  be  members  hereafter 
unless,  on  reaching  the  age  of  30  years,  they  should  apply  for 
Associate  or  full  membership. 

The  Chair  put  this  motion  and  it  was  carried. 

Mr.  Jesse  M.  Smith, — I  must  rise  to  ask  for  information. 
What  becomes  under  this  recommendation  and  opinion  of  the 
Society,  of  the  560  Junior  members  now  connected  with  it  under 
the  present  Rules?  May  they  remain  Juniors,  paying  $10.00  a 
year,  indejfinitely  ?  We  caimot  turn  them  out  under  that  policy 
outlined  by  Mr.  Morison,  because  they  have  vested  rights  in  the 
Society. 

Mr,  Ilenning. — It  was  in  view  of  that  fact  that  I  offered  my 
original  resolution.  These  Juniors  now  in  the  Society  under 
that  resolution  must  abide  by  the  result  of  their  application  to 
be  promoted  to  a  higher  grade.  If  these  Juniors  are  acted  on 
favorably  they  will  become  Members  on  reaching  the  age  limit. 
If  they  are  not  elected  they  are  black-balled  candidates,  and 
would  cease  to  be  members  of  the  Society. 

Mr.  Ilenning's  motion  was  duly  seconded  and  was  put  by 
the  Chair  : 

Resolved,  That  Junior  members  on  reaching  the  age  of  31  years  shall  appl)^ 
for  Associate  or  full  membership  in  the  usual  manner,  and  shall  abide  by  the 
vote  of  the  Society  on  their  application. 

A  Member, — It  seems  to  me  that  this  Society  has  no  right  to 
tell  a  man  what  he  shall  do.  Every  Member  desires  that  every 
eligible  candidate  shall  desire  to  come  to  us  with  an  application 
for  membership,  but  we  have  no  right  to  tell  him  that  he  must 
come  or  serve  a  penalty. 

Mr.  James  M.  Dodge, — Our  Rules  state  that  the  age  limit  for 
the  Associate  grade  is  20  years.  It  seems  to  me  that  a  Junior 
should  apply  for  Associate  membership  when  lie  is  26,  and  not 
wait  until  he  is  30  years  old,  which  has  been  set  as  the  age  for 
full  membership. 
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Mr,  George  L.  Fowler, — I  would  like  to  ask  what  the  Junior 
members  are  going  to  do  who  are  now  over  31  years  of  age,  if 
this  meeting  declares  that  a  man  now  a  Junior  who  has  passed 
a  certain  age  limit  shall  pay  $15.00  Junior  dues.  I  think  a  man 
in  this  Society  31  years  of  age,  and  unable  to  pay  $15.00,  has 
something  wrong  about  him.  If  he  has  to  pay  $15.00  the 
chances  are  that  he  will  a])ply  for  higher  grades  of  membership 
with  their  rights  and  privileges.  If  you  make  a  Junior  member 
who  is  31  years  old  and  over  pay  $15.00  dues,  in  my  opinion 
the  thing  will  straighten  itself  out  without  action  by  the  meeting. 

A  Member, — It  seems  to  me  that  we  are  not  quite  fair  to  the 
Juniors  in  this  discussion;  there  are  a  great  many  of  them  who 
are  good  working  members  who  will  luisten  to  come  up  and 
become  full  Merabei's  of  the  Society  if  the  dues  which  they  pay 
are  raised,  and  they  appreciate  the  Society's  need  of  their  in- 
creased payment.  I  think  this  discussion  will  go  very  far 
towards  reducing  the  difficulty.  Many  men  who  have  over- 
looked the  matter  of  the  return  which  the  Society  is  making  to 
them  for  their  dues,  will  hasten  to  become  Associates  and  full 
Members. 

The  Cluiir  then  put  the  question  on  Mr.  Ilenning's  resolution 
that  Junior  members,  on  reaching  the  age  of  31  years,  shall 
apply  for  full  membership  in  the  usual  manner,  and  shall  abide 
by  the  vote  of  the  Society  on  their  application. 

The  motion  was  lost. 

The  next  business  before  the  meeting  was  an  action  upon  the 
amendments  to  Article  45  of  the  Rules  concerning  the  procedure 
to  be  followed  in  making  amendments  to  the  Rules  as  they  now^ 
stand.  The  question  came  up  upon  the  report  of  the  Committee 
on  Rules  and  Methods,  which  had  considered  and  reported  favor- 
ably upon  an  amendment,  in  the  following  form: 

To  replace  Article  45  is  as  follows: 

*'  Thest'  rules  may  he  amended  by  a  ballot  at  any  annual  meeting,  by  the  assent 
of  two-thirds  (5)  of  the  rr)cmhcrs  vnthii],  hi  person,  by  irroxy,  or  btf  letter  ballot, 
provided  that  written  notiee  of  the  propos'.'d  amendments  shall  have  })een  given 
at  the  pix^eeding  regular  meeting,  and  that  a  blank  Ijallot  aeeompanied  by  the 
mover's  reasons  for  the  change  if  he  so  desires,  and  a  eomment  on  the  same  by  the 
Couneil  if  it  so  elects,  sliall  have  been  mailed  to  each  member  entitled  to  vote  no 
lat^T  than  the  time  of  njailing  the  ballot  for  officers  of  the  Society.  The  ballots 
shall  be  voted  and  the  n^sult  canvassed  in  th(»  maimer  pn\scribed  in  Articles  33 and 
34.  Th(»  tellers  shall  inmiediately  certify  the  result  to  the  annual  m(H'ting,  when 
if  the  certificate  shows  that  two-thirds  of  the  votes  cast  are  in  favor  of  the  amend- 
nient,  it  shall  inunediately  take  effect." 
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Mr.  l/enrf/  B.  Toimie, — I  wish  to  offer  a  resolution  tliat  the 
Vote  upon  all  proputied  ajneTtclmetits  to  the  Riile^  shull  be  by  hal- 
lot.  My  inotive  for  making  this  motion  is  that  the  proposed 
amondiiieiit*  i;\hen  sent  to  all  the  voting  membership,  >vas 
acooinpanit:'*!  by  a  i<mn  of  proxy  so  that  all  members  might  ex- 
jrress  their  cjjiininn  even  if  unable  to  attend  the  convention  at 
w^iich  the  vote  is  to  be  taken*  The  Coniiiiittee  have  received  9G 
such  proxies*  and  my  motion  would  be  that  in  order  to  enable 
these  votes  to  l>e  taken  and  eounted,  the  vote  upon  the  amend- 
ment shall  be  taken  by  ballot 

Mr,  Kent  raised  the  ]ioint  of  ortler  that  the  amendment  pre- 
sented by  the  Committee  could  not  bo  eonaiderod  at  this  meet- 
ing, because  it  liad  not  been  presented  in  the  form  recommended 
l>y  the  Committee,  us  refpured  liy  the  provisions  of  the  (kmstitu- 
tion^  at  a  previous  meeting.  The  only  amendments  which,  in  his 
ojnnion,  could  properly  be  taken  up  to  cover  a  procedure  for  an 
amendment  iv  the  Rales,  were  anienclinents  ]>resented  by  Mr. 
C,  W.  Oaker  at  the  New ^  Turk  ^ [en ting  of  a  year  ago,  and 
amendtMl  in  Boston  by  a  slight  change  in  phraseology  so  as  to 
resitl  as  follows: 

.  Ai  any  n»piihir  meetrri^  of  the  Socif  tv  any  meiiibpr  may  propose  in  writing  nn 
t^ndment  to  thesfe  rules,  a  topy  of  aueh  amendment  having  been  filed  T\Tth  the 
('ouneil  at  least  ton  days  I.M*foJiw  Ihi*  npcnm^  of  said  meeting.  Sueh  amendment 
ehall  be  taken  up  by  the  Socict^^  ni  a  following  session  of  the  sanio  meeting,  and 
shnll  1m?  subjet't  to  discussion  and  amendment  and  to  final  aeceptant'e  or  rejeetion 
by  a  mtijority  vote  of  the  members  present  and  voting.  If  it  is  finally  aeeepted, 
it  shall  be  submitted  to  a  lett-er  ballot  of  the  entire  voting  memlx*rship  of  the 
StK'icty^  mtvh  ballots  to  l>e  sent  out  at  the  same  time  as  the  n  >tt  succeeding 
ballot  for  the  eleetton  of  mt* mixers*  A  majority  of  the  ballots  cast  shall  adopt  or 
»jeet  the  amendment. 

3fr,  C  IF,  Ifunt.-^Onv  By-Laws  state  thttt  action  shall  bo 
taken  on  an  amendment  to  tlie  Rules  by  a  two- thirds  vote  of  the 
menil)ers  present.  Tlie  law  under  which  the  Society  acts  states 
that  every  membership  association  can  vote  by  proxy.  The 
courts  have  decided  that  phrase,  **of  4ie  members  present/^ 
means  either  present  in  ]>crson  or  by  proxy*  There  are  about 
1(»0  proxies  here.  They  have  an  absolute  right  to  vote,  and  we 
have  nn  right  to  take  any  move  which  will  practically  tlisfran- 
ciiise  them.  It  sCM^ins  to  me  that  this  vote  can  be  taken  by  raia- 
ing  of  hands,  and  then  the  proxies  can  be  added  to  the  mva  ^vom 
vote.  If  we  must  take  a  bahnt  on  all  amend  ments  and  the  original 
pro)>osition,  it  will  mean  a  loss  of  much  time  and  a  great  delay. 


iiiik 


58  PROCEEDINGS  OF  THE 

Mi\  Towne, — I  ^vill  withdraw  my  motion  and  second  the  ad- 
mirable proposition  of  Mr.  Hunt  that  the  vote  of  those  present 
shall  be  taken  by  show  of  hands  or  viva  voce^  and  tliat  then  the 
Committee  who  have  received  these  proxies  shall  have  the  oppor- 
tunity to  cast  their  vote  of  9G  proxies,  or  whatever  the  number 
may  be,  before  the  Chair  announces  the  result. 

Mr,  C.  W.  Baker. — I  should  not  think  of  pressing  my  amend- 
ment in  competition  with  the  amendments  offered  by  the  Com- 
mittee on  Revision  of  the  Rules,  except  that  it  seems  to  me  the 
Committee  has  overlooked  some  points  which  are  important  in 
drafting  its  amendments.  I  would  like  to  have  the  two  amend- 
ments placed  before  the  meeting  on  equal  footing,  so  that  the 
member  can  take  their  choice  between  mine  and  that  presented 
by  the  Committee. 

Mr,  Towne, — This  subject  is  one  which  has  been  before  us  all 
during  the  last  year,  and  as  I  liave  been  serving  until  lately  on 
the  Committee  on  Rules,  it  is  one  that  I  have  had  occasion  to 
consider  very  carefully.  My  views  concerning  it  have  changed 
in  the  last  two  days  as  the  result  of  discovering  a  defect  in  both 
of  the  pending  amendments,  which  I  think  has  been  overlooked, 
and  which,  when  it  is  explained  to  the  members,  will  cause  them, 
I  think,  to  favor  some  other  method  of  reaching  the  result  which 
those  two  amendments  aim  to  accomplish.  The  existing  Rule  45, 
which  is  the  only  provision  in  our  present  Constitution  for  its 
amendment,  does  not  say  that  the  proposed  amendment,  but 
notfoe  of  the  amendment  shall  have  been  given  at  the  previous 
meeting.  Kow,  I  believe  that  this  language,  fairly  construed, 
opens  the  door  to  this  meeting  for  action  upon  any  proposed 
amendment,  so  long  as  it  is  fairly  germane  to  the  scope  and  pur- 
pose  of  the  original  notice.  Mr.  Baker's  motion  is  before  us,  as 
1  understand,  in  the  form  in  Avliich  he  originally  presented  it 
with  his  Boston  revision.  No  question  can  arise,  therefore,  as 
to  a  vote  being  competent  to  this  meeting  on  that  motion.  Mr. 
Miller's  motion,  also  introduced  at  the  Boston  meeting,  is  also 
before  us  in  its  original  form,  and  can  be  voted  upon  in  that 
form;  and  this  also  is  beyond  question.  Mr.  Miller's  motion, 
amended  by  a  transposition  of  its  words  but  not  changed  in  its 
substance,  has  been  reported  by  the  Committee  on  Rules,  with  its 
endorsement,  and  I  believe  that  this  is  equally  before  this  meeting. 

But  I  want  to  call  the  attention  of  the  members  to  a  defect 
which  it  seems  to  me  exists  in  all  three  of  these  motions.    We 
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have  pending  before  us  a  proposition  to  supersede  our  present 
Rules.  They  are  not  well  arranged,  and  the  Committee  pro- 
posed to  bring  in,  a  year  from  now,  a  new  Constitution,  supple- 
mented by  By-Laws  and  ])robably  supplemented  by  a  set  of  liules 
on  minor  matters.  In  view  of  the  fact  that  the  fundamental  law 
is  to  be  changed  in  this  way,  I  beg  to  suggest  that  we  shoulil  do 
as  little  tinkering  with  the  present  Ilules  as  possible,  as  the  new 
Constitution  and  new  Rules  will  probably  be  in  operation  in  one 
more  year.  It  is  merely  important  that  action  should  be  taken 
now  which  will  provide  a  careful  and  deliberative  method  of 
passing  upon  the  proposed  new  Constitution — the  most  impor- 
tant legislative  matter  that  the  Society  has  ever  had  before  it. 

The  proposed  amendments  by  Mr.  Miller  and  by  the  Commit- 
tee provide: 

These  Rules  may  be  amended  by  ballot  at  any  annual  meeting  by  the  assent  of 
two-thirds  of  the  meml)ers  voting,  in  person,  or  by  proxy,  or  by  letter  ballot,  pro- 
vided that  written  notice  of  the  propsoed  aniendent  shall  have  been  given  at  the 
preceding  regular  meeting,  and  that  a  blank  ballot  accompanied  by  the  mover's 
reasons  for  the  change,  if  he  so  desires,  and  a  comment  on  the  same  by  the  Council, 
if  it  so  elects,  shall  have  been  mailed  to  each  member  entitled  to  vote  no  later  than 
the  time  of  mailing  the  ballot  for  officers  of  the  Society. 

Gentlemen,  you  see  that  under  this  Rule  any  and  every  mem- 
l)er  of  the  Society  can  vote  upon  any  proposed  amendment  to  the 
Rules,  and  that  it  is  mandatory  that  every  amendment  so  pre- 
sented shall  be  printed  and  issued,  accompanied  by  a  ballot,  to 
the  entire  membership.  At  the  Spring  meeting  the  Committee 
ex{>ects  to  report  a  new  Constitution  and  By-Laws.  That  will 
\)0  the  time  to  discuss  that  Constitution,  but  every  difference  of 
opinion  that  arises  in  the  course  of  that  del)ate  may,  under  this 
proposed  Rule,  be  made  the  subject  of  letter  ballot,  because  this 
proposed  Rule  confers  u[)on  any  member  the  right  to  demand  a 
letter  ballot  upon  an  amendment,  stated  in  his  own  terms,  and 
the  entire  membership  must  pass  upon  it  before  it  can  be  dis- 
posed of. 

Why,  gentlemen,  we  will  have  a  flood  of  such  amendments 
which  will  swamp  the  entire  project  and  tie  us  up  for  a  year  or 
two! 

Now,  to  overcome  this  difficulty,  and  to  retain  all  the  other 
objects  sought  in  the  motions  of  Mr.  Baker  and  Mr.  Miller,  and 
in  the  modification  by  the  Committee  on  Rules,  I  submit  this 
resolution : 
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Article  45.  An  amendment  to  these  Rules  may  be  proposed,  or  a  notice 
thereof  be  given  (and  we  want  at  this  meeting  to  take  such  action  or  to  give  such 
notice  as,  under  this  resolution,  will  make  it  compet<*nt  for  us  to  act  a  year  from 
now,  and  to  act  definitely,  on  the  adoption  of  our  new  Constitution,  and  yet  to 
provide  ample  time  and  opportunity  for  discussion,  and  also  to  provide  that,  when 
it  is  put  before  the  meml)er8hip  for  final  votc^  in  the  form  in  which  it  has  been 
pass<'d  by  the  Spring  meeting,  it  shall  come  as  a  concn^te  question  on  which  the 
vot«^shall  be  simply  **  yes*'  or  "no")  at  any  annual  meeting,by  any  two  members  or 
associates  in  good  standing,  and  when  so  presented  in  writing  shall  be  read  to  the 
meeting  and  may  be  discussed  thereat.  A  copy  of  any  amendment  so  introduced 
shall  then  be  distributed  to  the  memelxjrship,  not  less  than  two  months  before  the 
next  ordinary  meeting.  At  the  next  regular  ordinary  meeting  of  this  Society  such 
amendment  shall  be  brought  up  for  discussion,  and  may  be  modified  or  amended 
by  a  majority  vote  of  the  members  present,  in  person  or  by  proxy,  at  such  meet- 
ing. After  such  meeting  a  copy  of  the  amendment  so  presented,  in  the  form 
finally  approved  or  adopted  by  such  meeting,  shall  be  mailed  to  the  membership, 
as  before,  accompanied  by  i^  ballot  by  which  each  member  entitled  to  vote  may 
vote  for  or  against  such  amendment. 

Now,  gentlemen,  in  brief,  that  Rule  means  this:  That  to  adopt 
an  amendment  to  our  Constitution  or  Rules  a  year  hence,  a 
notice  of  the  intention  to  do  so  must  be  given  at  this  meeting, 
and  that  some  time,  not  less  than  two  mouths,  prior  to  our  Spring 
meeting,  that  amendment,  in  concrete  form,  must  be  put  in  type 
and  distributed  to  the  whole  of  the  membership,  accompanied 
by  a  proxy  whereby  members  unable  to  attend  the  meeting  may 
delegate  the  power  to  vote  for  them  to  some  other  member;  that 
at  the  Spring  meeting  the  amendment  so  introduced  shall  come 
up  for  discussion ;  that  the  Spring  meeting  will  have  absolute 
control  over  it;  and  that  that  meeting,  by  the  membership  there 
represented  in  person  or  by  proxy,  shall  cast  the  proposed  amend- 
ment into  its  final  form;  whereupon,  and  at  the  proper  time 
before  the  annual  meeting,  the  amendment  as  thus  perfected  and 
adopted  by  the  Spring  meeting,  accompanied  by  a  ballot,  shall  go 
to  the  entire  membership  for  a  simple  '^  Yes  "  or  "  No  "  vote. 

The  method  is  simple  and  clear;  it  provides  that  one  year  shall 
be  taken  for  any  proposed  alteration  of  our  fundamental  law, 
and  I  submit  that  less  than  one  year  is  not  an  adequate  time 
within  which  to  make  changes  in  our  law. 

Mr,  Kent. — I  am  very  glad  indeed  that  Mr.  Towne  has  stated 
so  clearly  the  argument  against  the  amendment  which  his  Com- 
mittee propose.  I  think  that  he  himself,  holding  these  proxies, 
would  now  vote  them  all  against  that  amendment  of  the  Com- 
mittee.    In  regard  to  this  new  amendment  that  he  proposes,  I 
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see  some  defects  in  it,  an*]  1  think  that  for  the  temporary  pur* 
pose  of  enabling  us  to  vote  on  the  new  Constitution  when  it 
comes  up,  there  is  no  serious  objection  to  Mr,  Baker's  amend- 
ment. I  think  it  is  the  best  form  that  has  been  pro  pose  tL  Ail 
that  Mr*  Towne  can  do  now  is  to  propose  his  amendment  at 
this  Meeting,  and  let  it  be  voted  on  a  year  hence.  Jkit  Mr, 
Baker^s  amendment  is  now  before  us  for  final  (msaage,  and,  if 
passed,  it  will  enable  us  to  change  the  Constitution  as  we  please 
by  its  amendment. 

T/ie  Cfimnnmi. — The  Chair  would  call  the  attention  of  the 
members  to  tlie  fact,  whicli  is  a  matter  of  record  in  our  Tranti- 
a4*tkms^  that  Mr.  Baiter  propose<l  an  amendment  to  Article  45  of 
the  By-Laws  at  the  annual  meeting,  and  again  at  the  Boston 
meeting  he  lirou^ht  the  same  amendment  before  the  Society 
with  some  verbal  clianges.  Mr.  F,  J.  Miller,  at  the  same  IJoston 
meeting-  also  offered  an  amendment  to  that  same  section  of  the 
Kules.  The  Chair  Avould  rule  concerning  this  action^  brought 
before  the  Society  under  the  pn> visions  of  the  present  Section  45^ 
that  since  it  is  not  stated  in  the  By-Laws  that  it  is  necessary  to 
give  the  full  taxt  or  woMing  of  a  jmjtjosition  to  amend,  but 
merely  a  notice  that  an  amendment  is  to  he  offered  for  consider- 
ation at  tlie  annual  meeting,  there  are  three  )>ropositiQns  before 
the  meeting,  A  motion  to  adopt  any  one  of  tliese  will  place  the 
matter  pn>i>erly  before  the  Society  for  dtscussion*  These  propo- 
sitions are  Mr.  Baker *s  amendment.  Mr.  Miller's  amendiuent, 
aud  the  amendment  [)roposed  by  the  Committee  on  Itnles^  to 
which  Mr.  Towne  lias  made  an  amendment. 

Jfn  K^-nt, — Then  I  move  the  consideration  and  adoption  of 
Mr,  Charles  Whiting  Baker's  amendment. 

This  motion  being  duly  seconded,  the  matter  was  before  the 
meeting. 

Mf\  Bith-r, — Mr.  Towne  has  statefl  that  he  finds  the  amend- 
ment which  the  Committee  prnposett  to  be  seriously  defective. 
Now,  it  was  exactly  that  defect  in  the  Committee's  amendment 
which  led  me  to  a.sk  that  my  amendment  should  be  brought 
before  this  meeting,  because  tlie  defect  which  he  points  out  does 
not  exist  in  the  amendment  I  offer ,  Mr.  Smith  suggests  that 
the  ten  days-  notice  to  the  Council  refjuired  by  my  amendment 
will  delaj^  action  on  the  gtniend  amendment  of  the  Rules  now 
pending.  That  is  not  so-  The  action  can  be  taken  at  any  i^g- 
ular  meeting,  and  not  at  the  annual  meeting  only.     The  distin- 
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guisliing  feature  of  the  amendment  which  I  have  offered  as  com- 
pared with  either  Mr.  Towne's  amendment  or  the  (/ommittee's 
amendment,  is  that  before  anytliing  can  be  sent  out  by  letter 
ballot,  or  before  the  Society  can  be  put  to  expense  for  pi'inting 
anything,  it  must  pass  the  gauntlet  of  the  Society  in  convention 
assembled.  That  is  the  point  we  must  be  careful  about.  Other- 
wise it  is  within  the  power  of  any  member  to  bring  in  an  amend- 
ment of  unlimited  length,  and  put  the  Society  to  the  expense  of 
printing  it  and  sending  it  out  to  the  membership.  That  is  ex- 
actly what  I  want  to  avoid. 

To  show  how  my  amendment  will  operate  I  will  illustnite  by 
taking  the  pending  general  amendments  to  the  Society's  Kules. 
It  has  been  proposed  that  these  amendments  shall  be  sent  out  to 
the  members  at  least  two  months  before  the  Spring  meeting. 
Now,  there  is  nothing  in  my  amendment  to  prevent  that.  My 
amendment  simply  provides  that  the  proposed  amendments  shall 
be  presented  to  the  Council  at  least  ten  days  before  a  regular 
meeting.  If  the  amendments  are  put  in  print,  of  course  that 
notice  will  be  given.^  Then  these  amendments  will  all  come  up 
before  the  Society  at  the  Saratoga  meeting,  and  it  can  be  dis- 
cussed there  and  amended,  and  the  members  can  put  them  in 
any  fonn  they  think  best,  and  can  then  either  reject  them  or 
accept  them,  and  order  their  submission  to  the  whole  member- 
ship by  letter  ballot.  The  chief  ])oint  of  my  amendment  is  that 
until  a  pending  amendment  is  approved  by  the  Society  in  con- 
vention assembled,  it  cannot  be  sent  out  to  letter  ballot.  This, 
it  seems  to  me,  is  the  reason  why  mine  will  prove  a  better  work- 
ing plan  for  the  Society  than  either  of  the  other  amendments 
which  have  l)eeu  offered. 

Mr.  Tirinne. — If  the  meeting  will  bear  with  me  I  would  like  to 
(»xp]ain  the  process  which  1  have  sought  to  frame  into  a  rule.  It 
covers  these  very  important  fticts: 

(i)  A  full  year  in  wliich  to  act  u])on  an  amendment  to  the 
fundamental  law.  (2)  That  an  amendment,  when  proposed, 
must  be  put  in  tyi)e  and  distributed  to  the  whole  membership  at 
least  two  months  before  the  meeting,  and  thus  give  to  those  un- 
able to  come  to  the  mecMing  an  o[)]K)rtunity  of  instructing  their 
proxies  understandingly.  ()>)  Any  amendment  so  introduced  at 
the  Spring  mec^ting  sliall  b(»  opcMi  to  discussion  at  that  meeting, 
and  shall  be  put  into  iinal  form  at  that  meeting.  In  other 
words,  it  sliall  receive  the  stamp  of  ap]>voval  of  so  much  of  the 
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Society  as  is  represented  personally  or  by  proxy  at  that  meeting, 
and  then  be  boiled  down  to  a  concrete  form,  and  that  when  so 
reduced  to  definite  form,  the  amendment  shall  go  out  for  ballot 
vote  by  the  entire  membership  on  the  simple  question  of  ''  yes  " 
or  ''no." 

Now,  the  more  you  think  over  what  we  are  trying  to  do,  the 
more  you  will  find  that  these  steps  are  each  of  them  essential  to 
the  best  result  in  a  matter  of  such  fundamental  importance,  and 
that  the  amendment  which  I  have  offered  for  your  consideration 
culls  out  the  good  points  in  all  the  others  which  have  preceded 
it.  The  orderly  way,  as  it  seems  to  me,  of  acting  in  this  matter, 
should  be  to  put^these  several  amendments  in  the  order  of  their 
presentation;  and,  if  I  am  correct  that  the  good  points  of  all  of 
them  are  embodied  in  the  last,  vote  each  one  of  them  down  as  it 
comes  up,  with  the  intention  of  then  adopting  the  final  one.  If 
that  is  adopted,  it  is  so  worded  as  to  make  it  feasible  at  this 
meeting  to  give  such  notice  that,  at  the  December  meeting,  we 
can  act  upon  the  proposed  new  Constitution. 

Mr.  Kent — The  object  of  these  amendments  is  to  enable  us  to 
amend  the  Constitution.  We  should  amend  the  Constitution,  if 
we  do  it  at  all,  in  a  perfectly  legal  Avay.  Some  one  may  raise 
the  point  that  if  we  pass  Mr.  Towne's  amendment  instead  of 
that  which  Mr.  Baker  has  presented  it  would  not  be  legal, 
because  it  had  not  been  presented  in  due  form  at  a  previous 
meeting.  Aside  from  that,  Mr.  Towne's  amendment  is  presented 
at  this  meeting  for  the  first  time,  and  comes  to  us  as  something 
new.  I  would  suggest  that  he  make  his  amendment  a  notice  of 
intention  to  amend  the  liules  a  year  hence.  That  would  narrow 
the  present  considenition  down  to  iMr.  Baker's  amendment,  to 
which  it  seems  no  reasonable  objection  lias  been  made. 

The  C/iairman. — The  Chair  would  rule  that  any  substitute  or 
amendment  to  the  original  amendment  which  has  been  proposed, 
would  be  in  order  if  germane  to  the  amendment  of  which  notice 
was  duly  given.  As  the  matter  now  stands  before  the  meeting 
the  (|uestion  is  upon  Mr.  Baker's  amendment,  of  which  he  gave 
notice  at  New  York  and  Boston. 

A  decision  being  called  for  as  the  result  of  the  vira  voce  vote, 
5S  members  rose  in  favor  and  3S  in  oj)|)osition  to  it.  The  Com- 
inittt^e  hehl  94  proxies  in  favor  of  the  Baker  amendment,  which 
it  decided  to  favor,  making  the  total  vote  in  favor  of  the  ado|)tion 
of  Mr.   Baker's  amendment  ir>2;   38  negative  votes  added  to 
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2  proxies  cast  against  the  amendment,  made  40  negative  votes 
ill  all.  The  Chairman  thereupon  announced  that  Mr.  Baker's 
amendment  had  been  carried  by  a  vote  of  152  to  40. 

Recess  was  then  taken  until  half -past  two,  and  luncheon  was 
served  in  a  room  adjoining  the  meeting  place. 

Extra  Session.     Wednesday  Afternoon,  December  2d. 

The  meeting  was  called  to  order  at  2.30  p.  m.  by  the  reading 
of  the  Report  of  Tellers  of  Election,  as  follows: 

report  of  tellers. 

The  Committee  of  Tellers  appointed  to  count  the  ballots  cast 
by  the  members  for  officers  of  the  American  Society  of  Mechan- 
ical Engineers  for  the  years  1902-]  903,  begs  to  submit  the  fol- 
lowing report : 

Total  ballots  cast 549 

Ballots  thrown  out  unsigned 4 

Ballots  thrown  out  signed  with  ruljber  stamps 0 

Other  informal  ballots 4 

Total  informal  ballots 4 

Total  ballots  countecJ  by  tellers 545 

Of  the  regular  ballot  counted  by  the  tellers  they  would  report 
the  following  result : 

For  Puesident,  • 

James  M.  Dodge 541 

Scattering 4 

For  Vice-Presidents, 

F.  H.  Daniels,  Worcester,  Mass 548 

Jas.  Christie,  Philadelphia,  Pa 547 

John  K.  Freeman,  Providence,  K.I 524 

For  Managers, 

R.  C.  Me  Kinney,  New  York,  N.  Y 541 

8.  S.  Webher/rrrnton,  \.  J 541 

Newell  Sunders,  Cliattimooga,  Tcnn 514 

For  Treasurer, 

F.  H.  Stillman,  New  York,  N.  Y 151 

Wm.  H.  Wiley,  New  York,  N.  Y 264 

NoChoice • 130 
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Our  count  sliows,  therefore,  the  election  of  3fr.  Dexlge  for 
President;  Messrs.  Daniels,  Christie,  Freeman  for  YietvProsi- 
dents;  Messrs.  McKinnoVj  Webber,  Sanders  for  Managers;  Mr, 
Wiley  for  Treasurer. 

Ees|iectfuUy  submitted, 

P,  M.  CHAMBEttLAINj 

William  T.  Boi^^nkk. 


The  Chair  asked  whether  Mr.  James  M.  I)(xl*^e,  President- 
elect, was  in  the  room,  and  on  Mr,  Dodge  rising  in  Ins  place,  he 
asked  him  if  he  would  accept  the  office  of  Presiilent  to  which  he 
had  been  elected.  On  Mr  Dodge  expressing  his  acceptance, 
Messrs,  0-  W.  Hunt  and  Worcester  R,  Warner,  a  special  Com- 
mittee appointe<l  for  this  purjiose,  escorted  the  Prosident-elect 
to  the  platform,  and  Yice-President  Waitt  from  the  Chair  intro- 
dnce<l  Mr,  Dodge  to  the  meeting  and  expressed  the  ho|>e  that 
the  cordial  co-operation  and  considemtion  which  had  been  ac- 
corded his  long  line  of  predecessors  might  be  continued  to  him. 
Mr.  Dodge  in  reply  assured  the  Society  of  his  purpose  to  per- 
form the  duties  of  his  office  to  the  best  of  his  ability  and  with 
an  eye  single  to  the  welfare  of  the  Society, 

Mr*  Gus  C.  Ilenning  presented  before  the  meeting  a  pamphlet 
embodying  a  series  of  resolutions  incorporating  proposefl  amend- 
ments to  the  By-Laws,  and  moved  that  they  be  referred  to  the 
Comndttee  on  Rules  and  MethodSj  as  follows; 

Mr.  Gm  (K  Ilennmg, — A  year  ago  I  presented  these  amend- 
ments which  I  have  in  my  hand,  with  a  veiw  to  having  tliem 
considered  and  discussed.  In  view  of  the  fact  tliat  we  have  liad 
a  consjiderahle  discussion  on  these  questions  and  that  we  now 
have  a  Committee  which  is  instructed  to  look  into  these  matters 
carefully,  and  in  time  to  act  definitely  on  tlieni  a  year  hence,  I 
would  like,  instead  of  talking  any  more  time  of  the  Soceity,  to 
pmsent  the  following  resolution: 

UcMiiJved^ThskX  alJ  pmpoaed  anionflmi^nti*  to  the  Rules  which  ha\'e  bcn^n  formally 
pr»?sfiit4?«J  tluriiiK  tho  pa^sl  ycjar  for  consideration  by  tJm  Society,  and  which  ha-^e 
not  heiintoforo  \H^n  aetfd  on,  be  now  referred  to  the  Committ^^f  on  Rulcsi  and 
Methods  for  conKi deration  in  connection  with  the  other  subject-**  for  the  confiider- 
lUion  of  wliifh  tlie  Committi-e  was  appointedi  and  that  the  membership  of  the 
ComiMitte©  b**  increased  to  five  members. 

This  motion  being  duly  seconded,  was  carried. 

The  Chair  announced  at  a  subsequent  meeting  the  appoint - 
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!n(!Tit  of  McHfirs.  R.  11.  Soulc  and  George  M.  Basford  as  such 
additional  ni(niil)ers. 

'rij(5  noxt  itrdvr  of  business  was  the  consideration  of  the  Report 
of  tlj(^  Coiinnitt(H»  on  Standard  Methods  for  the  Conduct  of  Steam 
lui^in(^  Trials.  The  report  was  presented  by  title  by  Professor 
I).  S.  Jacobus,  Secretary  of  the  Committee,  and  was  followed 
by  |)rint(Hl  discussions.  Mr.  Kent,  after  contributing  his  sug- 
f;(^stions  to  the  Committee,  presented  a  motion  that  the  report 
l)(^  r(^C(»ived,  printed  in  th(5  Transavtiom^^  and  that  the  Committee 
b(^  disclijir^c^d  with  the  thanks  of  the  Society. 

( )ii  motion  this  resolution  was  adopted. 

Professional  papers  were  then  taken  up.  The  first  in  order 
was  th(^  paper  of  Mr.  Frederick  A.  Ilalsey  on  the  Metric  Sys- 
W\\\,  This  |)a|>er  had  been  distributed  quite  widely  outside  of  the 
Society  amon^  tliose  interested,  as  well  as  to  the  membership,  and 
among  those  to  whom  this  invitation  luid  been  extended  to  par- 
ti<'ipato  in  the  discnssion  were  Dr.  S.  W.  Stratton,  Director  of 
the  IhnHNiu  of  Standards  at  Washington,  D.  C,  and  the  Hon. 
J.  II.  Southard,  Chairman  of  the  Conmiittee  on  Coinage,  Weights 
and  Measinvs  of  the  House  of  Representatives.  The  other  par- 
ticipants in  debate,  in  writing  or  verbally,  were  Messrs.  C.  R. 
(iabriel,  (i.  S.  Morison,  II.  II.  Suplee,  \v.  S.  Rogers,  C.  V. 
Kerr,  O.  (\  Woolson,  Percy  Sanguinetti,  E.  P.  Bates,  Spencer 
Miller,  .lanu^s  M.  Uodge,  Wm.  Kent,  11.  R.  Towne,  IT.  D.  Sharpe, 
FihhI  a.  (icier,  (1.  C.  Ilenning,  F.  J.  Miller,  Samuel  Webber, 
W.  W.  (^osby,  James  Christie,  and  C.  J.  II.  Woodbury.  At 
the  close  of  the  discussion  on  this  pa|K»r,  as  the  hour  was  already 
late,  the  meeting  adjourned  until  the  following  morning. 

For  Kill  Skssu^n.     TiirKsp.vY,  December  4th. 

The  uuvnn:r  was  callinl  lo  onler  at  10.15  by  Vice-President 
Wain  in  ilie  Chair.  The  lli*st  oixler  of  business  was  the  presen- 
ia!it>n  of  a  IJejx^rt  from  the  Committee  of  the  Si^ciety  ap[x>inted 
in  l^',^»  lo  pri*|Muv  and  have  in  ivadiness  maierial  in  oppodtion 
to  I  he  compulsory  ailt>pt  ion  of  the  Metric  System.  The  report 
was  as  t\ allows: 

To  \\u    \\\\\\w\\  Sv:rr\  or  Mkohanuwi.  Enoixeers. 

\":-.'  vV'.-  ••"x'v.  >.  v.s/  o."  v.;.irikir.ii  i-.;i>  :,-.-.c:;:  :**.i'v.;  \\\M  in  .ill  s\-sioni5  of  meav- 
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Ufenicnt  cofivrnience  of  forming  mental  ccin captions,  eonvenlence  of  expression, 
wholher  verbal  or  writt'en,  convenient**;  of  conipiitation  and  conwiui  occ  of 
in*'n»or>%  all  require  that  intt^rvals.  distances  m\d  dimensions  shall  br*  rxpn^^f  d  in 
t«'TniJi  of  th«»  livrjBfi-si;  suitable  unit,  supplemented  by  stnallcr  units  when  necessary. 

The  circle  is  di%  ided  into  degrees,  tntnutes  and  seconds*  Time  is  exprt*ssi^d  in 
yt?ars,  months,  days,  hours, ^linutes  and  j^iTonds. 

By  Enjclish-gpeaking  peoples^  geofraphieal  measurement  is  expressc^d  in  miles, 
and  binan,-  divisions  of  the  mile* 

T^and  measurement  iii  exprt*8sed  in  rods,  yanls^  feet  and  ifiehea. 

In  eloth  measurement  and  in  civil  engineering  wt*rks  our  unit  h  the  yard,  with 
its  binary  divisions  . 

In  monetary  divisions,  the  English  employ  three  units— poundsj  shillings  and 
penc*N 

We  lifive  two  units — the  dollar  and  the  eent. 

In  ail  these*  sy&teins  of  measurement,  the  prineiplo  observed  is  to  employ  the 
large**!,  unit  until  it  becomes  necessary  to  resort  to  the  sn^alli/r  ones. 

In  conformity  with  this  principle,  w^e^  in  common  with  all  English-speaking 
jjeij|>li\  *"mj*t<iy  for  nwchaaical  mensun^mcnts  tivo  units,  the  foot  and  the  inch,  and 
divisions  of  the  tattji*r  by  continual  bist^ction.  We  employ  also  dcrinml  divisions 
of  the  inc*li  when  nrecssary,  but  not  otherwise,  finding  the  binary  di\nsioiis  more 
convenient  for  general  \m\ 

ll  will  lie  obscr\'ed  that  in  all  these  sj'stems  these  units,  and  also  their  binari" 
dii'iaione,  have  distinct i^'e  names^  and  so  are  presented  to  the  mind  as  concrete 
reatitieap 

In  defiance  of  the  principle  above  stjitt^d,  the  metric  system  requires  the 
designer  and  constructor  of  machinery  to  employ  a  single  unit,  and  that  the 
smallest  possiltle,  the  millimetre,  nearly  .04  of  an  inch,  and  to  cxprt^ss  all  dimen- 
gionSi  in  t*Tms  of  this  unit  and  to  employ  tbe  decimal  system  i>nly, 

A  comparison  of  the  English  and  French  systems  of  linear  measurement  shows 
am  follows: 

The  French  system  consists  of  a  single  arhitrar)'  unit^  thi'  nietrtr  and  decimal 
division  and  multiple  of  this  unit-  To  this  single  unit  and  tliis  ainglt!  s^^stcm  L»f 
division  the  Metric  System  is  limited. 

The  English  system  consists  of  live  nnits  in  common  use,  wtiich  an?  adapted  to 
to  ihlTerent  dimensions  and  distances,  Irom  the  smallest  to  the  largest;  and  two 
tiystcms  of  division,  the  decimal  s^'stem  and  the  binary  system, 

Tbe  decimal  system  niei:  ts  all  requirements  that  any  decimal  system  could  do, 
and  we  are  free  lo  emjiloy  it  whore\'er  we  choose.  We  might  :ipply  it  to  the 
division  of  any  of  our  five  units,  if  we  saw  cKx^asion  to  tlo  so.  Mechanical  engi- 
n^MTs  find  it  useful  princif>aUy  in  the  smaller  divisions  of  tbe  inch*  Civil  engineejfs 
empiloy  it  In  divisions  of  the  foot. 

The  binary  syat^Mii  is  found  so  much  tlie  more  convenient,  that  it  is  employed 
exclusively  to  pxpress  divisions  of  miles,  rods  and  yards.  The  foot  we  divide  into 
inches.  We  then  return  to  binary  divisions  of  the  inch  and  employ  this  wystein 
for  all  ordinary  ust^s,  resorting,  as  aln*ady  observed,  lo  decimal  divisitms  only 
when  we  are  obliged  to.     The  twTj  sysUMus  worlt  togettier  in  perfect  harmony. 

We  fintl  that  in  linear  measurement  tin*  prop'r  fieKlof  the  decimal  system  is  for 
tlie  expression  of  small  dimensions,  or  those  largiir  ones  that  could  not  be  ex- 
pn*iss«*d  of  hnrwiaei  for  general  use  it  is  out  of  place. 

The  reason  for  this  universal  preference  of  the  binary  s\^3tem  lies  in  this  valuable 
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fratnre.  Tt^  smaller  dh  isix»ns  arc  aliqiiof  paria  i>f  all  laTipter  ilivii^ions  of  the  unit, 
and  t!oiiver9i*ly,  th**  latt^^r  are  all  nniit  Iplcn  of  tJjf  former.  It  is  tUuB  m^si  to  be 
the  nataral  system  of  diviston^eotitiriual  hi^ietion. 

In  addition  to  tiiis,  fmindcd  upon  the  iiiU'n^sfing  relation  l>etwooii  the  two 
engineering  iinitsi,  the  foot  and  the  inch,  we  havi^  a  n^niirkulih^  system  of  sealer, 
t}w  vahi»tile  {general  feature  of  which  is  an  interrelation  similar  to  that  between 
liinary  djviaions  uf  the  unit  above  noted. 

It  will  lie  observed  that  the  Englisli  system  imposes  no  restriction.  We  have 
entire  freedom  of  ehoif?e  and  ns^i  the  decimal  or  the  binant"  divisiorjs  as  we  see  lit. 

Theae  g^reat  adv^antages,  palpable  to  ever>'one,  in  the  judgment  of  your  eont- 
mittee  render  it  c(*rtain  that  before  the  close  of  this  century  the  English  si*natem 
of  linear  mea^surement  will  come  into  universal  uae;  when  the  Metric  System,  so 
far  as  mensurcment.^  are  concerntxl  will  have  disappeared,  as  its  supposed  aclen- 
tifie  foundation  has  done  .aln?ady. 

In  view  of  the  above  factSt  your  committee  offera  tlie  followinjE  resolutions: 

First — Resoivedf  that  the  Mechanical  Engineers  of  thjs  country  are  the  only 
parties  eompfjtent  to  decide  intelliKently  upon  a  system  of  meaaure»¥tpnt  most 
suitable  for  their  own  use, 

Seconti — Resolved ,  as  for  the  bill  now  before  CongresSj  providing  tliat  the  Metric 
System  shall  be  the  legal  system  of  weights  arw/  meamtreK  in  the  United  J^tiites, 
and  making  its  use  obligatory  in  the  government  dcpartment-s,  that,  so  far  «s  it 
alTects  luechanicaL  measupements,  conceived  in  ignorance,  it  is  simply  absurd. 


The  meeting  seemal  unprepared  to  take  action  upon  tbo  reso- 
lutions presented  in  tbe  report,  so  tliat  on  motion  the  I'esolntions 
proposed  by  the  Committeo  were  laid  upon  tlio  toJilo  by  a  rising 
votej  BB  in  favor  of  tlie  motion  to  lay  it  upon  the  table  and  23 
against  it.  The  Chair  declaretl  the  motion  to  lay  the  report 
ui>on  the  tahle  carried. 

It  was  then  moved  that  the  Council  ho  r©cpii?sted  to  consider 
the  appointment  of  a  committt^e  such  as  suggested  by  Mr.  James 
Christie  in  his  paper  read  at  the  previous  session,  upon  the  gen- 
eral question  of  the  preparation  of  the  arguments  for  and  against 
the  adoption  of  the  Metric  System.  It  wiis  Mr.  Christie's  sug- 
gestion that  such  a  commission  shoukl  consist  of  a  dozen  mem- 
bers, of  whom  three  should  be  ehosen  from  the  American  Society 
of  Mechanical  Enginoei's,  three  from  the  American  Society  of 
Civil  Engineers,  three  from  the  Association  for  the  Advancement 
of  Science  J  and  three  from  the  Xew  York  Chamber  of  Commerce. 

It  was  suggesteil  that  additional  members  of  the  commission 
shotdd  be  cliosen  fmm  the  American  Institute  of  EU?ctrical  En- 
gineers, tlic  Franklin  Institute,  and  the  American  Institute  of 
Mining  Engineers.  It  was  on  motion  left  entiinjly  to  the  Council 
as  to  the  choice  of  tlie  conRtitution  of  this  Committee.  It  was  sitg- 
gestetl  that  in  view  of  the  fact  that  this  Society  was  more  eon- 
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corned  with  the  matter  of  measLirements  and  changes  in  the  units 
of  measurement  than  all  other  societies  put  together,  that  it 
woukl  be  a  mistake  to  bring  in  representatives  of  other  bodies. 
The  motion,  as  amended  by  Mr,  JfiJier,  was  tbat  the  Council  be 
rcxioostoil  and  instructed  to  consider  the  question  of  ap{x>intnient 
of  a  cummittee,  as  suggesteil  by  Mr.  Christie  in  his  paper,  and  if, 
in  its  opinion,  this  would  l>o  desirable^  to  confer  with  other  liin- 
dred  societies  in  the  matter  to  bring  abont  the  appointment  of 
a  joint  committee*  A  rising  Tote  being  called  for,  those  in  favor 
of  the  resoUition  were  counted  34,  and  those  opposed  29, 

The  Chair  annonnccil  the  motion  carried. 

In  this  connection  the  following  resolution  was  presented  and 
duly  seconded: 

Whereas,  tlie  tcehnicnJ  pres®,  m  1902,  publbhtnJ  atiitr^mimts  implying  that  the 
Atiw^riniJi  SiM'Hity  of  Mi'diMiiiral  Eiigiin  i-rs  imij  tak*'iv  arliuii  willj*  I  rawing  \is  op- 
jKiftfJtion  to  i\w  tttlopiion  r>f  t?u'  AkMric  SysLciu  an  the  standard  of  wtnghLs  tiud 
itif*iiMiii\*8  lor  tilt?  UTiik*d  SIh1»^s  and 

WhcTra*^  then*  h  no  foundatum  in  fact  for  Buvh  Matc'inenta, 
Thi*refim%  Hemlvetl,  tliat  th*?  society  h<*n^by  meards  IIim  fact  tliat  at  no  time 
htxsli  takon  any  action  nn*rrsing  its  original  attitude  of  oppos^ition  to  i\w  adoption 
of  tbf:  M(.*tric  Syartf^m  or  ^ti8f:^'plibh'  of  wueh  intvrpretatifin. 

Iti  tlie  dehate  tbo  following  exphanations  were  asked  and 
otf oral  t 

Mr.  JamtH  i\  Tolman. — May  I  ask  a  little  further  ex]ilana* 
tion'?  We  have  l»©en  told  thut  this  Societ}'  never  gave  its  assent 
to  any  standai*d^  and  was*  not  to  be  congidered  or  tjuotetl  as  favor- 
ing a  standa!*d  in  any  way,  I  would  like  to  know  what  the 
action  of  the  Society  nmy  have  been,  which  it  is  said  herein 
Iiti8  never  been  rescinded  ? 

The  Secretary, — It  will,  pei^haps,  be  reraenibered  by  the  oltler 
niernl*ers  of  the  Society  that  at  its  first  meeting  in  the  spring  of 
ISso,  Mr,  CoU*mun  Sellers  of  Philadelphia  presented  a  pajmr 
urging  the  arguments  against  the  Metric  System,  Following 
that  jmper  a  letter  ballot  of  the  Society  was  orflered  in  the  sum- 
mer of  1880  on  the  general  question — the  Secretary  does  not 
remember  the  wording — that  in  the  sense  of  this  Society  it  is 
inexpedient  to  urge  the  compulsory  aih:>ption  of  the  Metric  Sys- 
tem, an*l  timt  was  carried  by  the  vote  of  the  Society.  That  was 
directed  to  the  particular  object  to  which  reference  has  been 
made,  and  the  Society  did  put  itself  cm  record  !2'2  years  ago  that 
it  was  against  the  compulsory  adoption  of  the  Metric  System. 
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At  the  concliisioTi  of  this  exi>lanution  and  further  stateTnents 
by  Messrii*  llenning  and  niilsey  ctiocermng  the  policy  of  the 
Society,  the  resohition  was  |>assed. 

The  meeting  then  passed  to  the  reading  and  diBcnssion  of  pro- 
fessional papers,  as  follows: 

It  was  on  motion  resolved  that  until  the  contention  should 
cateh  np  with  the  time  tahle  outlined  in  its  docket,  the  papt'ns 
should  be  read  by  title,  so  as  to  give  full  time  and  op|iortunity 
for  their  discussion- 
Prof,  Sidney  A,  Eeeve,  on  **  Entropy  Anah^sis  of  the  Otto 
Cycle  ";  ^'  Aj>paratns  for  Obtaining  a  Continuous  Record  of  the 
Position  of  an  Engine  Governor/'  by  Mr.  Jos.  C.  Riley;  "^'Flj 
Wheel  Capacity  for  Engine-Driven  Alternatorsj"  by  W.  I. 
Slichter;  ''Heat  "Resistance  the  Reciprocal  of  Heat  Cond  activ- 
ity,"'  by  Mr<  Wm_  Kent;  "A  Forty -four- foot  Pit  Lathe,''  1>y 
Mr.  J.  M,  F>arnay;  *' Finer  Screw  Threads,"  by  Mr,  Charles  f . 
Porter;  ''A  Surveying  Instrument  in  the  Machine  Shop/^  by 
Mr,  C.  C.  Tyler;  '*^Gtft  Propositions  for  Paying  Workmen/' 
by  Mr.  Frank  Richartls;  **  Deflections  of  Reams  by  Graphics/' 
by  Mr,  W,  Trinks,  and  *^  Topical  Discussion  on  Smoke  Con- 
sumption," 

The  participants  in  debate  on  these  various  subjects  were 
Messrs.  SupleCj  C,  V-  Kerr,  II,  E.  Longwell,  Fred  J*  Miller, 
Henshaw,  Pomeroy,  Ilenning,  Christie^  Oberlin  Smith,  (feo.  L. 
Fowler,  E.  S,  Rover,  Hanguinetti,  W.  8.  Rogers,  11.  L,  Gantt, 
McGill,  Alden,  E.  D,  Meier,  Sangster,  Ennis,  ^N orris,  A, 
Bement,  and  E.  P,  Bates, 

CoNOLUDiHG  Session.      Friday  MornikGj  Deckmbkb  5th, 

The  final  session  was  called  to  or<ler  by  Past- President  Charles 
Wallace  Hunt,  at  10,15,  with  a  view  to  seeunng  all  timo  possible 
for  the  re^yling  and  discussion  of  pttpers,  although  the  formal 
session  had  been  set  for  half-past  ten»  The  session  wascunvenetl 
in  the  auditorium  of  the  Society  Ilouse.  Vice-Pi'esideut  Vaitt 
took  the  Chair  promptly  at  the  hour  set  for  opening. 

The  first  paper  was  by  Mr.  J.  T.  Wilkin,  on  '*  Rotary  Pumps,'* 
which  was  discussed  by  Messrs.  Tompkins,  Lane,  Suplee,  Kings* 
bury,  Iltii'nning,  MeRride,  and  Winship.  The  paper  by  Mr. 
IL  M.  Lane  on  a  **  Filing  System  for  Office  Use"  was  discussed 
by  Messrs,  Fowler,  Crosby,  W.  E.  Partridge,  Suplee,  Poineroy 
ajid  Spangler,     The  paper  by  Mr.  A,  F,  Kagie,  entitled  ^^  Anal- 
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ysis  of  the  Coramercial  Value  of  a  Water  Power  per  ITorse  Power 
per  Annum''  was  discussed  by  Mei>srs.  Kent,  Koekwood,  Kpnng- 
ler,  Allen,  and  Lewis*  The  paper  by  Mr.  BartLoloniew  Viola 
on  *' Centrifugal  Machines  '■  was  illustrated  by  models  in  actual 
ojieration  and  questions  svere  asked  by  Messi's.  Kruesi  antl  Kent, 
and  the  concluding  paper  in  the  reguhir  series  was  that  *)f  ProL 
Albert  Kingsbury,  on  '^  An  Oil  Testing  Maclane  and  Some  of 
its  Results/*  which  was  discussed  by  Dr.  It.  H.  Thurston,  Pro- 
fessor Kingsbury  and  Mr.  Kent, 

The  Topical  Discussions,  which  hatl  not  been  reached  at  tlie 
session  on  "Wednesday  morning,  were  then  taken  up  and  cov^erecl 
a  treatment  of  Ehistic  Resistance  which  h  uffered  liy  bodies  to 
the  displacement  of  particles,  i^esulting  in  a  change  of  volume, 
which  was  discussed  by  Messrs*  Henning,  Hale,  Snplee,  liicliards 
and  Kingsbury, 

The  subject  of  Oil  Earners  was  discussed  l>y  Messi's,  Arnold, 
WUHston,  Kent,  Wilkin,  Hand,  Suplee^  Piatt  and  Kingsbury; 
Mcj^rs.  Lewis,  Christie,  Bates,  LaForge,  Kent  and  Rf)gors  pre- 
sentfnl  discui^sion  on  the  subject  of  Se]>amtion  of  Oil  from  Steam, 
On  the  subject  of  Oil  Tem|>ering  of  Steel,  Messrs.  E>  K-  Mark- 
ham,  01>erlin  Smith,  Rogers,  Gabriel,  and  Williston  took  part. 

liy  an  oversight,  matter  which  had  been  contributed  on  the 
Casting  of  Iron  Around  Wrought  Iron  or  Steel  Shafts  was  imssetl 
by  and  deferred  to  a  later  meeting. 

The  Cliairman  then  asketl  at  the  close  of  the  professional  busi- 
ness whether  there  were  any  matters  of  executive  or  new  business 
whicli  members  would  like  to  prcsfmt  before  the  motion  to  ad- 
journ wfis  in  order.  Mr,  E*  M.  Hewlett,  of  Schenectady,  expressed 
the  pleasure  of  the  members  residejit  in  the  neighborltood  of 
Saratoga  that  the  Council  had  given  favorable  consideration  to 
the  proposition  to  meet  at  Saratoga,  and  ou  behalf  of  the  interest 
he  supplemented  the  invitations  which  had  already  been  received. 

The  Secretary  r6c|uesteil  tiiat  authority  miglit  be  given  to  him 
to  return  to  the  Metropolitan  Street  Railway  Company  and  to 
the  cojupanies  npn^ating  the  big  power  stations  which  the  mem- 
bers had  visited  on  Thursclay,  the  proper  votes  of  thanks  in  the 
natne  of  the  Society.  lie  also  gave  notico  of  the  intention  to 
resume  the  practice  of  holding  montldy  reunions,  probably  on 
the  first  Tuesday  evening  of  the  winter  mouths,  pursuant  to 
earlier  announcement. 

On  mutionj  the  Secretary  was  tlircctod  to  return  the  thanks  of 
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the  Society  to  those  corjx) rations  and  individuals  whose  giiests 
the  Society  had  l^eeii  during:  the  contiiiuiince  of  this  annual 
meeting. 

The  C/tairman.—lB  there  any  further  new  busiuesB  to  come 
beforo  the  meeting  ? 

Mr,  Kent. — In  a  conversation  with  a  few  memberB  on  the ' 
subject  of  the  discussion  that  was  liad  on  the  Metric  System  the 
other  day,  it  was  agreed  that  it  had  been  left  in  a  very  unsatis- 
factory sha[>e.     I  therefore  have  this  motion  to  make: 

Moved  J  that  the  Conncil  is  hereby  requested  to  obtiiin,  by 
nieiins  of  a  letter  ballot^  the  sentiment  of  the  members  of  the 
Society  in  regard  to  the  bill  now  before  Congress  making  the 
Metric  System  of  Weights  and  Measures  the  legal  standard  in 
the  United  States. 

Second,  that  t^tich  bidlot  shall  contain  a  reprint  of  the  projiosed 
law  and  two  questions  to  be  voted  on,  "  yos  ^*  or  ''  no  '• : 

(1)  Do  you  approve  of  the  first  paragraph  of  the  propose*! 
Law? 

(S)  Do  you  approve  of  the  second  paragraph  ? 

It  shall  also  request  that  the  member  voting  shall  express 
briefly  his  princpal  re^isons  for  or  against  the  Metric  System  in 
a  statement  not  exceeding  fifty  wonls  in  length. 

In  addition  to  the  member's  signature  to  the  ballot  he  shall 
state  his  title,  ]>osition  or  occupation,  and  state  whether  the  sub- 
stitution of  the  Metric  for  the  English  System  would  have  any 
effect  on  his  business. 

The  Chairman.- — The  Chair  would  have  to  state  in  connec- 
tion with  this  motion  that  it  would  seem  to  be  out  of  order 
at  this  pi*esent  time.  At  the  larger  session  of  the  Society  j^ester* 
day  morning  the  matter  was  brought  up,  but  after  having  spent 
a  gotxl  part  of  the  day  on  the  discussion  of  the  pros  and  cons, 
the  Committee  on  the  Metric  System  suggestetl  certain  resolu- 
tions expressing  a  definite  statement  of  the  sentiment  of  the 
Society-  It  was  vote<l  by  the  membership  at  that  time,  by  lay- 
ing the  resolution  on  the  table,  that  they  did  not  want  to  exi>re^ 
themselves  definitely  in  regard  to  it  at  this  meeting,  and  it  wouhl 
seem  it  would  not  be  proper  to  bring  the  (piestion  up  at  this 
meeting  when  a  majority  of  the  members  decided  that  they  did 
not  want  to  take  it  up. 

3Ir.  Kent.—l  tliink  that  was  entirely  a  different  question^  It 
has  been  decided  for  the  last  ir>  or  SO  years  that  this  Society  will 
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not  as  a  Society  state  that  it  has  an  opinion^  but  it  is  an  entirely 
(lifferent  matter  to  request  the  members  of  the  Society  individ- 
ually to  express  their  opinions  undtn*  their  names*  It  has  no 
relation  to  the  vote  to  lay  on  the  table  the  question  brought  up 
yesterday. 

Mf\  €.  IF.  IIunL — I  trust  that  this  will  not  be  acted  upon  at 
this  late  hour  and  at  the  last  session  of  the  annual  meeting. 
Tills  is  a  matter  to  affect  a  proposed  law  now  before  Congress. 
If  we  enter  into  the  field  of  intiuencing  legislation  in  this  ease 
a  caU  can  reasonably  be  made  for  similar  action  on  any  other 
bill  that  may  hereafter  come  befoi^  Congress.  Infltiencing 
legislation  is,  in  my  view^  entirely  foreign  to  the  objects  of  this 
Society,  which  should  be  a  scientific  bcdy,  a  bcxly  to  hear  and 
record  papers  and  discussions  and  make  investigations  and  re- 
ports on  engineering  subjects.  What  may  or  may  not  l»o  done 
liy  Congress  is  a  foreign  matter.  It  may  concern  a  commercial 
society^  but  does  not  concern  a  scientific  asswiation  ;  and  I  think 
tbat  we  should,  as  a  IxKly,  keep  ourselves  entirely  free  from  com- 
mercial isju.  Any  of  our  members  who  wish  to  join  together  to 
further  or  hinder  the  passage  of  the  Law  are  free  to  do  so,  but 
as  a  society  we  should  keep  entirely  free  from  all  trade-nnion 
and  commerciaJ  temiencies  which  may  be  quite  proi>er  in  other 
associations* 

Mr.  Kent — ^I  would  say  as  to  tlie  ]>olicy  of  tlie  Society,  at  the 
very  first  session  the  Society  ever  had  this  ^vas  cousideral  a 
l)ro|H?r  question  to  take  up.  Every  scientific  society  in  the 
natji>n,  I  believe,  has  discussed  the  question.  Engineering  s*x?i- 
eties  all  over  the  country  and  all  over  the  world  have  discussed 
it,  and  if  this  Society  says  it  will  not  discuss  such  a  question  we 
win  staud  unique  in  the  historv  of  the  world. 

Mr,  IIunL — -I  object  to  his  calling  it  a  scientific  question.  It 
is  not.  There  never  was  any  science  in  it^  and  I  have  got  gray- 
headed  reading  and  hearing  this  assertion, 

17«^  Chiiirmmi, — I  have  not  beard  the  gentleman's  motion 
secondett 

^I  31  emit  r, — I  second  it. 

T/i€  Vhfiirmmi. — It  would  seem  ratlier  a  reflection  on  the 
Committee  who  have  made  the  report  at  this  meeting  if  a 
resolution  of  this  kind  is  passed.  The}^  have  been  asked  to  taki* 
the  matter  up,  and  their  n^port  has  been  received  and  ordered  to 
be  printedj  and  the  resolutions  tliat  wei"e  offeree!  by  them  have 
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been  laid  on  the  table,  and  if  it  should  be  placed  in  the  hands  of 
the  Council  to  go  aliead^  it  would  seem  like  a  reflection  that  tlie 
Committee  Jjad  not  been  competent  to  carvy  out  their  work. 
Although  the  motion  has  been  made  and  seconded,  and,  if  it  is 
desired,  I  will  put  the  motion,  yet  I  would  CiUl  attention  to  the 
fact  that  I  liardl y  think  the  Society,  or  the  nieml>cr  who  iiuule 
the  motion,  wouhl  want  to  rcHect  on  the  Committee. 

Mr,  J" red  J,  Milltf\— The  Committee's  resohitions  I'egarding 
the  propose<l  bill,  if  they  had  been  passed,  woultl  have  constituted 
a  radical  departure  from  the  position  taken  by  this  Society  from 
the  start.  The  Society  haa  always  decided  that  it  would  not  go 
into  such  a  question  or  take  a  ixjsition  on  either  side,  I  would 
have  opposed  a  resolution  endorsing  the  bill  before  Cong!H3S3t 
because  I  do  not  think  the  Society  shoidd  place  itself  on  record 
one  way  or  the  other  by  such  a  I'esolutioii,  I  think  when  we 
have  had  time  to  think  it  over  we  will  all  be  glad  that  we  tabled 
those  resolutions  committing  this  Society  to  an  entirely  different 
course  from  that  which  it  has  heretofore  pursued  regarding  such 
matters. 

Mr,  Ilahet/, ^Engineering  and  scientific  societies  all  over  the 
country  are  voting  upon  this  nmtter,  and  it  seems  a  very  stmnge 
state  of  things  if,  because  of  an  old  tradition,  the  American 
Society  of  Mechanical  EngiueerSj  which  has  more  at  stake  than 
any  other  three  societies  combined,  is  unable  to  learn  the  opinion 
of  its  members, 

Mr.  JTiint — I  think  this  is  an  entirely  unsuitable  time  to  call 
up  a  question  of  this  nnportance.  It  seems  to  me  to  be  both 
unjust  and  unsatisftictoryj  and  it  proceeds  on  the  assumption  that 
the  Society  is  justified  in  doing  this  sort  of  tldng.  In  my  opin- 
ion it  is  a  matter  foreign  to  the  Society  and  its  por|>ose8. 

Mr.  Jlennui^. — ^I  seconded  the  motion  yesterilay  to  lay  the 
report  of  the  Society's  Cominittee  on  the  Metric  System  on  the 
tiible,  on  the  ground  that  the  passage  of  stich  resolution  would 
be  absolutely  contrary  to  those  principles  on  which  the  Society 
has  been  conducted  for  over  sixteen  3^ears*  The  whole  matter 
of  the  attitude  of  the  Society  towards  tlie  Metric  System  hiis 
been  put,  by  resolution  passed  at  that  same  meetings  into  the 
hands  of  tlie  Council j  in  order  that  it  may  take  competent  and 
proper  action  in  conformity  with  the  principles  of  this  Society, 
and,  if  possible^  may  gather  an  expression  of  opinion  from  all 
engineers  and  not  from  one  group  of  them.     I  think  for  these 
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l^*we  should  not  try  at  this  time  to  force  sometliiTig  through 
f  general  meeting  in  a  manner  which  savoi's  of  |>ractical  [xjIi- 
tics,  when  our  Council  has  been  directed  to  take  definite  action 
along  other  lines.  We  do  not  know  what  the  true  facts  in  the 
ea^se  are.  and  I  am  sur]>ristKl  at  the  kist  nionient  of  a  meeting 
that  an  attempt  to  tnrk-e  the  matter  up  in  another  form,  witii 
different  members  present,  after  a  resolution  having  somewhat 
the  same  i)ur|>ort  has  been  ordered  to  He  on  the  table, 

Mr.  Fred  J,  Miller^— 1  do  not  see  that  this  is  the  same  thing. 
The  resolution  adopted  yesterday  providing  for  the  appointment 
of  members  of  this  Society  to  confer  with  members  of  the  other 
societies  and  then  to  express  an  opinion  regarding  the  merits  <jf 
the  law  or  regartling  the  merits  of  the  Metric  Systenij  is  an  en* 
tirely  diiTerent  thing  from  a  proposid  to  obtain  the  opinions  of 
members  of  this  Society  as  indivitluals  regarding  the  law  now 
before  Congress,  or  tbe  Metric  System,  for  that  matter.  The 
two  things  are  entirely  different.  I  do  not  wish  to  be  nnder- 
stootl  as  endorsing  the  enforced  introduction  of  the  Metric  Sys- 
tem siuiply  because  I  do  not  want  the  Soceity  to  oppose  tliis 
propoiR^  law.  I  think  the  two  things  should  be  kept  entirely 
distinct,  but  believe  there  is  a  sentiment  among  a  good  many 
members  of  the  Society  to  the  etfect  tliat  the  mechanical  engi- 
neers of  the  country  are  almost  infinitely  more  interested  in 
standHnls  of  length  and  of  nieasnrenient  than  is  any  other  body 
of  engincH>rs.  I  believe  that  \s  true.  For  that  reason  it  would 
be  perhaps  desimble  that  tlus  Society  should  take  action  of  its 
own,  independent  of  th^  other  engineering  societies,  and  for  that 
reason  I  can  see  no  objection  to  an  effort  being  made  to  call  out 
an  expression  of  opinitm  by  the  members  of  this  Society  on  this 
ijuestion  in  the  same  way  that  has  been  done  by  the  Franklin 
Institute  I  believe,  and  by  the  Western  Society  of  Engineers  I 
am  certain,  and  for  that  reason  I  should  not  oppose  this  resolu- 
tion if  the  Chair  declares  it  in  oMer,  which  I  believe  has  not  yet 
lieen  done.  But  if  such  a  Resolution  is  adopted,  I  should  propose 
an  amendment  that,  inasmuch  as  the  paper  of  Mr.  Ilalsey  and 
the  discussion  upon  it  will  have  to  be  put  in  type  by  the  Society 
at  any  nito,  probalily  little  additional  expense  would  be  incurred 
if  thi*  pajjci*  and  all  the  discussion  complete  were  sent  to  each 
member  with  the  retinest  that  he  carefully  read  it  and  then  cast 
his  vote.  I  think  that  Mr.  Christie's  pai>er,  carefully  read  by 
the  meraljers  of  this  Society,  ought  to  have  considerable  etfect, 
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I  am  sorry  it  was  not  more  g^ene rally  heanl ;  it  was  a  good,  sound 
paper*  It  ougbt  to  be  read  before  deeiding  that  tjuestion.  So 
that  if  the  I'esolution  of  Mr.  Kent  is  in  order  and  is  to  be  voted 
on,  I  propose  an  auiendnient  to  that  effect* 

Ths  Ckitlrmfin. — I  wonlil  state  for  the  members  that  the 
motioQ  as  it  has  Ijeen  made  wouhl  seem  to  be  in  opcler, 

Mr.  Kent — 1  have  no  objection  to  accepting  tliat  amendment. 
What  I  projiose  is^  no  expression  whatever  by  the  Society  as  a 
society,  but  simply  to  use  tlie  clerical  machinery  of  the  Society 
in  order  to  colknjt  together  the  opinions  of  the  men  with  their 
own  signatufcs. 

Thcr  C/ndrman, — What  would  be  done  mth  the  discussion? 

Mr,  Ki^nL — The  whole  matter  would  come  before  the  Publica- 
tion Cooimittee,  to  publish  the  resolutions  in  such  form  as  they 
think  be^t. 

The  Ohmrm^n.—Might  I  ask  Mr,  Kent  Just  what  relation 
this  work  would  have  as  regiirds  the  work  laid  out  for  the 
special  coinmittee  api>ointcd  yestonhiy  U}  take  uyi  tlie  subject, 
nut  only  for  this  Societ3%  but  in  a  broader  way? 

M7\  K^nL- — It  would  have  no  relation  whatever*  That  other 
committee  could  do  the  work  assigned  to  it.  This  is  ine I'ely  a 
collection  of  individual  opinions  of  men  to  write  over  tlieir  signa- 
tures what  they  think  on  the  subject. 

M}\  F.  A^  IL(h*}if. — The  vote  of  yesterday  was  in  accordance 
with  the  same  tradition  that  led  to  the  action  taken  at  tlie  Boston 
meeting  last  spring,  and  yesterday's  action  wiM^  I  believe,  b0 
misunderstmxl  at  Washington  precisely  a^  the  Boston  action  was 
misunderstofxh  I  have  no  doubt  that  yesterday's  vote  will  be 
understood  at  Washington  to  mean  that  the  Metric  advocates 
have  been  able  to  prevent  a  vote  being  taken,  and  I  believe  that 
what  ^ve  have  done  up  to  the  present  time  ^vill  assist  the  passage 
of  the  measure. 

Mf\  Fred  e/,  iW//tv\— Tliis  Stxnety  cannot  avoid  being  tnis- 
understood*  The  action  taken  at  I^oston  was  misuuderstooil, 
1  think,  but  we  always  have  our  records*  If  anybody  wants  to 
find  out  the  action  of  the  Society  regarding  anything  of  this 
kind  he  Ciin  consult  the  reconls;  but  if  he  will  not  do  that,  we 
cannot  prevent  his  misunderstanding.  Anybody  is  likely  to  Ije 
misunderstood  by  i>ersons  who  do  not  take  pains  to  investigate* 

At  the  close  of  the  debate  the  Chair  put  the  question  on  Mr* 
Kent's  resolution,  and  in  that  form  the  motion  was  carried* 
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The  motion  to  ailjnarn  being  in  order,  Vice-President  "Waitt 
ex[>ressetl  regret  that  business  engagements  bad  )>i*eventeti  the 
jresenoe,  at  the  closing  session  of  the  convention,  of  President- 
lect  James  M.  Dodge,  that  be  might  turn  over  to  him  the  gavel, 
which  is  the  emblem  of  authority.  He  expressed  also  his  thanks 
to  the  Society  for  their  courtesy  and  co-ojieration  in  the  work  ot" 
the  Chairman,  and  on  motion  the  convention  adjourned. 

The  evening  of  Wedne^iday,  which  has  nsnall)"  been  left  open 
for  the  convenience  of  members  attending  to  [lersonal  business, 
was  devoted  to  the  discussion  of  the  Metric  System,  The  after- 
noon of  Thursday  was  devoted  to  a  visit  to  the  power  stations 
of  the  Interurban  Street  Railway  Company  at  Xinety-third 
Street,  the  Manhattan  Elevated  Railway  at  Seventy-fourth 
Street,  and  tlie  waterside  station  of  the  Kew  York  Edison  Com- 
pany at  Thirty^eiglith  Street,  The  Interurban  Street  Railway 
Company  arranged  that  the  Metropolitan  Street  Railway  Com- 
pany should  furnish  ft*ee  transportation  by  ticket  for  these 
visits^  The  opportunity  to  study  and  examine,  under  competent 
guides,  these  late  examples  of  largo  unit  practice  in  power  gen- 
eration was  much  appreciated. 

On  tlie  evening  of  Thursday  the  usual  reception  of  the  annual 
meeting  was  held  at  Sherry's,  Forty -fourth  Street  and  Fifth 
Avenue.  The  members  were  received  by  Vice-President  Waitt 
ami  hy  Presiclent-elect  James  M<  Dodge  and  Mrs,  Dodge;  006 
membtjii?  and  guests  were  present. 

On  the  afternoon  of  Friday,  by  the  courtesy  of  Mr.  C.  B, 
Rearick,  of  the  1>- OHer  Engineering  Company,  an  excursion  was 
organized  to  the  works  of  the  De  l^aval  Steain  Turbine  Company 
at  Ti*euton, 
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APPARATUS  FOR  OBTAfNING  A  CONTINVGVS  REC- 
ORD OF  TUB  POSITION  OF  AN  ENGINE  GOV- 
ERNOR  AND  THE  SPEED  OF  THE  ENGINE  WHICH 
IT  IS  GOVERNING. 

BY  JOSEPH  C.   RILEY«  BOBTON,  XA8S. 

(Non-Mi'Uiber.) 

From  the  earliest  days,  when  automatic  devices  were  first  used 
to  regulate  the  speed  of  steam  engines,  attempts  have  been  made 
to  discuss  mathematically  the  motions  of  the  regulators  or  gov- 
ernors. Watt's  original  pendulum  governor,  turning  steadily  on 
its  vertical  spindle  with  but  little  work  to  do,  offered  slight  diffi- 
culty; but  the  almost  innumerable  forms  developed  since  then 
have  so  complicated  the  task  that  equations  dealing  with  all  the 
forces  which  influence  a  governor's  motion  must  usually  contain 
factors  not  only  uncertain,  but  quite  unknown.  Terms  musi  be 
intrcxhicfMl  to  allow  for  that  indefinite  quantity,  friction,  as  well 
as  oxtcrnal  resistance  and  inertia  of  ]>arts  actuated  by  the  gov- 
ernor; and  the  result  is  a  set  of  equations  useful  for  little  more 
than  a  mathematical  study  until  the  unknown  coefficients  can  be 
determined  by  experiment. 

Of  the  many  excellent  steam-engine  governors  in  use,  very  few 
were  (lev(»l()])ed  l)y  mathematical  investigation.  Xearly  all  arc 
the  result  of  re])eate(l  trials  and  continual  iin])rov(»ments  of  types 
already  existing.  But  although  they  are  remarkably  successful 
in  regulating  both  closely  and  quickly,  it  is  none  the  less  true  that 
their  operation  and  proper  adjustment  are  not  generally  under- 
stood. This  statement  applies  particularly  to  shaft  governors 
which  revolve  in  a  vertical  plane,  and  which  usually  actuate  one 
or  more  valves;  for  such  governors  are  not  only  influenced  by 
more  forces  than  ordinary  conical  pendulum  governors,  but  gener- 
ally they  run  at  high  speed  in  a  position  which  makes  it  difficult  to 
study  them.  A  complete  account  of  the  behavior  of  such  a  gov- 
ernor while  actually  regulating  its  engine  has  never  yet  been 

*  Presontod  at  tlio  Xew  York  meeting  (December,  1902)  of  the  American  Society 
of  Meclianical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  TromM/cUona. 
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given*  Tliat  it  would  be  interesting^  to  say  the  least^  has  often 
been  admitted;  and  yet  the  number  of  esperimcnts  which  have 
been  made  to  find  out  what  any  governor  acluaUi/  does  when  gov- 
erning is  far  less  than  the  nimiber  of  equations  which  have  been 
wTitten  to  show  what  it  wovid  do  if  subjected  to  only  those  in- 
fluences which  can,  without  much  difficulty^  be  discussed  in  figures. 

To  obtain  information  of  the  relations  between  speed  and  posi- 
tion and  the  irLfluenee  of  friction  in  governorSj  a  nuniber  of  ex- 
periments were  made  by  W.  G  llibbinSj  under  the  direction  of 
Prof.  E<  H-  Smith,  at  Mason  College^  Bimiingbara^  England. 
Nine  different  governors  were  used;  six  of  them  of  the  ordinary 
throttling  type^  revolving  on  vertical  spindles^  and  controlling 
throttle  valves  ranging  from  1|  to  3^  inches  in  diameter.  Tor 
testing,  each  was  mounted  on  a  special  stand  with  its  valve,  and 
could  ba  driven  at  any  desired  speed  by  means  of  a  belt*  A 
pencil|  clamped  to  the  governor  sleeve,  marked  on  a  rotating 
drimi  and  recorded  continuously  the  height  of  the  sleeve*  From 
mean  ordinates  of  the  diagrams  obtained  for  each  different  speed 
of  an  increasing  and  a  decreasing  series,  a  speed-position  plot  was 
made,  and  the  difference  in  position  for  any  given  speed,  when 
rising  and  again  when  falling,  was  clearly  shown.  Tests  were 
made  on  two  shaft  governors  arranged  to  rotate  between  lathe 
centres^  while  observations  were  taken  of  the  position  of  the  con- 
trol point  and  the  speed  of  rotation.  One  of  them,  a  Turner- 
Hartnell  govenior,  carried  an  eccentriCj  the  position  of  which 
when  nmning  was  determined  by  moving  a  pointer^  carried  on  the 
la  til  c  slide-rest,  until  it  was  just  touched  by  the  eccentric  as  it 
revolved.  After  first  obtaining  the  position  for  each  speed  with- 
out the  eccentric-strap^  the  strap  was  then  put  on^  and  an  attempt 
made  to  approximate  the  vah^e  rcsistiince  under  working  eondi* 
tions  by  means  of  a  spring  attached  to  the  eeeen trie-strap  and  a 
wire  guide  to  keep  the  strap  from  turning.  This  method  of  load- 
ini?  the  governor  is  so  far  from  a  correct  representation  of  the 
actual  conditions  when  running,  that  it  is  difficult  to  see  ho%v  the 
results  can  be  of  practical  value.  In  the  other  shaft  governer 
tested  by  Mr.  Hibbins,  the  centrifugal  force  of  two  weights  on 
right-angled  bell^rank  levers  moved  a  sleeve  lengthwise  along 
the  shaft  and  operated  a  throttle  valve.  The  sleeve  position  was 
read  by  direct  observation  against  a  scale. 

Experiments  similar  to  this  last  have  been  made  by  students 
at  the  Massachusetts  Institute  of  Technologyj  on  a  Buckeye,  No. 
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2,  shaft  governor  mounted  especially  for  experimental  work,  and 
driven  by  a  belt  and  cone-pulleys.  To  the  eccentric  controlled 
by  this  governor,  a  circular  disc  was  fastened,  so  that  it  turned 
about  the  shaft  as  the  governor  weights  changed  their  position. 
The  relative  motion  of  this  disc  was  transmitted  through  two  steel 
tapes  to  a  block  sliding  in  a  slot  in  line  with  the  shaft.  This  de- 
vice could  be  used  both  as  an  index  of  the  governor's  position  and 
as  a  means  of  weighing  the  "  force-power  "  exerted  by  the  gov- 
ernor when  the  speed  was  increased  and  the  weights  restrained 
from  moving  outward. 

It  will  be  noted  that  in  these  experiments  the  governors  were 
tested  on  special  pivots,  not  in  place  on  their  engines.  If  a  gov- 
ernor is  to  be  tested  for  "  geometric  sensitiveness "  influenced 
only  by  internal  friction,  then  it  is  advisable  to  disconnect  from 
the  engine  and  drive  it  from  some  external  source.  In  such  a 
case,  provided  that  positions  are  to  be  observed  only  when  run- 
ning at  constant  speed,  a  simple  form  of  measuring  or  recording 
apparatus  can  be  arranged  for  almost  any  governor.  If,  how- 
ever, the  effect  of  valve  resistance,  external  friction,  and  sudden 
change  in  load  are  to  be  investigated,  if  the  time  necessary  for 
regulation  under  working  conditions  is  to  be  measured  for  com- 
parison with  values  obtained  by  mathematical  calculations,  then 
it  is  necessary  to  test  the  governor  in  its  place  on  the  engine. 
The  results  of  such  a  test  show  what  the  governor  is  doing  when 
actually  at  its  work  as  a  regulator,  and  are,  it  is  claimed,  of 
greater  value  to  a  designer  than  any  tests  where  artificial  means 
are  used  to  imitate  working  conditons.  When  tests  are  conducted 
in  this  manner,  simple  apparatus  for  recording  or  even  for  meas- 
uring governor  position  can  seldom  be  applied.  Shaft  governors 
are  usually  placed  inside  the  rim  of  the  fly-wheel,  often  close 
beside  a  bearing,  a  protected  position  rendering  imnecessary  any 
other  guard  around  the  revolving  weights,  but  a  position  which, 
when  the  engine  is  in  motion,  makes  the  governor  about  as  in- 
accessible for  experimental  purposes  as  can  readily  be  imagined. 
Any  mechanical  device  to  connect  one  of  the  governor's  moving 
parts  with  an  index  traveling  over  a  fixed  scale  in  a  position 
more  favorable  for  observation  would  be  difficult  to  arrange; 
and  even  though  it  were  very  lightly  made,  it  would  impede  free 
action  of  the  governor  gear  by  tlic  effect  of  centrifugal  force  and 
inertia  of  its  parts.  Accordingly,  in  the  following  experiments, 
it  will  be  noticed  that  although  the  motion  of  the  governor  was 
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to  be  investigated,  the  governor  itself  was  evidently  coiisitlered 
quite  inacce&ibiej  and  measi;rements  were  taken  of  the  motian 
of  the  valve-rod,  a  part  controlled  by  the  governor,  yet  in  a  umch 
more  accessible  position. 

In  lbi*a,  Mi\  Walter  Ferris  made  some  tests  on  the  governor 
of  a  New  York  Safety  automatic  engine  at  Lehigh  University* 
This  governor  was  of  the  shaft  type,  and  moved  an  eccentric  in- 
ward and  forward  as  the  si^ed  increased*  A  pencil,  held  in  a 
clamp  on  the  valve-rod,  was  arranged  to  mark  on  a  sheet  of  paper 
moved  by  clockwork  in  a  direction  at  right  angles  to  the  rod,  A 
zigzag  line  was  thus  drawn  from  which  the  length  of  valve  travel 
during  any  particular  revolution  of  the  engine  eould  be  measured. 
Much  more  elaborate  apparatus  for  recording  variation  in  valve 
travel  has  been  used  by  students  at  the  University  of  Illinois, 
The- paper  on  which  the  record  was  taken  Avas  in  the  form  of  a 
long  ribbon  drawn  between  roUs  across  the  line  of  motion  of  a 

^irecording  pencil  clamped  to  a  pantograph,  which  enlarged  the 
lotion  of  the  vah^e-rod.     Iieeords  werr^  taken  from  an  Ideal  eii- 
ginei  10  s  10  inehesj  at  about  310  revolutions  per  minnte.     By 

Lopemng  or  closing  the  circuit  of  a  generator  driven  by  this  en- 

I  gine,  the  load  conld  be  instantly  varied  from  6  to  50  horse-power. 
This  was  certainly  a  severe  test  of  the  governor's  good  quality; 
but  the  diagrams  showed  that  somewhere  in  the  vicinity  of  4 
revolutions  w^ere  all  that  were  necessary  before  the  govcnior  had 
done  itfi  w^ork  and  settled  down  in  its  new  position,  decreasing  the 
valv^  travel  from  2 j  to  If  inches.  Keeords  were  also  taken  to 
fJiow  the  hunting!:  action  of  the  governor  when  adjusted  to  an- 
proximate  isochronism.  An  improvement  in  the  apparatus  was 
if ter wards  made  by  adding  a  second  pencil  faRtened  to  the  a  ma- 

"tnre  of  an  elect ro-ma^^net,  and  arranged  to  make  maikn  at  in- 
tervals at  one  second.  Good  records  wera  obtained  with  this 
apparatus,  but  the  information  tliey  gave  was  very  incomplete 
They  showed  merely  tliat  at  the  moment  when  the  eccentric 
passed  one  of  its  dead-points,  its  distance  from  the  centre  of  the 
i*haf  fc  w^aa  a  certain  amount.  What  this  distance  was  at  any  other 
tune  conld  not  be  told,  A  varying  distance  between  points  across 
tlic  zigzag  line  intbVnted  nothing,  except  tliat  during  a  certain 
time  (not  necessarily  one-half  a  revolution^  on  account  of  varia- 
tion in  angular  advanct*  of  tlie  eccentric), the  ect*entrie  had  chan'zed 
iU  position.  The  exact  time  of  the  change  vfm  unknown.  To 
be  sure  J  the  time  required  for  one-half  a  revolution  at  310  revo- 
0 
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lutions  per  minute  is  not  very  long;  but  it  will  be  shown  later 
that  even  in  so  brief  an  interval  tl\(B  governor  of  a  much  larger 
engine  than  this  can  perform  motions  both  interesting  and  im- 
portant. 

Professor  Jacobus  once  obtained  records  of  the  distance  be- 
tween eccentric  and  shaft  of  a  50-horse-power  Ball  and  Wood  en- 
gine. He  attached  a  pencil  directly  to  the  eccentric,  and  made  it 
draw  a  spiral  diagram,  the  locus  of  the  centre  of  the  eccentric 
as  it  revolved  about  the  shaft  at  varying  radius.  Though  no 
record  of  time  was  produced,  approximate  time  intervals  in  terms 
of  one  revolution  could  easily  be  obtained  from  angles  measured 
at  the  centre  of  the  diagram.  This  device  served  to  compare  the 
action  of  the  governor  when  running  with  and  without  a  dashpot 
to  dampen  its  oscillations.  However,  the  records  which  could  be 
taken  were  necessarily  of  brief  duration,  limited,  in  fact,  to  four 
or  five  revolutions ;  in  a  longer  time,  the  line  drawn  would  cross 
and  recross  itself  and  become  indistinguishable.  A  device  of  this 
sort  would  not  be  generally  applicable  for  experimental  work. 
It  could  hardly  be  used  at  all,  unless  the  eccentric  were  in  an 
exceptionally  accessible  position,  near  the  end  of  the  shaft,  and 
probably  outside  the  fly-wheel. 

None  of  these  devices  can  furnish  data  sufficiently  precise  or 
complete  to  adapt  the  theoretical  equations  to  practical  use  in  de- 
signing. A  device  satisfactory  for  expermiental  use  should  show 
the  position  of  the  governor  and  the  time  required  for  any  given 
change  in  position,  or,  what  is  more  interesting  in  the  study  of 
inertia  governors,  the  rate  of  change  in  velocity  during  that  change 
in  position.  It  should  show  not  only  the  distance  from  centre  of 
eccentric  to  centre  of  shaft,  but  also  the  relative  angular  position 
of  the  eccentric  with  respect  to  the  crank  and  of  the  crank  with 
respect  to  the  line  of  dead-points.  It  should  be  applicable,  in  one 
form  or  another,  to  any  engine,  yet  of  such  a  nature  that  it  will 
not  impede  free  motion  of  the  gear  or  alter  it  in  any  way.  Since 
changes  in  governor  position  take  place  so  quickly,  the  -apparatus 
should  produce  a  permanent  record  of  both  position  and  time; 
and  the  time  intervals  shoijld  be  marked  in  such  a  way  that  they 
may  be  made  as  short  as  desired. 

The  apparatus  now  to  be  described  fulfils,  in  a  measure,  nearly 
all  these  requirements.  It  produces  on  a  strip  of  paper,  in  parallel 
lines,  so  that  they  may  be  compared,  an  almost  continuous  record 
of  the  position  of  a  "^f  the  governor;  a  record  of  time  in- 
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torrals  of  any  duration  even  to  a  small  fraction  of  a  second;  a 
record  of  the  angular  po^sition  of  the  crank,  as  many  timos  in  one 
revolution  as  may  be  desired ;  and  an  automatic  record  of  change 
in  load  on  the  engine,  or  any  other  event.  The  records  are  made 
by  electrolytic  decomposition  of  a  chemical  salt  absorbed  by  the 
paper  which  is  drawn  under  a  series  of  recording  styles  while  it 
18  still  damp.  The  solution  used  in  this  work  was  yellow  pmssiate 
of  potash  and  ammonimn  nitrate  in  water.  The  passage  of  even 
a  very  weak  current  of  the  briefest  imaginable  diiration,  from  the 
recording  style  (a  piece  of  steel  wire)  through  the  paper,  produces 
a  clearly  defined  mark  of  Prussian  blue.  Chemical  action  takes 
place  only  while  the  current  is  passing,  so  that  if  the  electrical 
circuit  through  any  one  of  the  styles  is  eontinnally  made  and 
broken,  the  record  produced  is  a  series  of  sort  dashes  separated 
by  spaces  whose  length  depends  upon  the  speed  of  the  paper. 
Time  intervals  are  recorded  by  momentary  closure  of  the  cir- 
cuit through  one  style  by  a  seconds  pendulum  swinging  through 
a  globule  of  mercury;  briefer  intiirvals^  by  rapidly  interrupting 
the  current  through  ajiother  style  by  means  of  an  electrically 
driven  tuning-fork.  Provided  the  time  intervals  are  short  enough, 
uniform  motion  of  the  paper  is  not  essential. 

The  apparatus  can  best  be  described  and  the  method  of  record- 
ing governor  position  made  clear  by  explaining  it  as  used  in  connec- 
tion with  an  engine  from  wliicb  records  are  to  be  shown. 

The  engine  is  a  Mcintosh  and  Seymour  tandem  compound,  11 
and  19  by  15  inches,  in  the  Engineering  Laboratory  of  the  Mas- 
sachusetts Institute  of  Technology.  The  governor,  shown  in  Figs. 
1  and  2  has  two  weights,  pivoted  at  B,  ^^'bicli  by  swinging  outward^ 
away  from  the  shaft j  cause  the  "  pendulum/'  shown  by  heavy  lines 
in  Fig.  2,  to  swing  upward  about  its  pivot,  C  A  curved  slot  in  the 
penduliun  surrounds  the  shaft.  Fastened  to  the  pendulum  is  an 
eccentric  which  actuates  a  piston  valve  for  the  high-pressure  cyl- 
inder, Ont%vard  motion  of  the  governor  weights  causes  inward 
motion  of  the  pendulum,  so  called  because  it  carries  the  eccentric 
inward  toward  the  shaft.  Pivot  C  is  so  placed  with  reference 
to  the  crank  that  inward  motion  of  the  pendulum,  in  response  to 
increased  speed,  increases  the  angular  advance  of  the  eccentric 
besidei  decreasing  its  throw*  The  angular  motion  of  the  pendulmn 
between  extreme  positions  is  7.3  degrees.  A  horseshoe-shaped 
spring  acts  through  two  adjustable  rods  to  force  the  governor 
weights  inward. 


.^1^ 


POSITION   OF   EKOINE  GOVEBNOR  AND  ^EED    OF   ENGINE, 


85 


The  *^  position-pomt,'^  Tig,  3,  was  fastened  to  tlie  pendulum  at 
Af  Fig.  2,  so  tliat  it  s^mug  about  C^  in  an  arc  of  23.41  inches 
radius.  Its  extreme  end  is  just  visible  in  Fig.  1.  Its  angular  dis- 
tance from  its  initial  position  is  to  be  shown  by  the  record, 

Fiir.  4  shows  l^osition-l>k>ck  No*  1,  the  first  one  used.  It  con- 
sisted of  26  thin  strips  of  brass  and  two  thicker  ones  insulated  by 


Fk^.  ii. 


stnps  of  hard  rubber,  bolted  fimily  together  and  finished  sinootbly 
on  top.    This  block,  on  its  wooden  support,  was  securely  fastened 


Fig.  4. 


to  the  fly-wheel  in  such  a  place  that  the  position-point  traversed 
its  face  wdth  very  slight  friction.  The  strips  were  numbered 
from  4  to  31,  4  being  nearest  the  outer  position  of  the  position- 
]>t)int,and  31, one  of  the  two  widu  strips,  being  at  the  extreme  inner 
|*osition.  The  greatest  possible  motion  of  the  position-point  was 
about  I  inch  more  than  the  width  over  all  the  strips.  A  wire  was 
aldered  to  each  strip,  and  the  cable  formed  from  these  was  led 
llong  an  arm  of  the  fly-wheel  to  a  device  at  the  end  of  the  shaft, 
wbichj  for  want  of  a  better  namei  wdU  be  called  the  ^^commutator.'^ 
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This  bad  30  brass  rings  insulated  by  rubber  washers  of  slightly 
larger  diametor  aad  numbered  from  1  to  30^  begin iiiug  next  the 
wheel.  To  the  inside  of  ring  4  was  fastened  the  wire  from  strip  4, 
and  so  on  to  30*  The  wire  from  strip  31^  not  having  a  ring  of  its 
Qwn^  was  connected  to  ring  4.  From  ring  3^  a  wire  led  back  along 
the  cable  to  a  point  where  it  ^'as  spliced  to  a  ligbt^  flexible  cord 
leading  to  the  position-point.  A  current  to  the  commutator  at 
ring  3  would  pass  in  along  this  wire,  thruugh  the  position-point,  to 


-TA    % 
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whatever  atrip  the  point  might  be  touching,  and  back  to  the  cor^ 
responding  ring  on  the  commiitatorj^  from  which  it  was  taken  ofE  by 
the  brush  seen  in  Figs.  5  and  6  and  sent  to  its  proper  style  over  the 
recording  roll.  Eing  2  was  not  used.  The  current  to  ring  1  went 
to  the  contact  points  on  the  counter  disc  at  one  end  of  the  com- 
mutator and  was  taken  off  by  a  special  brush,  seen  in  Fig,  6,  and 
sent  to  the  counter  style. 

There  were  ten  of  these  contact  points,  equally  spaced.  One  of 
them,  somewhat  longer  than  the  rest,  made  contact  witii  the  brush 
just  as  the  engine  passed  its  head-end  dead-point. 

The  paper,  having  been  soaked  tn  its  solution  and  then  partially 
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dried,  was  wound  on  a  wooden  roll  at  the  left  of  the  roll-frame, 
Fig-  6  J  from  here  it  passed  np  between  a  steel  roll  and  the  record- 
ing styles,  and  thence  through  a  pair  of  feed  rolls  driven  by  a 
motor.  Current  for  the  motor  came  through  the  lower  plug  and 
eord;  current  for  all  the  records  through  the  upper  plug  and  cord, 
the  negative  wire  returning  from  the  roll  frame  and  the  positive 
leading  through  suitable  lamp  resistance  to  the  various  eircuita. 
Each  style  was  a  piece  of  wire  rounded  at  the  point,  forced  through 
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a  hole  in  a  block  of  wood,  carefully  aligned  and  connected  to  its 
proper  circuit*  Style  1^  farthest  from  the  motor^  was  in  the  circuit 
of  a  seconds  pendulum,  already  mentioned;  No.  2  was  the  counter 
style  and  made  one  long  and  nine  short  dashes  each  revolution. 
Records  of  short  intervals  of  time  mil  be  mentioned  later.  Style 
3,  the  signal  stylcj  was  used  to  record  the  instant  of  changing  the 
engine  load*  Its  circuit  could  be  closed  by  a  telegraph  key  or  auto- 
niah'cally  by  a  wiping  contact  on  the  handle  of  a  clutch  overhead 
on  the  main  shaft,    Tlie  latter  was  used  for  all  records. 

The  engine  was  loaded  by  a  friction  brake  and  a  rotary  pump 
driven  through  the  clutch  just  meDtioned*  By  snapping  out  the 
chiteli,  the  engine  was  relieved  of  the  pump  load. 

A  specimen  record  sho\\ing  the  behavior  of  the  governor  and 
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speed  of  the  engine  during  a  sudden  change  in  load  is  shown  in 
Fig.  7.  For  certain  reasons  this  particular  record  seemed  well 
suited  for  illustration,  although  the  governor  was  not  adjusted 
to  regulate  very  closely.  The  following  table  will  serve  to  inter- 
pret the  record: 


Number  of  position  Ptrip  and  position  record. 

10 

13 

16 

19 

22 

Displacement  in  degrees  of  gov 
emor  pendnlnm  Trom  extreme 

Outside  edge 
of  strip. 

1.72 

2.43 

3.14 

3.86 

4.57 

oaiside  pocition,  1.0.,  position 
when  at  rest. 

Inside  edge 
of  strip. 

1.87 

2.58 

3.31 

4.04 

4.75 

The  engine  speeds  have  been  computed  by  taking  from  the 
record  the  number  of  revolutions  and  tenths,  with  hundredths  by 
estimation,  during  one  second  before  and  one  second  after  any 
given  second,  and  multiplying  by  30.  The  result  in  revolutions 
per  minute  is  recorded  underneath  the  given  second  and  marked 
E.P.M.  An  even  number  of  seconds  must  be  chosen  for  the 
count,  so  that  the  time  interval  may  be  from  one  instant  when 
the  pendulum  makes  contact  until  it  makes  contact  again,  swing- 
ing in  the  same  direction.  This  prevents  any  error  due  to  a  large 
globule  of  mercury.  The  record  shows  that  with  the  engine  run- 
ning at  a  speed  of  228  revolutions  per  minute,  the  clutch  was 
snapped  out  about  5.62  seconds  after  the  recording  apparatus  was 
started.  Cards  taken  simultaneously  on  four  indicators,  immedi- 
ately before  and  again  soon  after  this  change,  show  a  decrease  from 
145  to  82  indicated  horse-power.  At  that  moment  the  engine,  on 
its  return  stroke,  had  not  quite  reached  its  head-end  dead-point. 
The  position-point  carried  by  the  governor  pendulum  was  moving 
on  and  off  strip  number  10,  about  1.8  degrees  from  its  extreme 
outer  position.  As  this  is  not  an  inertia  governor,  considerable 
change  in  speed  is  necessary  to  start  the  governor  weights  outward, 
yet  after  a  little  more  than  one  revolution,  they  started,  the  pontion 
point  crossing  strip  11,  moving  nearly  across  12,  then  back  a  little, 
then  crossing  12  to  13,  registerinc^  as  it  went,  moving  back,  then 
crossing  13,  14,  and  15,  oscillating  in  and  out  on  the  way,  but  still 
progressing  inward,  never  in  contact  with  two  strips  at  once,  but 
touching  one  almost  as  soon  as  it  left  another,  until  it  first  touched 
strip  21,  its  mean  position  after  the  change  in  load,  about  8-.  57 
seconds  from  the  time  of  starting  the  record.  In  about  2.95 
seconds,  due  to  a  sudden  drop  of  63  horse-power,  the  speed  had 
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increased  from  228.0  to  242.1  revolutions  per  minute,  and  the  gov- 
ernor pendulum  had  shifted  its  position  about  2.6  degrees.  One 
record  is  lacking  to  complete  the  information — namely,  a  record  of 
short  intervals  of  time.  The  counter  record,  however,  by  allow- 
ing for  change  in  speed,  makes  a  fair  substitute. 

This  record  was  continued  to  the  eighteenth  second;  after 
the  thirteenth,  the  speed  decreased  to  241.7  revolutions  per  min- 
ute, and  then  did  not  change  appreciably;  yet  though  the  speed 
was  constant,  the  position-point  did  not  settle  on  any  single  posi- 
tion strip.  The  record  shows  an  oscillation  occurring  once  in 
each'  revolution  of  the  engine,  thus  revealing  the  fact  that  the 
governor  was  never  in  a  state  of  relative  rest.  This  certainly  is 
not  surprising.  The  governor  was  doing  work  in  pushing  and 
pulling  a  valve  back  and  forth  very  rapidly,  and  its  equilibrium 
was  somewhat  disturbed.  Besides,  since  it  revolved  in  a  vertical 
plane,  during  one-half  of  a  revolution  it  was  assisted  and  during 
the  other  half  opposed  in  its  motion  by  the  action  of  gravity. 
The  separate  influences  of  valve  resistance  and  gravity  on  the 
revolving  weights  remain  to  be  shown.  This  motion  is  of  great 
importance.  If  a  governor  is  always  in  motion  with  respect  to  its 
own  pivots,  then  there  is  no  statical  friction  to  be  overcome,  before 
it  can  change  its  position,  and  sticking  in  one  position  during  a 
change  in  speed  cannot  occur. 

To  investigate  this  cyclical  change  more  minutely.  Position-block 
No.  2  was  made.  It  had  52  strips  of  brass  so  close  together  that 
they  covered  the  same  range  of  motion  as  only  13  strips  of  block 
1.  The  strips  were  numbered  from  5  to  56.  Recording  style  4 
was  reser^^ed  for  a  time  record,  so  but  26  styles  w^ere  available  for 
position  records.  Accordingly  the  strips  were  connected  in  two 
series,  so  that  5  and  31  registered  through  style  5,  6  and  32 
through  style  6,  and  so  on.  A  little  experience  in  interpreting 
the  record  prevented  any  confusion  arising  from  this  duplicate 
system. 

An  electrically  driven  tuning-fork,  carrying  an  adjustable 
weight,  was  arranged  to  interrupt  the  circuit  through  style  num- 
ber 4,  and  thus  record  very  short  intervals  of  time.  By  aid  of  this 
record  to  check  the  record  of  seconds  by  the  pendulum,  it  was 
proved  that  the  centres  of  dashes  at  one  second  intervals  could  be 
accurately  located.  Thus  it  became  no  longer  necessary  to  use  an 
even  instead  of  an  odd  number  of  seconds  in  computing  speeds. 

Records  shown  in  Figs.  8  and  9  were  taken  to  study  the  eflPect 
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of  increasing  the  inertia  of  the  reciprocating  parts  driven  by  the 
eccentric.  Fig.  8  represents  nearly  the  conditions  existing  after 
the  change  in  load  of  Fig.  7.  Although  no  indicator  cards  were 
taken,  it  is  known  that  the  load  was  about  80  horse-power. 
The  engine  was  making  about  one  less  revolution  per  minute,  and 
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Fig.  8. 

Portion  of  a  record  taken  while  a  constant  load  was  on  the  engine.    The  record 
was  taken  with  position-block  No.  2. 

consequently  the  pendulum  was  a  little  nearer  its  initial  position. 
Block  No.  2,  with  its  very  narrow  position-strips,  of  course  shows 
the  pendulum  oscillation  to  better  advantage  than  block  1. 

Before  taking  Fig.  9,  a  split  cylindrical  weight  of  25  pounds  (the 
valve  and  valve-rod  together  weigh  43  pounds)  was  clamped  firmly 
around  the  valve-rod.     An  attempt  was  then  made  to  duplicate 
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Fig.  9. 

Portion  of  a  record  taken  under  same  conditions  as  Fig.  8,  except  that  a  weight 
of  25  pounds  was  fastened  to  the  valve-rod. 

the  conditions  of  Fig.  8.  From  the  style  records,  it  appears  that 
in  one  case  the  mean  position  of  the  position-point,  as  it  oscillated, 
was  between  strips  43  and  44;  in  the  other  case  between  44  and 
45 ;  but  the  angular  difference  is  less  than  one-tenth  of  one  degree, 
so  that  it  is  proper  to  compare  the  two  oscillations.  Repre- 
sentative oscillations  from  these  two  records  are  plotted  in  Figs. 
11  and  12,  with  crank  angles  and  time  as  abscissae,  and  angular 
displacement  of  the  governor  pendulum  from  its  position  when 
at  rest  as  ordinates.     The  precision  of  this  method  of  record- 
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ing  is  shown  by  the  regularity  with  which  the  plotted  points  fall 
into  line.  Provided  the  displacement  scale  is  correct,  the  time 
necessary  for  a  given  change  in  positidn  can  be  read  within  one 
one-hundredth  of  a  second.  For  the  closer  measurement  of  time, 
which  may  be  desirable  in  studying  accelerations  of  inertia  gov- 
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Fig.  11. 

Plot  to  accompany  Fig.  8,  showing  motion  of  governor  pendalam  under  normal 
conditions.     Speed,  240.7  revolutions  per  minute. 

ernors,  it  will  be  necessary  only  to  draw  the  paper  faster  under 
the  recording  styles  and  perhaps  make  the  tuning-fork  vibrate 
faster.  Portions  of  these  plots  between  crank  angles  270  de- 
grees and  the  head-end  dead-points,  appear  to  be  indefinitely 
located.     From  other  oscillations  of  the  same  records,  however, 


a/0         azo        0.30        a^o        aso 
Fig.  12. 

Plot  to  accompany  Fig.  9,  showing  motion  of  governor  pendulum  when  valve 
inertia  is  Increased.     Speed,  240.9  revolutions  per  minute. 

these  portions  were  found  to  rise  very  slightly  till  near  the  dead- 
point. 

To  make  clear  what  is  to  follow,  let  it  be  again  stated  that 
inward  motion  of  the  pendulum  is  motion  away  from  that  posi- 
tion which  it  occupies  when  the  engine  is  at  rest.  During  such 
a  motion  the  pendulum  displacement  angle  increases. 
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An  explanation  of  the  oscillations  demands  an  imdorstandiog 
of  the  relative  positions  of  pendulum,  shaft,  eccentric^  and  crank. 
Fig,  13  sliow^  tliu  crunk  a  bunt  30  degrees  beyond  its  he  ad -end 
dead-point.  Gravity  acting  on  the  heavy  left-band  end  of  the 
peiidultnn,  on  the  ccoentrie  it  carrioBj  and  also  on  the  eeeentric- 
strapi  has  for  some  time  been  tending  to  pull  it  outward^  or  down- 
ward about  pivot  (7,  Fig.  2.  About  this  time,  the  valve  is  begin- 
ning to  move  toward  the  shaft;  and  its  inertia,  its  resistance  to 
acceleration,  reacts  on  the  eccentric  to  pull  the  pendnluin  out- 
ward. Thus  gravity  and  valve  inertia  are  acting  together,  and 
the  curves  of  pendulum  displacement  slope  quickly  dowTiward, 
At  about  90  degrees^  Fig.  14,  the  pendulum  hang;^  nearly  verti- 
cal, and  gravity  scarcely  influences-it.  Valve  inertia  acta  slightly 
for  a  little  longer;  yet  the  pendulum  continues  outtoardj  due  to 
its  own  inertia,  until  after  the  actuating  forces  have  reversed 
their  direction.  As  the  crank  moves  on  toward  ISO  degrees, 
gravity  tends  to  pull  the  pendulum  inward;  inertia  of  the  valve, 
which  is  being  retardedj  tends  to  assist,  and  the  plots  rise  very 
quickly*  When  the  crank  gets  to  about  2^0  degrees^  Fig*  15,  the 
pendulum  is  once  more  approaching  a  vertical  position  and  sup- 
porting it^  weight  on  pivot  C;  but  just  then  the  valve  must 
be  accelerated  toward  the  right,  away  from  the  shaft^  and 
reaction  alon^  the  eccentric*rod  pushes  the  pendulum  back,  mov* 
ing  it  outward.  This  action  b  very  much  more  energetic  in 
Fig.  12  than  in  Fig,  11,  due  to  the  increased  inertia  of  a  weight 
nearly  twQ*tbirds  as  large  again.  Finally  the  crank  reaches 
about  270  degi-ees.  The  pendidum  stands  nearly  vertical  and  the 
eccentric  is  close  to  that  position  in  which  it  neither  accelerates 
nor  retards  the  val^e.  Consequently  the  pendulum  pauses  in 
its  oscillation.  From  there  on,  as  the  engine  turns,  gravity  tends 
to  turn  the  pendulum  outward  ;  but  inertia  of  the  valve,  retarded 
in  its  motion,  acts  in  an  opposite  sense;  and  these  two  influences, 
both  increasing  rapidly,  appear  to  increase  about  equally,  so  that 
the  pendulum,  acted  upon  by  balanced  forces,  scarcely  moves  until 
tliG  head-end  dead-point  is  passed  and  the  revolution  ia  completed. 

Contrary  to  expectation,  wlien  the  valve  inertia  was  increased, 
the  amplitude  of  osc*illation  was  hardly  any  greater  than  when 
the  governor  wm  running  und<'r  nonual  (fonditions.  Apparently 
these  cjclieal  oscillations  arc  due  ni^t  so  much  to  inertia  of  the 
valve  as  to  rotation  of  the  unbalanced  pendulum  in  a  vertical 
plane. 
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The  influence  of  the  two  governor  weights  on  this  oscillation  of 
the  pendulum  has  not  been  mentioned.  It  is  slight ;  for  in  nearly 
all  positions  one  weight  tends  to  counteract  the  other. 

Herr  Otto  Schneider  in  his  *'  Theorie  der  Flachregler,"  *  dis- 
cusses mathematically  the  various  forces  which  tend  to  influence 
the  otherwise  simple  relation  existing  between  speed,  spring  ten- 
sion, and  moment  of  inertia  in  a  fly-wheel  governor.  He  confines 
the  discussion  to  shaft  governors  carrying  eccentrics,  and  distin- 
guishes as  the  disturbing  factors: 

1.  Valve  friction,  including  friction  at  the  stuffing-box. 

2.  Inertia  of  the  reciprocating  parts. 

3.  Steam  pressure  on  the  end  of  the  valve  stem. 

4.  Weiglit  of  eccentric  and  pendulum  (of  valve  and  rod  also 
in  the  case  of  vertical  engines). 

He  then  computes  the  magnitude  of  each  of  thesQ  forces  and 
shows  graphically  how  each  varies  during  a  revolution  of  the  en- 
gine. Then,  combining  the  effects  of  these  forces,  he  shows  a 
diagram  of  pendulum  oscillation  for  one  complete  revolution. 
His  work  as  published  is  entirely  mathematical;  and  as  the  gov- 
ernor for  which  his  calculations  were  made  was  probably  supposi- 
tional, it  is  doubtful  if  he  had  any  experimental  data  to  verify 
the  character  of  the  motion  he  deduced  for  the  pendulum.  Yet 
his  deductions  bear  a  close  resemblance  to  the  oscillations  actu- 
ally detected  and  measured  in  this  experimental  work.  The  two 
must  not  be  too  closely  compared,  for  the  mechanisms  of  the 
governors  are  quite  unlike. 

This  report  is  presented  merely  to  describe  apparatus  for  obtain- 
ing experimental  data  of  the  behavior  of  engine  governors.  The 
apparatus  was  first  applied  to  the  Mcintosh  and  Seymour  engine 
simply  to  find  out  whether  or  not  it  could  be  made  to  work — not 
to  obtain  figures  for  comparsion  with  any  calculated  results.  The 
governor  of  this  engine  would  be  a  particularly  difficult  subject 
for  mathematical  treatment,  on  account  of  its  peculiar  spring. 
A  spring  of  irregular  curvature  exerts  a  force  which  is  hard  to 
calculate;  and  a  spring  made  of  several  leaves,  especially  when 
they  are  curved,  does  not  always  exert  the  same  force  for  the 
same  deflectioij. 

It  is  proposed  to  use  this  apparatus  for  investigating  tlio  action 
of  some  form  of  single-weight  inertia  governor.     After  deter- 

*  ZeU.  des  Ver.  deu.  Ing,,  Oct.  19,  1895,  p.  1257. 
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mining,  by  a  visual  stroboscopic  method,  the  approximate  posi- 
tion of  the  weight  while  running,  a  position-block  may  be  made 
to  cover  only  the  normal  range  of  motion  from  lightest  to  heav- 
iest load.  These  governors  usually  have  helical  springs,  easy  to 
calibrate,  and  the  w^hole  design  is  such  that  all  the  forces  at  work, 
excepting  friction,  can  be  computed  analytically.  They  can  be 
adjusted  to  regulate  very  closely  and  very  quickly;  but  although 
their  motions  are  quick,  the  recording  current  is  quicker, 
and  the  precise  position  of  the  weight  with  the  direction  and 
velocity  of  its  motion  at  any  instant  should  not  be  difficult  to  de- 
termine. If  reliable  data  of  the  actual  performance  of  one  of 
these  governors  can  be  obtained,  perhaps  the  information  may  at 
last  be  supplied  to  make  it  possible  to  predict,  by  analytical  investi- 
gation, the  action  of  any  governor  of  the  same  type. 
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FLYWHEEL  CAPACITY  FOR  ENGINE-DRIVEN  ALTER- 

NATORS,\ 

BY  WALTER  I.   BLIGHTER,   SCHENECTADY,  N.  Y. 

(Junior  Member  of  the  Society.) 

1.  The  following  paper  is  written  with  the  object  of  showing 
certain  considerations  which  must  be  borne  in  mind  when  selecting 
a  steam  engine  to  drive  an  alternating  current  generator  which  is 
to  run  in  multiple  with  another  generator  or  which  is  to  generate 
poAver  for  a  system  in  which  synchronous  apparatus,  such  as  syn- 
chronous motors  or  rotary  converters,  are  to  operate. 

A  detailed  analysis  of  the  mechanical  action  in  the  engine  which 
is  the  cause  of  the  trouble  is  to  be  found  in  Mr.  J.  I.  Astrom's 
paper,  and  the  discussion  thereon,  read  before  this  Society  last 
year  at  Milwaukee.  I  have  omitted  as  much  of  the* part  that  Mr. 
Astrom  discussed  as  could  be  done  and  still  give  a  clear  idea  of 
the  effects  in  the  electrical  circuit. 

2.  An  alternating  current  generator,  when  direct-connected  to 
a  steam  engine,  is  sensitive  to  certain  irregularities  in  the  speed 
of  the  engine  w^hich  affect  no  other  type  of  apparatus.  This  irreg- 
ularity is  in  the  instantaneous  value  of  the  speed,  or  the  variation 
of  the  angular  velocity  during  one  revolution  as  distinguished 
from  the  changes  in  the  average  speed,  due  to  a  change  of  load  or 
of  steam  pressure. 

3.  During  one  revolution  the  force  applied  to  the  crank-pin  of 
a  steam  engine  varies  considerably,  due  to  the  following  causes: 

Transfer  of  reciprocating  to  rotating  motion. 

Variation  in  steam  pressure  on  the  piston,  due  to  expansion. 

Inertia  of  the  reciprocating  parts. 

Weights  of  the  reciprocating  parts. 

♦  Presented  at  the  New  York  meet  ng  (DecemUer,  19)2)  of  the  American  So<*iety 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  tlie  Transactions, 

f  For  further  references  on  this  subject  see  Transactions  as  follows  : 
No.  234,  vol.  viii.,  p.  191  :    **  Formulae  for  Ret^iprocating  Parts   of  High  Speed 

Engines."    Geo.  1.  Alden. 
No.  907,  Tol.  xxii.,   p.  955:    **  Determination   of  Fly-wheels  to   Keep  Angular 
Variation  of  an  Engine  within  a  Fixed  Limit."     J.  I.  Astrom. 
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Throw  of  connecting  rod. 
Shortness  of  connecting  rod. 

4.  Of  these  the  first  three  are  of  the  greatest  magnitude.  The 
first  causes  the  torque  to  pass  through  zero  twice  in  each  revolu- 
tion, the  second  causes  the  torque  to  be  less  in  the  second  half  of 
a  stroke  or  impulse  than  in  the  first.  The  effect  of  the  recipro- 
cating parts  is  to  diminsh  the  torque  in  the  first  half  of  the  stroke 
and  increase  it  in  the  second  half.  Therefore,  it  is  opposed  to 
and  counteracts  the  effect  of  expansion.  The  inertia  effect  is  of 
considerable  magnitude  and  frequently  more  than  balances  the 
effect  of  expansion.  This  is  particularly  the  case  in  high-speed 
engines  and  in  the  low-pressure  cylinder  of  a  cross-compound 
engine,  which  is  necessarily  very  large  and  bulky.  The  effect  oif 
the*  reciprocating  parts  is  the  most  interesting,  as  it  may  be  either 
harmful  or  beneficial — harmful  in  producing  a  peak  at  the  end  of 
the  low-pressure  stroke,  where  it  overlaps  the  admission  of  the 
high-pressure  stroke,  thus  merging  the  two  impulses;  beneficial  in 
lowering  the  excess  energy  during  admission  of  the  high-pressure 
stroke. 

5.  In  a  single  cylinder  double-acting  engine  there  are  two  im- 
pulses per  revolution,  and  in  a  cross-compound  engine  there  are 
four  impulses.  During  the  first  part  of  the  stroke  the  effort  is 
less  than  the  average,  during  the  second  part  (equal  to  about  one- 
half  the  period  of  the  stroke)  it  is  greater  than  the  average. 
During  the  last  part  of  the  stroke  the  effort  is  less  than  the  average 
again.  This  is  shown  diagraniiiiatically  in  Fig.  17,  Curve  1.  Curve 
F  is  the  varying  crank  effort  or  torque  in  foot-pounds  at  the  centre 
of  the  shaft.  The  straight  line  AO  represents  the  average  value 
or  mean  effort.  The  difference  between  these  two  at  any  time 
represents  the  excess  or  deficit  torque,  or  the  force  acting  on  the 
flywheel  or  given  by  the  flywheel. 

This  force  F,  acting  on  the  mass  of  the  flywheel  Jf,  gives  the 

F  F 

wlieel  an  acceleration  a  =  -T/,or  a  =  -,,  where  /  is  the  moment  of 

j}L  J 

the  flywheel. 

G.  From  a  to  &  in  the  diagram  the  acceleration  is  negative  and 

the  speed  drops  (Curve  2),  from  h  to  d  the  accleration  is  positive 

and  the  speed  rises,  the  gain  in  speed  from  minimum  to  maximum, 

(h  to  d)  represented  by  S^  being  proportional  to  tlie  area  of  the 

figure  hcd^  or  it  is  equal  to   yifU.     The  acceleration  is  negative 
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again  from  d  to  e,  and  the  speed  drops  back  to  its  original  value 
at  the  end  of  the  impulse  to  pass  through  a  similar  cycle  in  the 
next  impulse. 

7.  While  the  speed  is  less  than  the  average  during  the  first  half 
of  the  impulse  (as  from  a  to  c,  Curve  T-^,  any  definite  point  of  the 

TORQUE,  SPEED  AND  DISPLACEMENT 
OF  A  SINGLE  CRANK  ENGINE. 

one  impulst       " 
bed 


F  or  a 


A.C. 


C.C. 


Fi«.  17. 


revolving  masses,  as  the  crank-]>in  eontro,  will  fall  behind  the 
position  it  would  maintain  if  the  angular  velocity  were  constant; 
and  at  c,  where  the  speed  becomes  greater  than  the  average  again, 
it  will  have  reached  its  greatest  displaeenient  and  will  commence 
to  regain  its  correct  position,  which  it  reaches  at  d  and  passes  to 
a  displacement  ahead  of  that  of  constant  velocity. 
The  change  of  position  from  c  to  e,  represented  by  2  A ,  is  pro- 
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portional  to  the  area  of  the  Curve  V  between  c  and  e,  or  is  equal  to 
Ivdt. 

8.  Thus  we  find  that  the  displacement  angle  is  proportional  to 
the  double  integral  of  the  curve  of  unbalanced  effort.  This  would 
be  a  long  and  tedious  operation,  but  it  is  the  only  correct  method 
of  obtaining  exact  values.  The  method  was  given  in  the  discus- 
sion on  Mr.  Astrom's  paper.  The  work  may  be  considerably 
shortened  by  the  use  of  the  integraph  (of  Coradi,  Zurich),  an 
instrument  which  will  graphically  integrate  each  curve  in  turn. 
By  tracing  the  curve  to  be  integrated  with  the  pointer,  a  recording 
pointer  will  draw  a  curve,  each  ordinate  of  which  is  proportional 
to  the  area  enclosed  by  the  original  curve  up  to  that  point.  Its 
principal  objection  is  that  to  get  accuracy  the  original  curve  must 
be  on  a  large  scale,  for  the  deduced  curve  is  of  such  a  scale  that 
a  one-inch  ordinate  represents  at  least  four  square  inches  of  area 
in  the  original. 

9.  The  displacement  may  be  obtained  approximately  quite 
easily  on  the  assumption  that  the  curves  are  more  or  less  regular 
and  symmetrical,  resembling  sine  curves.  Let  us  represent  the 
ratio  of  the  area  of  the  greatest  peak  of  unbalanced  energy  to  the 
rectangle  representing  the  foot-pounds  energy  per  revolution  by 
ky  where  k  x  P  =  P^, 

^  __  HP  X  33,000 

PPM 
k  =  unbalancing  factor. 
P^  =  unbalanced  energy. 
P  =  f t.  X  lbs.  energy  per  revolution. 
IIP  =  output  of -engine. 
PPM  =  speed  of  engine. 

Then  we  have: 

^'  =  1'^  (^.^-■^.*)  =  J^Vlx2S=hx  P, 

where  Tr=  effective  weight  of  flywheel, 

g  =  the  constant,  32. 
Vo  =  average  vehx'ity  of  IF, 
V2  =  maxiniiun      "      of  TF, 
Vi  =  minimum      "      of  TF, 


S  = 


F,-  r. 
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S  is  the  variation  in  speed  shown  in  the  diagram. 

10.  Having  the  value  of  S,  we  must  assume  that  the  maximum 

variation  from  mean  is  ^  and  the  average  value  (from  c  to  e) 
--  X  —  =  — .      This  average  value  of  S  lasts  during  one-half  of  an 

2  TT  TT 

impulse,  or,  if  n  is  the  number  of  impulses  per  revolution,  while 

Ofif) 

the  crank-pin  is  passing  -^  degrees.     Therefore  the  change  in 

V      A     '       ^w    .'       •    o .       A?      360        ,           Sx  360 
position  dunn^  this  time  is  2  a  =-  x  — — ,  and  A  =  — . . 

Combining  these  formulae  so  as  to  get  A  in  terms  of  K: 

-  ^  X  ^  X  .^  X  360 
^  ~       WVl  xiTt^"' 

This  is  the  displacement  of  the  crank-pin  from  mean. 

11.  In  a  bipolar  alternator  the  E.M.F.  performs  a  complete 
cycle  for  every  revolution;  in  a  four-pole  machine  there  are  two 
cycles  per  revolution;  that  is,  there  is  a  cycle  for  every  pair  of  poles 
per  revolution,  and  if  there  are  p  pairs  of  poles  on  an  alternator 
one  cycle  of  the  crank  corresponds  to  p  x  360  degrees  in  tho 
electrical  circuit.  Thus,  if  a  is  the  displacement  (from  mean)  in 
the  electrical  circuit,  then  a  =  p  x  A,  or  many  times  the  displace- 
ment usually  calculated  and  discussed.  The  effect  produced  in  the 
electrical  circuit  is  due  to  this  displacement  rather  than  to  the 
variation  in  speed. 

12.  Two  sine  waves  of  a  given  amplitude  E,  if  they  differ  in 

phase  by  B  degrees,  have  a  maximum  difference  of  2E  sin  — . 

Thus,  if  two  generators  differ  in  phase  B  degrees,  an  E.M.F.  of 
this  value  is  short-circuited  through  their  joint  impedance. 

If  we  represent  their  full  load  current  by  unity,  the  short- 

circuit  current  would  be  about  2.5,  and  the  impedance  -— .     Then 

2.5 

the  cross  current  due  to  this  displacement  would  be : 
e  2       ^^    .    B 
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Assuming  a  Taluc*  fur  this  cross  current  of  10  per  cent,  of  full 
load  current  as  a  reasonable  allowancOj  we  Lave: 

2.5  dn  —  =  ,10j  whence  -  ~  3,30, 

&  Ik 


That  is,  a  displacement  of  phase  in  the  electrical  circuit  of  2.5 
from  mean  will  eansc  a  t^ross  current  of  about  10  per  cent,  of  full 
load  current  to  flow.  Therefore  we  assume  a  =  2,5  as  the  limit- 
ing value  of  the  dispkceiueut.  Thi*  cross  current  heats  the  vrind- 
ings  of  the  generators  and  nuiv  cause  considerable  loss  of  power 
in  the  rcsistauees  of  the  couneetiug  cables. 

13,  The  value  «  ^  2,5  is  one  which  builders  of  electrical 
apparatus  have  more  or  less  generally  agreed  on  as  the  limit,  if 
satisfaetfiry  parallel  running  of  apparatus  is  expected.  If  other 
condilions  are  favorable^  such  as  low  resistance  between  genera- 
tors, and  few  synchronous  motors  in  circnit,  the  generators  will 
work  \vell  in  parallel  with  a  considerably  greater  displaeemeutj  but 
when  the  conditions  hccorae  exacting  2.5  is  the  limit* 

14,  A  synchronous  motor  or  rotary  converter  having  a  constant 
load  tends  to  run  at  constant  speed  and  has  more  or  less  fljr\vheel 
effect  in  its  rotating  member.  If  now  this  is  connected  to  an 
alternator  driven  bj  an  engine  which  has  an  irregular  angular 
velocity,  giving  a  displacement  from  +  2.5  to  —  2.5,  there  will  be 
a  continual  give  and  take  of  current  between  the  two  which  may 
lead  to  the  phenomenon  known  as  hunting.  That  is,  when  the 
gcnt*rntiir  i^  aheiid  of  the  motor,  the  motor  tries  to  eateh  up  and 
tiikes  1*0 we r  fnuii  the  generator  to  do  so;  then,  when  the  generator 
is  behind  in  relative  position,  the  motor  tries  to  drag  it  along^  and 
in  so  doin^  gives  its  power  liack  again. 

15,  We  tiave  seen  tliat  the  evil  effect  in  the  electrical  circuit 
increases  with  p,  the  number  of  pair*?  of  poles-  Thus  it  is  that 
liigh  frequeney  generators  give  more  trouble  than  low  frequenej 
generators.  In  most  designs  of  engines  the  flywlieel  capacity 
nece&sary  to  earry  the  engine  over  a  change  in  load  while  the 
governor  is  operating  is  sufficient  to  maintain  the  angular  velocity 
within  reasonable  limits,  bnt  in  eross-compound  engines  the  inertia 
of  the  rceiprocating  parts  of  the  low-pressure  cylinder  (the  cylinder 
being  so  large)  is  usually  so  great  that  the  crank  effort  diagram  is 
much  dit^torted.  Iiif^tend  of  getting  four  peaks  per  revolntion, 
w©  get  two  or  three,  and  each   of   these  peaks  laats  lon^r, 
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the  period  of  high  speed  lasts  longer,  and  the  displacement  is 
greater, 

16*  There  is  also  an  aggravating  action  in  the  oleetrieal  gener- 
ator itself,  as  pointeil  out  hyMr.  11.  E,  Longwe]!  in  ii  jjuper  Iw- 
fore  the  Engine  Bnilders'  Assoeintion  last  May.  This  ia  what  mav 
be  called  the  sjnchroniising  forcCj  or  torque,  of  the  generator*  Ag 
mentioned  before,  each  generator,  as  well  as  each  motor  and  rotary 
of  the  sjsteni,  tends  to  keep  in  step  with  the  rci^t  of  the  syatem — 
that  is,  resists  any  displacement.  If  some  external  force  causes  a 
displacement,  there  occurs  in  the  generator  a  torque  proportional 
to  the  diaplacement,  tending  to  bring  the  revolving  part  back  to 
the  mean  position. 

If  the  displacement  is  backward,  as  at  c  of  Curve  3,  Fig»  17,  there 
will  be  a  torque  trying  to  pull  the  rerohing  part  forward  into  step 
(as  in  Curve  4,  Fig.  17),  which  torque  it  will  lie  noticed  is  greatest 
where  the  displacement  ia  greatest,  and  where  the  engine  effort 
is  greatest;  thus  the  synchronizing  torque  of  the  generator  is  in 
step  with  the  unbalanced  effort  of  the  engine  and  additive  thereto, 

17,  Two  generatfU's  conneeted  in  uuiltiple  will  j^lnire  the  load 
between  them  at  any  instant  in  proportion  to  the  angular  displace- 
ment between  them.  If  the  displacement  is  not  very  great,  the 
variation  in  load  or,  in  other  words,  the  sjTichronizing  force  in  each 
is  proportional  to  the  sine  of  one-half  the  angle  between  them — 
that  is,  is  proportional  to  the  cross  current.  Thus  we  find  that  at 
2.5  degrees  displacement  there  is  a  torque  equal  to  10  per  cent  of 
fulHoad  torque  tending  to  pull  the  alternator  into  step,  and  this 
torque  occurs  simultaneously  with  the  excess  effort  of  the  en^ne 
and  increases  that  excess  and  the  unhn lancing  factor. 

18.  In  the  ease  of  the  800-kilowatt  set,  the  curves  of  which 
arc  given  here  as  an  example,  we  find  a  displacement  of  3.4  degrees^ 
due  to  unbalance*!  engine  effort  alone*  and  tins  displacement 
causes  a  synch ron lining  torque  in  the  alternut<ir  varying  up  to  15 
per  cent*  of  fulHoad  torque  as  a  maximum.  This  increases  the 
unbalancing  factor  30  per  cent,j  and  would  increase  the  displace- 
ment about  the  same  amount,  But  this  is  an  old  plant  and  an 
unusually  severe  case  (60  cycles).  This  shows  that  it  does  not 
necessarily  follow  that  alternators  of  large  synchroTiizing  power 
will  run  in  parallel  better  tlian  those  of  small  synchronizing  power, 
but  rather  the  reversCj  though  there  are  reasons  why  the  other 
extreme  is  not  desirable  either. 

It  might  be  interesting  here  to  note  that  in  a  continuous  cur- 
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rent  machine  this  torque  is  proportional  to  the  speed  instead  of  the 
displacement.  When  the  speed  is  high  the  torque  is  negative,  and 
when  the  speed  is  low  it  is  positivej  or  additive  to  the  engine  effort. 
This  h  Bhuwn  in  Curve  5  o£  Fig,  17,  The  effect  of  this  torque  is 
merely  to  dis^tort  the  curve  of  engine  effort,  as  it  is  displaced  90 
degrees  therefrom.  It  is  interesting  to  note  that  this  torque  is 
just  opposite  in  effect  to  that  of  the  reciprocating  parts  at  any  given 
time, 

19.  From  a  number  of  engines  I  have  analyzed,  and  from  data 
collected  from  some  German  and  French  technical  publications  and 
different  American  engine  builders^  it  may  be  <^ousidered  reason- 
able to  expect  an  unbalancing  factor  of; 

,15  — .30  in  a  single-erank  double-acting  engine^ 
,075  —  .15  in  a  two-crank  engine. 

But  In  the  two-crank  enginCj  as  mentioned  beforej  the  distorted 
curve  of  effort  usually  gives  only  two  displacements  per  revolution 
instead  of  the  four  we  would  expect;  therefore  we  may  say  that 
the  "  apparent ''  unbalancing  factor  is  .15  —  .30.  A  three-crank 
engine  haa  about  the  same  apparent  unbalancing  factor  as  a  two- 
crank. 

A  vertical  engine  gives  a  little  more  unbalancing  than  a  hori- 
zontalj  due  to  the  dead  weight  of  the  moving  parts^  for  which  we 
should  make  some  allowance. 

20*  To  determine  a  weight  of  flywheel  which  would  limit  the 
displacement  to  a  value  approximately  equal  to  2,5, 1  have  derived 
a  formula  based  on  the  above  unbalancing  factors  with  a  reason- 
able increase  to  allow  for  overloads.  While  not  always  giving 
the  most  desirable  flywheel  capacity,  since  it  would  be  impossible 
to  take  into  account  all  the  irregularities  of  some  engines,  yet  it 
gives  a  value  suited  to  the  various  conditions,  such  as  frequency 
of  alternator,  style  of  engine,  etc.j  such  that  if  the  engine  is  rea- 
sonably good  we  will  get  the  results  desired.  If  this  weight  of  fly- 
wheel does  not  give  satisfactory  results  it  would  be  much  better 
ffor  the  electrical  circuit)  to  make  such  changes  in  the  engine 
itself  as  to  give  a  better  crank  effort  diagram  than  to  increase  the 
weight  of  flyw^heel,  for  a  flywheel  may  easily  give  trouble  by  being 
too  heavy, 

21.  As  changes  in  the  engine,  I  might  suggest: 

FirHty  as  beat  though  most  difficult,  changing  the  angle  between 
the  two  cranks. 


Vertical 
Cross-compound. 

HorizontaT 
Cross- compound. 

275 

250 

440 

400 

650 

500 

660 

600 

1380 

1250 
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Second,  changing  the  proportion  of  load  taken  by  the  different 
cyKnders,  and  make  the  low  pressure  take  more  load. 

Third,  introduce  compression  at  the  end  of  the  stroke  to  take 
up  inertia,  particularly  in  low-pressure  cylinder. 

The  formula  is: 

^'"  = S^ ' 

where  W  =  effective  weight  of  wheel, 

IlW  =  rating  of  generator, 

S  =  speed  of  engine  in  R.P.M., 
r  =  rail i us  of  gyration, 
(7  =  a  constant  as  follows : 


Ilorizontnl 
Sin^le-cronk. 

26  cycles 315 

40      **     505 

50     *•     630 

60      "     755 

125     •*     1575 


22.  In  some  cases  it  is  necessary  to  use  a  larger  flywheel  than 
this  to  carry  the  load  during  the  short  time  it  takes  for  the  gov- 
ernor to  operate.  In  railway  power  stations  the  load  varies  so 
greatly  and  so  suddenly  that  an  immense  flywheel  has  to  be 
adopted  to  meet  these  changes  and  the  angular  displacement  has 
to  be  ignored.  But  so  far  as  hunting  and  parallel  operation  are 
concerned,  too  great  a  weight  of  flywheel  is  almost  as  undesira- 
ble as  too  little,  for  a  large  inertia  in  the  circuit  means  that  much 
power  must  be  expended  in  bringing  any  oscillating  mass  back  into 
synchronism.  Therefore,  where  a  very  heavy  flywheel  is  not  neces- 
sary for  definite  reasons,  it  is  desirable  to  keep  the  weight  down, 
and  the  weight  necessary  to  limit  the  displacement  to  2.5  degrees 
will  he  found  a  reasonable,  medium  vahie. 

23.  In  many  cases  where  hunting  has  occurred  due  to  a  pulsat- 
ing prime  mover  or  other  cause,  it  may  be  held  in  check  and  prac- 
tically suppressed  by  connecting  a  dashpot  to  the  governor  mech- 
anism. This  dashpot  should  liave  the  characteristics  that  it  i^ 
not  sensitive  to  sudden  changes  in  load  or  speed  but  that  any  pro- 
longed change  will  cause  it  to  move.  This  has  been  used  success- 
fully in  practice  to  a  considerable  extent. 
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24-  To  determine  by  test  the  variation  in  speed  of  an  engine 
h  a  very  dt^licate  and  complicated  experiiiieat,  and  there  have  been 
juany  ways  tried  ami  sugg£?sted^  but  with  very  little  success.  At 
the  meeting  of  the  French  Societe  Internationale  deg  Electriciens 
last  ^vi liter  this  subject  was  disciiBsed  and  many  methods  described. 
The  most  successful  was  that  of  E,  W,  Jlix^  in  which  a  bevel-gear 
wheel  is  driven  from  the  engine  shaft  by  some  very  positive 
method — as  gearing^  or  a  bieycle  wheel  pressed  against  the  engine 
flywheel-  Tliis  gear  wheel  drives  in  opposite  directions  two  other 
bevel  gears  on  concentric  shafts  at  right  angles  to  the  shaft  of 
the  first  gear.  The  outer  hollow  shaft  of  these  t%vo  eonceutric 
shafts  drives  a  light  alnniinnm  disk.  The  other  gear-wheel  is  con- 
nected to  a  shaft  consisting  of  a  long  elastic  steel  wire^  and  this 
drives  a  disk  with  a  heavy  flywheel  rim.  These  two  disks  are 
placed  side  by  side.  One  being  light  and  connected  by  a  rigid 
shaft^  follows  all  the  irrc-gularities  of  the  prime  mover;  the  other, 
ha%'ing  considerable  inertia  and  being  driven  by  an  elastic  eonneC' 
tioTi*  revolves  at  practically  constant  angular  velocity.  There  are 
slits  in  hfUh  disks,  and  by  an  arrangement  of  a  light  and  mirror 
the  relati\'6  displacement  of  the  slits  causes  a  beam  of  Hght  to  be 
deflected, 

25,  If  an  alternator  becomes  very  much  displaced  in  phase  it 
may  absorb  power  electrically  and  drag  the  engine  along*  If  now 
the  governor  docs  not  meet  the  condition  properly,  there  may  be 
no  steam  admitted  to  the  cylinder;  then  at  the  end  of  the  stroke 
the  vacuum  in  the  cylinder  may  be  snflicient  to  draw  water  from 
rlie  condenser^  which  may  cause  damage*  Electricnl  damping 
<le vices  are  used  in  many  cases  to  overcome  these  irrcgulariti*.'S. 
They  consist  of  short-circuited  windings  on  the  poles  of  the  alter- 
nator. When  the  alternator  oscillates  ahead  of  or  behind  its  cor- 
rect  epced,  currents  arc  generated  in  these  devices  which  tend  to 
oppose  these  oscillations*  This  is  quite  effective  if  the  oscillations 
lire  rapid  or  of  a  short  period^  but,  of  course^  it  w^astes  power  just 
in  proportion  as  its  effectiveness  increases,  being  nothing  more 
than  a  friction  brake. 

26.  To  give  an  idea  of  the  flywheel  capacity  required  to  meet 
the  requirement  advocated  and  sho^v  that,  contrary  to  the  general 
opini*m  among  mcK^hanical  engineers  and  engine  builders^  a  very 
heavy  wheel  is  not  necessary^  I  append  a  table  giving  a  compari- 
i^on  of  the  weights  calculated  by  the  above  formula  and  those  actu- 
ally installed  by  the  engine  builders. 
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Insliilled.  CalcatttCcd. 

AJtoona........... 13,000  11,000 

Clevelaod ,,,,.,.     41.^00  75,000 

aiaa^w, .  _  , ..,,.•.... ,  148,000  164,000 

Hfinover 40,000  53,000 

Baltimore _, , 73,000  45,000 

Metropolitan ,,...,. 240,000  1»3,000 

Wasbtngton ...........     I5J0O  17,500 

Pidladijlpliia , ,     70,000  107,000 

Omaha 24,000  18,000 

Santa  Cutalina. ..............   ...,.     84,000  ai,000 

Tornavento.. ..,,.. .,,..     72,000  44,000 

Santiago. 17,000  13.300 

Milwaukee .,...     ^,000  40,000 


Mtjdanatimi  of  Dmgrams. 

27,  I  have  givea  attached  the  curves  of  a  homontal  cross* 
compound  engine,  evlindera  24  inches  and  48  incheSj  hy  48  indies 
stroke,  which  is  direct-connected  to  a  GO-cycle  alternator  of  800 
kilowatts  at  100  revolutions  per  minute.  There  were  several  of 
these  in  the  station  and  there  was  considerable  trouble  from 
^*  hunting."  It  was  finally  necessary  to  put  short-circuit  windings 
on  the  poles  and  a  dash-pot  governor  on  the  engine,  since  which 
time  the  plant  has  run  satisfactorily.  The  plant  waa  laid  out 
several  years  ago. 

28.  The  irregular  shape  of  the  curve  of  combined  high  and  low 
pressure  crank  efforts  will  be  noticed.  There  are  practically  only 
two  impulses  per  revolution.  The  maxinmin  unbalancing  factor 
is  .005j  is  negativej  occurs  during  the  (high-pressure)  return  stroke, 
and  lasts  for  126  degrees,  or  over  a  third  of  a  revolution;  this  is 
the  cause  of  the  poor  characteristics  of  the  engine.  If  dead  weight 
were  added  to  the  high-pressure  piston  the  diagram  would  be  im- 
provedj  or  if  the  angle  between  the  cranks  w^ere  less. 

By  integrating  this  curve  of  crank  effort  we  get  the  velocity 
curve  as  shown,  and  by  integrating  this  in  turn  we  get  the  curve 
of  displacement  of  the  crank  centre,  which  shows  very  clearly 
the  ^^  two  impulse  "  effect  of  the  engine. 

The  maximum  displacement  i^  .095  degree.  The  generator  has 
72  poles;  hence  the  displacement  in  the  electrical  circuit  is  36  x 
.095  -3.4  degrees. 

20.  In  Fig.  1S>,  Curve  1,  is  shown  €f^  the  displacement,  and  the 
broken  line  shows  the  variation  in  synchronizing  force.     In  the 


lower  part  of  the  figure  we  have  in  full  lines  the  crank  effort  dia- 
gram, and  curve  e  h  the  s^nchronii^ing  torque  of  the  alternator  in 
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foot-pounds.  Adding  these  two  together,  we  get  the  residtant 
unhalaneiug  torquej  which,  as  mentioned  before,  gives  an  un- 
balancing factor  of  ,123,  or  30  per  cent,  greater  than  that  due  to 
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the  engine  alone.  In  tlieae  diagrams  the  liigli -pressure  cylinder 
takos  47.5  per  cent  of  the  load  and  the  low-pressure  cylinder 
52.5  per  cent. 


DiscrssioN* 


Mr,  Henry  1L  £on{/weli.~Jn  paragraph  No.  12  it  is  stated 
Uiat  if  we  represent  the  full  load  current  of  the  generator  hy 
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unity,  tlie  shurt  ripciiit  cun'^iit  woiihl  be  iibout  2.5  and  tbe  iin- 
T  do  not  seo  why  the  short  cimiiit  current  is  nt^ces- 


1  ^ 


Barilj  !2. 5  OF  anywhere  near  it.  It  seems  to  ine  thut  the  short 
circuit  cm rrent  is  a  (juestian  of  the  design  uf  the  generator,  jnid 
iiiiglit  be  iiiiy thing  within  reasonable  liniit?^ — say,  from  2  to  .5 
times  tlie  normal  full  load  current.  Woultl  it  not  be  a  more  ex- 
act \my  of  putting  it  U^  s<'ty: 

If  we  represent  their  full  load  current  by  unity,  and  the  h/ioH 
eircuii  cHtfeni  is  1^,5  titties  full  hHul  current^  the  -tnipedanciLwill 

he  ^^  and  thr  ctYms  eurrent  du*'  to  f/th  dt ^placement ^  ete, 

I  |irc»snuie  that  in  the  first  equation  of  jmragraph  1%  i  ^  ^  that 

i  =  tbe  cross  current  tlue  ti>  the  eleianniioti^e  force  caused  by 
the  dis|ilaccuieut  of  the  phases  of  the  two  generators, 

t^  —  this  electrnmotive  force  which  is  2  JCsln.    -, 

z  —  twice  the  impedance  of  one  alternator. 

As  long  as  generators  are   built  with  different  short  circuit 

:h;iracteristic8j  and  it  is  th^sired  to  limit  tbe  cross  current  to  10 

rper  cent,  ^f  full  luiid  current,  it  would  seem  desirable  to  use  a 

more  general  formula  in  wbich  ^^  would  etpial  the  short  circuit 

K 
current  and  -  the  imiK*'lanee. 


n 


The  short  circuit  current  would  then  -equal  •^^  Sin.  — ,  and  the 

displacement  giving  l<i  per  cent,  crosscurrent  would  he  such  that 

^.      B       0.10 
Bin,  ^  — . 

luasmnch  as  the  effect  of  the  synchronizing  force  is  to  aug- 
ment the  mdia lancing  moment  in  the  engine,  wliich  in  turn  in- 
cnnisi/s  llie  dis|>]ac^;'mentj  we  are  nut  so  much  concerned  with  the 
initial  displacement  due  to  the  engine  alone^  as  with  the  final 
displacement  due  to  the  aggravating  influence  of  the  synclironiz- 
ing  force, 

Coinciilent  with  my  own  paper  on  this  subject,  referred!  to  in 
paragraph  Itl,  Mr,  E.  Rosenljerg,  chief  engineer  for  the  finii  of 
Korting  Brothers  in  llanover,  Germany,  jiublished  in  the  Elev- 
irMetlmiseh^  ZiUvhnft  (Nos,  1^0-22  for  1902),  a  very  muchmoie 
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I*r{ietiail  tincl  exhaustive  pqjor  on  the  same  lines.     An  English 
tranHlati<»n  hus  been  prorniHecl,  l>iJt  I  have  not  as  yet  seen  it. 

In  brief,  liowever,  Mi\  Rosenberg  shows  very  clearly  that  no 
inmrial>le  rule  can  l>a  laid  down  for  the  initial  displacement  due 
to  tht?  engine?  aloncj,  as  even  with  tlu?  same  synchronizing  force 
between  the  generatorsj  the  amount  that  the  initial  (Hsplacement 
m  augincntetl  by  the  synchronizing  force  varies  with  the  tyi>e  of 
the  engine. 

A  j^ingle-crank  engine  will  permit  of  a  greater  initial  displace* 
ment  than  an  engine  imving  two  or  more  cranks,  and  a  single- 
cyh'nder,  8ingln-n.eting,  four-cycle  gas  engine  will  admit  of  a  still 
greater  dis[>lacement* 

The  amount  that  the  synchronizing  force  will  augment  the 
initinl  dis[ihiccTnet!t  dnpcniihi  nn  the  magnitude  of  this  synchron- 
i/.ing  force  ii8  compared  with  the  unbalanced  torcjue  in  the  engine. 

In  a  single-cylinder,  single-acting,  four-cycle  gas  engine  the 
nnbalanceil  tonpie  in  the  engine  woidd  be  very  great,  and  the 
ton  [lie  due  to  the  synchronising  force  resulting  from  a  displace- 
ment of  *2.h  electrical  degrees  would  l.>e  quite  insignificant  in 
comparison. 

On  the  other  liand,  in  a  tliree-crank,  double-acting  steam  en- 
gine, the  unbidanced  torque  might  be  less  than  the  synchronizing 
torque  resulting  from  an  initial  dis|dacenient  of  2,5  electrical 
degn?es. 

In  tlie  first  ease  the  augmentation  of  the  initial  displacement 
by  the  synchronizing  force  would  l>e  triHing,  while  in  the  second 
ra  se  t  h  e  initial  d  i s )  >1  u c *e m t ^ n  t  w  o uld  l>e  i  uc reased  i n defi  n  i tely  until 
the  generators  pulknl  a  part, 

Ml*,  Sliehter  has  shown  that  for  a  certain  800  kilowatts, 
(lO-cycle  alternator  with  72  poles,  running  at  UM>  r.  p.  m.,  with 
a  displacement  of  3.4  electrical  degrees  due  to  tlie  engine  alone^ 
the  synchronising  fuive  incre^ises  the  unbalanced  force  in  the 
engine  itself  by  about  ;^o  |>er  cent.  By  the  double  integration 
iif  the  new  curve  *»f  moments  we  woidd  get  a  new  displacement 
curve  of  alKuit  Ho  jkt  cent,  gi-eater  amplitude.  This  in  turn 
would  again  increase  tlie  nnbahuiced  turning  moment  and  gi?e 
rise  to  still  another  displacement  curve.  The  final  displacement 
would  be  nmgldy  the  summation  of  an  infinite  series  in  which 
each  increiiient  was  30  jier  cent,  of  the  one  preceding-  In  other 
wonls^  the  tot^U  displacement  would  be 
3*4  +  1.02  4^  0.:^  ^0.1-^  »«»»«***_  Bhoat  4,^  decrees. 
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It  is  easy  to  imagine  tbat  wo  inight  have  another  type  of  en- 
gine of  the  same  [K>wer  and  speed,  which  would  give  a  crank 
effort  curve  enoug^i  more  uniform  to  make  the  unbalancing  factor 
JH75  instead  of  JJ^)5.  If  the  flywiieel  were  enough  lighter  to 
^make  thetlisplacement  the  ssime  as  in  the  first  case,  the  synchron- 
izing tonpie  would  increase  the  unhahincing  factor  in  the  engine 
60  per  cent,  instead  of  30  per  cent.  The  ultimate  displacement 
starting  with  the  same  initial  displacement  woultl  then  be 
3A  +  2.0^  +  L22  +  0.73  -h  OAb  -h  0,27  +  0,10  +  0.09  + 
*  *  *  "^  *  *  "  '*  ^  al>out  SA  electrical  degrees, 

The  mathematical  treatment  (jf  the  jnx>blem,  either  as  regards 
the  deternii nation  of  tiie  irregularity  in  the  sjieed  of  the  fly- 
wheel, or  the  electrical  disturbance  in  the  generator,  can  hanlly 
be  relied  upon  to  give  us  dependalile  quantitative  results, 

Wo  all  know  the  uncertainties  as  regards  the  engine  itself— 
a  possible  error  in  estimating  the  weight  of  the  reciprocating 
parts,  or  a  variation  in  the  steam  distribution  from  that  we  have 
assumed,  or  porhai>s  an  unfortunate  choice  as  to  the  proper  load 
on  which  to  uniko  the  calculations-  Whilq  we  now  make  tlu3se 
involved  and  teiliuus  caculations,  we  always  discredit  the  results 
by  inulti|ilying  them  by  two  or  three  to  cover  uncertainties. 

The  clectrjml  calculalions  are  also  unreliable,  as  thf^y  are  based 
on  three  assumptions^  none  of  which  can  V>e  regarded  as  abso- 
1  u  tely  t  r  uc .     T  li  ese  as  s  a  in  p  t  i  on  s  a  re : 

id)  That  the  pole  piece?  are  spaced  with  absolute  mathemati- 
cal accuracy, 

l//)  That  the  magnetic  centre  of  each  jxjle  coincides  exactly 
with  the  geometric  or  median ical  centre. 

(c)  That  tlie  electromotive  force  is  represented  by  a  true  sine 
curve. 

The  mathematical  investigation  is,  however,  oxeeetlingly  valu- 
able in  that  it  gives  us  a  true  insight  as  to  the  general  cbamcter 
of  the  contlitions  we  have  to  meet,  and  their  mutual  relations  on 
each  other.  It  moreover  gives  us  something  on  which  to  base 
6ur  judgment  as  to  the  amount  uf  flywheel  effect  necessary,  but 
tlie  actual  weight  of  flywheel  require*!  is  none  the  less  a  matter 
of  jnOgment. 

I  do  not  doubt  that  we  shall  soon  use  an  empirical  rule  for  the 

flywheel,  something  of  the  form  suggested  by  Mr.  Slichter  in 

paragraph  31,     Such  a  formula  will  doul>tless  be  deduced  from 

data  taken  from  a  number  of  generating  units  which  are  running 

8 
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in  imraUel  satisfiictorily.  It  will  douhLlesR  contain  a  factor  for 
the  short  circuit  current  of  the  generator,  and  will  perhaps  nut 
favor  one  tyjio  of  an  engine  more  than  another  as  iloes  the 
formnla  given. 

Them  is  no  such  thing  ob  absolute  perfection  in  the  parallel 
operation  of  alternatfn's  direct-con neeteil  to  reei()rocating  en- 
gines, and  we  can  only  hope  to  reach  the  ]>oint  where  the  con- 
census of  opinion  is  that  the  I'esults  are  good  cTiough, 

I  can  see  no  tlieoi'etioal  liinit  to  the  amount  of  H ywh*?el  that 
can  be  used  to  good  elFeet.  When  the  alternators  are  once 
coupled  in  parallel,  it  would  seem  that  the  more  flywheel  we 
have  the  better  would  l>e  tlie  operation*  In  the  act  of  cutting 
an  alternator  in  on  the  general  system,  however,  the  heavier  the 
flywheel  tlie  gmater  the  care  which  must  l)e  taken  to  have  it  run- 
ning at  the  correct  speed  when  the  ^wiU^h  is  closotl,  to  prevunt 
the  sliock  due  to  the  sudden  acceleration  or  retardation  of  a  large 
Jiiass, 

Mr.  Wallet  /.  Sh'rMt'r.^ — In  rej»ly  to  Mr.  LongwelTs  criticism 
of  the  value  useil  for  the  short  circuit  current  of  tlic  aUernator 
in  the  impe?r,  I  would  say  tljat  that  i;*  an  average  value  of  many 
ditferent  machines  which  I  have  analyzed,  I  hare  before  me 
now  tlie  testt^  on  twenty  different  nuicliines,  ta.ken  at  random. 
The  maxiuiuui  value  of  the  short  circuit  current  shown  by  these 
is  3,74  times  tlie  full  loa<l  cur'rent.  the  minininm  K52  and  the 
average  2.58.  Therefore  I  claim  that  tiiis  is  a  reasonalJe  value 
on  wJiich  to  base  calculations.  A  cliange  in  the  value  of  the 
short  circuit  current  frrmi  2,5  to  3  would  incre^ise  the  crosn  cur- 
rent from  10  per  cent,  to  12  per  cent,  for  the  given  displacement* 
and  would  iucreiise  the  synchronizing  torque  2U  ptir  cent.,  and 
this  in  turn,  then,  would  iucn.*ase  the  final  unlKdnncing  factor 
some  10  jier  cent.  Now,  the  change  in  the  u id >a lancing  factor 
due  to  the  cut-oil  changing  with  the  load,  is  mucli  greater  than 
thia.     Thus  I  consider  it  an  mniet^cessary  relinement. 

Of  course,  tlie  formula  wouhl  be  mon^  accumte  if  such  a  con- 
stant as  Mr,  Longwell  proposes  were  introduced,  l>ut  it  is  ijuos- 
tionable  if  the  gain  in  accuracy  would  warmnt  the  complicatiDn. 
Thet^e  are  other  conditions  which  are  more  variable. 

The  object  in  putting  forth  this  formula  is  not  to  set  a  hard 
and  fast  rule,  but  to  calculate  a  value  which  would  come  within 


•Auibor'ft  cIofiaT«i  under  ih^  Rulea. 
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the  lines  of  good  practice,  for  I  have  known  of  many  eases  where 
flywheels  have  been  proposed,  and  even  installed,  which  were 
very  far  from  a  reasonable  value,  due  to  a  misconception  of  the 
properties  of  the  alternator. 

This  formula  is  not  deduced  from  theory,  but  is  based  on  prac- 
tice as  will  be  seen  by  the  table  of  values  given.  The  mathe- 
matics is  merely  introduced  to  show  the  relative  importance  of 
the  different  factors  and  the  way  in  which  they  enter. 

Mr.  Longwell's  discussion  of  the  cumulative  effect  of  the  syn- 
chronizing torque  is  very  interesting,  and  it  is  very  possible  that 
this  has  been  the  cause  of  considerable  trouble.  It  is  one  of  the 
reasons  why  a  two-crank  engine  connected  to  a  given  alternator 
must  have  more  than  one-half  as  much  flywheel  weight  as  a 
single-crank  engine. 
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Wo.  957.* 

THE  DEFLECTION  OF  BEAMS  BY  GRAPHICS. 

BY  WILLIBALD  TRINK9,  T0UN08T0WN,  O. 

(Non -member.) 

1.  The  method  of  designing  machinery  considering  strength 
alone  is  rapidly  becoming  obsolete.  On  the  other  hand  the  impor- 
tance of  rigidity,  that  is  smallness  of  deformation,  is  appreciated 
more  and  more,  and  it  is  often  desirable  to  predetermine  the  de- 
flection which  will  take  place  in  a  certain  part  of  a  new  machine. 
The  easiest  way  to  accomplish  this  task  is  of  course  by  comparison 
with  corresponding  parts  of  similar  machines,  the  deflections  of 
which  have  been  measured ;  but  there  will  invariably  occur  cases 
where  such  a  procedure  is  impossible,  either  because  results  of 
measurements  are  not  available,  or  because  the  machine  to  be  cal- 
culated is  so  different  in  style  or  size  from  anything  previously 
constructed,  that  comparisons  would  be  unreliable.  In  such  an 
instance  there  is  nothing  left  but  a  guess  or  a  calculation,  and  the 
latter  is  much  the  safer  way. 

2.  But,  while  the  calculation  of  parts  with  regard  to  strength  is 
comparatively  simple,  and  formulas  and  directions  for  dimen- 
sioning parts  to  sustain  a  given  load  can  be  found  in  most  reference 
books,  the  analytical  calculation  of  the  deformation  of  the  same 
parts  becomes  at  once  helplessly  complicated  and  extremely  diffi- 
cult, so  that,  as  a  rule,  only  very  rough  approximations  can  be 
obtained.  However,  it  is  entirely  unnecessary  to  abide  with  crude 
and  imperfect  results,  because  there  exist  several  graphical  or 
semi  graphical  methods  which  give  comparatively  accurate  results 
without  complex  calculations.  The  full  comprehension  of  these 
methods  demands  the  knowledge  of  the  elements  of  the  calculus, 
which  probably  accounts  for  the  fact  that  they  are  not  as  widely 
known  as  they  deserve  to  be.  But,  as  their  application  is  much 
easier  and  at  the  same  time  more  accurate  than  that  of  the  common 
analytical  methods,  it  will  be  tried  in  the  following  to  present 

*  Presented  at  the  New  York  meeting  (December,  1902)  of  the  American  Society 
of  Mecbanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Transactions. 
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tljree  of  the  more  important  metlioik  in  a  suitable  marrner  foF 
everyday  use  of  the  ]>nictical  engineer  and  draftsman, 

3,  Of  course  it  is  impossible  to  repeat  here  tiie  whole  tiieory  of 
the  flexure  of  beams,  so  we  shall  start  with  the  following  funda* 
mental  relation,  the  deduction  of  which  can  be  found  in  any  ref- 
erence book ; 

dr^^^dx (1) 

In  this  equation  d*e  is  a  small  length  of  a  beam  (Fig-  2U);  3f  the 
bending  moment  caused  by  the  externid  forces  (Le,^  applied  loads 
and  reactions}}  and  /the  moment  of  inertia^  both  with  reference 


'^JT 


dT- 


to  the  beam-element  under  consiileration.  E  is  the  modulus  of 
elasticity  and  rfr  is  the  small  angle  which  two  consecutive  sections 
a  and  h  (which  were  parallel  previous  to  the  bending)  make  under 
the  influence  of  the  niouient  M. 

4,  The  formula  (I)  is  cjipable  of  various  interpretations. 

First,  it  w^ill  be  noticed  ihafc^  in  a  defiected  beam,  there  is  a  small 
angle  dt  between  every  two  consecutive  sections  (see  Fig,  21),  so 
that  the  an  trie  r,  which  the  two  entl  sections  of  the  beam  make,  is 
equal  to  the  sum  of  all  the  small  angles  f/r,  or 

r  1^  dr^  -¥  dt^  +  dr^  -f  etc. 

General  equations  for  the  deformation  of  beams  can  only  be 

deduced  under  the  supposition  that  the  beam  is  prismatic,  that  is 

f  is  constant  over  its  entire  length  ;  l>ut  in  reaUty  this  seldom 

^occurs.     As  a  rule  /is  variabh^  and  it  becomes  therefore  necessary 

to  combine  the  two  variables  J/ and  /in  such  a  manner  that  they 
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appear  as  a  single  variable  depending  upon  the  value  of  x.  To 
this  end  we  select  that  moment  of  inertia  7^,  which  is  constant 
over  the  greatest  length  of  the  beam,  as  a  moment  of  inertia  of 
reference,  and  reduce  the  values  of  the  bending  moments  over  the 

rest  of  the  beam  in  the  ratio  -5.   Take,  for  example,  Fig.  22,  which 

represents  a  shaft  of  two  diameters  d^  and  di,  resting  in  two  bear- 


Z^t 


ings  a  and  5,  and  carrying  two  loads  P  and  Q,  From  statics  it  is 
known  that  the  bending  moment  under  P  is  (with  the  notations 
of  Fig.  22) 


a?. 


and  that  the  bending  moment  under  Q  is 

5.  If  these  values  be  laid  off  to  a  convenient  scale  as  vertical 
ordinates  12-2  and  13  3  from  a  horizontal  axis  1-4,  the  broken 
line  1-2-3-4-1  represents  the  magnitude  of  the  bending 
moment  at  any  section  and  is  called  the  polygon  of  bending 
moments  for  the  external  forces.  Similarly  the  polygon  1-16- 
17-4  is  obtained  as  a  curve  of  bending  moments  caused  by  the 
weight  W  of  the  beam. 

The  moment  of  inertia  1^=.-    do  is  constant  over  the  greatest 

04  ° 

length  of  the  beam  and  will  therefore  be  selected  as  a  moment 
of  inertia  of  reference.  Throughout  the  length  9-10  (corres- 
ponding to  the  constant  diameter  d^  the  polygon  of  bending 
moments  is  not  altered,  but  the  ordinates  of  the  polygon  over  the 
abscissfiB  1-9  and  10-4  (corresponding  to  the  smaller  diameter 

7  5-9      /d^\* 

rfi)  are  enlarged  in  the  ratio  y,  so  that  for  example  '-^ — \  =  (-/). 

This  gives  the  polygon  1-5-6-2-3-7-8-4,  which  is  the  poly- 
gon of  bending  moments  reduced  to  a  constant  moment  of  inertia, 
VIZ.  lo,  and  which  will  be  called  the  Jf -polygon.     Having  that, 
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we  can  proceed  as  though  we  had  a  beam  of  constant  cross-sec- 
tion, and  obtain 


^dx 


6.  But  [hl'dx  denotes  only  the  area  1-5-6-2-3-7-8-4- 
18-17-1G-15-1,  or  A,n\  thus  we  have 


r  = 


El. 


(2) 


The  area  A^  can  be  measured  with  the  aid  of  aplanimetre. 
As  an  illustration,  the  following  numerical  example  will  be  con- 
sidered. 

(For  notations  see  Fig.  22). 

P  =90,000  pounds. 
Q  =  70,000       " 
jr=  25,500      '' 
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Therefore  equation  (1)  may  be  written 

d  (tan  r)  =  -^Tfdx. 

9.  The    differential    calculas    teaches    that    for     any    curve 
tan  r  =  -^;  substituting  this  value,  we  obtain 


dx' 


^(1)=?/^^'"^ 


§^dx+0 (3) 


In  order  to  utilize  this  equation,  we  use  the  same  process  as 
above  and  combine  the  two  variables  Jfand  /into  one  variable 
depending  upon  Xj  that  is  we  distort  the  polygon  of  moments  in 

the  ratio  -j,  and  thus  obtain  the  Jf -polygon,  see  Fig.  22.     Then 

equation  (3)  may  be  written : 


dx"  ELI 


Mdx  ■\-  0  : (4) 


10.  But   for  any   point  Z,  the  expression    IM'dx  represents 

the  section-lined  area  A^^  of  the  JT-polygon  between  the  origin  and 
the  ordinate  belonging  to  a?,  which  area  may  either  be  calculated, 
or,  what  is  more  convenient,  be  measured  with  a  planimetre.  With 
this  notation  we  obtain 

^"ETo^^ ^^^ 

Now  let  us  divide  the  length  of  the  beam  info  a  number  of  equal 

parts  (say  20),  then  compute  the  value  of  -py.  for  each  part,  care 

being  taken  to  measure  each  A^  from  the  origin  or  point  1,  and 
finally  set  off  these  values  to  a  convenient  scale  as  ordinates  of  a> 

Thus  we  plot  a  new  curve  efg^  the  ^  curve,  or  curve  of  inclinar 

tions.  Returning  to  equation  (4),  it  will  be  seen  that  (7,  the  con- 
stant of  integration,  has  to  be  eliminated.  This  is  done  by  measur- 
ing the  areas  efgke  of  the  -~-  curve,  then  dividing  the  obtained 

value  by  the  length  ek^  which  gives  the  ordinate  C=eh^  and 
drawing  hi  parallel  to  ^A?.     The  proof  of  the  correctness  of  this 
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method  will  be  given  below.     Then  he  -  r^  and  ig  =  r^;  r^  and 

r^  being  the  iingltB  which  the  elastic  curve  makes  with  tlje  line 
Im  at  the  supports.    To  find  the  orilinates  y  of  the  elastic  curve 

from  the  ^  curve,  it  must  be  remembered  that 
dm 


y  =  |g<f^+Cl 


(6) 


11.  This  equation  is  identical  in  form  with  equation  (4),  hence 
the  ordinates  y  can  be  detennined  from  the  ^  curve  in  the  same 

manner,  as  the  values  of  j^^  were  found  from  the  M  curve;  that 

m  by  measuring  the  areas  ^4^',  Fig,  22,  The  values  of  these  areas, 
"divided  by  the  respective  scales  for  height  and  length,  are  the 
ordinates  of  the  elastic  curve.  Evidently  the  ordinate  of  the  elastic 
curve  at  tlm  right  support  is  zero  only  when  the  area  h  efts  equal 
to  the  arefis  £/  //,  which  proves  that  eh  was  the  proper  value  for 
the  constant  of  integration  C\  As  to  Ci,  the  second  constant  of 
integration  J  it  is  obviously  equal  to  xero»  because  the  elastic  curve 
must  pass  through  I  and  m,  the  centres  of  gravity  of  the  end 
sections. 

1%  Although  these  (Jeductions  seem  to  be  rather  uninteresting 
and  purely  theoretical,  their  application  is  very  simple  and  the 
practical  results  are  valuable,  as  will  be  seen  from  the  following 
numerical  example: 

To  facilitate  understanding,  the  example  commenceil  above  in 
Fig*  23  will  be  continued.  The  illustration  shows  under  the  sketch 
of  the  shaft  the  distorted  polygon  of  bending  moments,  below 
tills  the  curve  of  tangents  and  at  the  bottom  the  elastic  curve.     It 

will  be  noticed  that  the  ^>  polygon  has  been  divided  into  twenty 

strips  of  equal  witith.  The  areas  of  the  polygon  lying  between 
the   left  origin   and   the  ordinate  at  the  right  of    each    strip 

are  entered  into  Table  I.  in  the  column  headed:  Area  of  -~ 

curve.  Since  1  square  inch  represents  an  inclination  of  ^,  the 
tangents  corresponding  to  these  areas  are  found  by  dividing  the 
values  in  column  1  by  500.  The  resulting  values,  multiplied  by 
1000,  are  entered  in  the  second  column  under  the  heading :  1000  x 

-^,    With  these  figures  the  curve  of  tangents  is  drawn  on  a  scale 


124 


THE   DEFLECTION    OF   BEAMS    BT   GRAPHICS. 


of  1  inch  representing  an  inclination  of  nrfu.  Multiplying  this 
with  the  scale  for  distances  (in  which  1  inch  =  100  inches)  we  ob- 
tain the  scale  for  the  areas  of  the  inclination  curve,  namely  1 

square  inch  represents  inch  =  J  inch.  The  total  area  under 

the  inclination  curve  measures  1.61  square  inches ;  the  length  of 


TABLE  I. 


Area  of 

Area  of 

^  curve. 
dx* 

1000  xg. 
ax 

^  curve. 

10  xy. 

1 

0.015 

0.03 

0.09 

0.18 

2 

0.055 

.11 

0.17 

.34 

3 

0.125 

.25 

0.24 

.48 

4 

0.215 

.43 

.      0.29 

.69 

6 

0.28 

.56 

0.35 

.70 

6 

0.375 

.71 

.38 

.77 

7 

0.435 

.87 

.43 

.86 

8 

0.525 

1.05 

.45 

.90 

9 

0.615 

1.23 

.46 

.92 

10 

0.705 

1.41 

.47 

.94 

11 

0.795 

1.59 

.46 

.92 

12 

0.88 

1.76 

.44 

.89 

13 

0.97 

1.94 

.41 

.83 

14 

1.04 

2.08 

.38 

.76 

15 

1.11 

2.21 

.33 

.67 

16 

1.18 

2.36 

.28 

.66 

17 

1.26 

2.52 

.21 

.43 

18 

1.32 

2.64 

.15 

.30 

19 

1.36 

2.73 

.06 

.13 

20 

1.37 

2.75 

.005 

.00 

the  abscissa  is  2.32  ;  hence  the  height  of  the  mean  ordinate  is  .694 
inch.  The  amounts  of  the  areas  in  square  inches  between  the  in- 
clination curve  and  the  line  At  are  entered  in  column  3  of  Table  I. 


Area  of  ^  curve. 
ax 


It  will  be  observed  that 


under  the  heading 

the  figures  increase  from  zero  to  a  maximum,  and  then  decrease 
again.  The  fact  that  the  last  figure  is  0.005  instead  of  zero  is  due 
to  inaccurate  readings  of  the  planimetre.  But,  as  the  error  amounts 
only  to  0.5  per  cent,  of  the  greatest  value,  no  attempt  will  be  made 
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for  correction.  As  above  found  1  square  inch  represents  i  inch, 
henco  wo  obtain  tlie  ordinates  of  the  elastic  curve  by  dividing  the 
figure  in  the  third  column  bv  5.  The  tenfold  values  of  the 
ordinates  are  given  in  the  fourth  column  of  the  Table,  and  in 
addition  they  are  laid  off  half  size  on  the  itrips  to  which  they 
belong,  thus  giving  a  (rather  distortetl)  picture  of  the  elastic  curve* 
13,  This  curve  is  almost  symmetrical  to  the  centre  line,  although 
the  load  is  eccentric.    The  shipe  at  the  ends  is  found  from  the 

=  0.0797  degree  at 


incllnatioti  curve  as  r^ 


■  or 
1000        rr  X  1000 


the  left  end^  anil  as  t^  — 


2.75  -  l.S^ 


180 


1,36       1.36  X 
-" —  or  — 

1000        ff  K  1000 


=  0.078 


1000 

degree  at  the  right  end.    These  angles  are  almost  alike.     The 
greatest  deflection  is  0.04  inch  or  about  ^  inch- 

14.  For  simplicity  the  elastic  curve  has  thus  far  been  deter- 
mined under  the  assumption  that  appHeil  loads  and  reactions  are 
concentrated  forces,  and  that  the  shaft  is  perfectly  free  to  deflect. 
In  truth  loads  and  reactions  are  (approxiniately)  uniformly  dis- 
tributed over  a  certain  lengthy  and  the  shaft  is  to  some  extent 
stiffened  from  being  tightly  fitted  in  the  hubs  of  the  rope*putleySj 
fly-wheels,  etc.  As  proof  tliat  these  apparent  complications  do 
not  offer  any  difficulty  whatever,  if  the  described  method  is 
employed.  Fig.  24  haa  been  drawn,  whicli  takes  the  aforesaid  facts 
into  consideration.  After  the  foregoing  explanationa  a  brief  com- 
ment will  be  sufficient. 

To  find  a  moment  diagram  for  uniformly  distributed  loads,  draw 
the  polygon  for  concentrated  loads,  and  round  the  sharp  corners 
by  paralxjlas  which  are  tangent  to  the  straight  lines  of  the 
pol3^gOD  at  the  intersections  with  the  verticals  which  enclose  the 
uniformly  distributed  loads,  see  A-B^  CD,  Ef\  and  G  H  in 
Fig.  24.  Let  the  length  of  tlie  hubs  of  the  rot>e-pulleys  be  40  inches 
and  their  outside  diameter  likewise  40  inches;  the  main  bearings 
are  33  inches  long.  The  moment  of  inertia  for  a  circle  of  40  inches 
diameter  is  125.700,  which  is  7.7  times  our  standard  moment  of 
inertia,  and  therefore  the  ordinates  of  the  bending  moments  are 
reducetl  in  that  ratio  under  the  hubs.  Strictly  speaking  this  is 
not  quite  correct,  because  the  modulusof  elasticity  of  cast  iron  dif- 
fers from  that  of  steeL     But  as  we  neglect  the  reinforcing  effect 

M 
of  the  arras  and  as  the  influence  of  the  reduced  -^j  area  on  the 

total  deflection  is  relatively  smaU,  there  would  be  no  practical 
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gain  in  taking  the  above  mentioned  difference  of  the  moduli  of 
elasticity  into  consideration. 

With  the  figures  given  in  Table  II.  the  inclination  curve  and  the 
elastic  curve  have  been  constructed  in  the  same  manner  as  before. 
As  might  be  expected,  the  latter  looks  decidedly  different  from  the 
curve  drawn  in  Fig.  28.    Probably  Fig.  24  corresponds  more  nearly 


TABLE  II.    (See  Fig.  24.) 

Area  of 

Area  of 

--  -  curve. 
aX 

^-0^% 

^t' curve. 
dx 

10  X  y. 

1 

0.002 

0.005 

.06 

0.12 

2 

0.015 

.03 

.11 

.23 

3 

.06 

.12 

.16 

.33 

4 

.14 

.28 

.22 

.44 

5 

.24 

.48 

.24 

.48 

6 

.31 

.63 

.25 

.51 

7 

.33 

.67 

.27 

.54 

8 

.34 

.69 

.28 

.66 

9 

.36 

.72 

.29 

.59 

10 

.45 

.90 

.30      . 

.60 

11 

.53 

1.07 

.29 

.69 

12 

.54 

1.09 

.28 

.66 

13 

.55 

1.11 

.26 

.63 

14 

.57 

1.15 

.25 

.60 

15 

.64 

1.28 

.22 

.45 

16 

.74 

1.48 

.10 

.39 

17 

.81 

1.63 

.15 

.31 

18 

.86 

1.72 

.10 

.21 

19 

.87 

1.75 

.05 

.10 

20 

.88 

1.76 

.005 

.000 

to  the  true  conditions  than  Fig.  23 ;  but  in  actual  practice  it  has 
been  customary  to  neglect  the  stiffening  influence  of  the  hubs. 

15.  From  a  purely  theoretical  standpoint  the  method  of  finding 
by  direct  mensuration,  fii*st  the  inclination  curve  and  then  the 
elastic  curve  is  perfect  and  beyond  reproach,  but  from  a  practical 
standpoint  two  objections  must  be  made ;  first,  that  it  takes  too 
much  time,  and  second,  that  the  accuracy  of  the  planimetre  is 
limited.  Therefore,  in  most  crises  it  is  preferable  to  use  the  fol- 
lowing, entirely  graphical  and  much  simpler  method  which  is 
Jcnpwn  as  "  Mobr's  method  "  or  "  Mohr's  theorem,"  and  which  is 


THE   DEFLECTION    OF   BEAMS    BT   GRAPHICS. 


127 


based  on  the  properties  of  the  equilibrium  polygon  which  has  also 
been  termed  **  funicular  polygon ''  by  some  English  writers. 

16.  This  neat  and  elegant  method  will  be  readily  understood  by 
investigating  the  influence  which  the  deformation  of  a  small 
element  Sm  has  on  the  shape  of  the  beam,  see  Fig.  25.  Consider 
only  the  small  element  dx  as  flexible,  and  the  rest  of  the  beam, 
vi35.,  the  two  parts  x  and  a?'  as  perfectly  rigid.    Suppose  that  we 
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Fig.  24. 

have  deflected  the  beam  so  that  the  two  rigid  parts  x  and  x'  make 
the  very  small  angle  d  r  with  each  other.     Then  the  beam  will 
assume  the  shape  of  the  line  ach^  Fig.  25.     The  resulting,  very 
small  deflection  d6\^  found  by  a  simple  mathematical  operation 
d6  =  xda  =  x'dft 

da  =  -d/3  =  dr-dft 

X 


\x       xJ 


dft^ 

dr- 

X 

.r 

+  x' 

dd  = 

a-x' 

-.dT 

X  -\-  X 
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But  from  equation  (1)  we  know  that  dr  =  ^^dx,  hence  we  have 


dS 


_    XX     f  M 


vx     ( M\ 
+  ar'  \EI) 


dx 


(7) 


17.  Now  let  us  compare  this  result  with  the  bending  moment 
which  is  caused  in  the  same  beam  by  the  element  gdx  of  a  load 
curve.  Those  readers  who  are  interested  in  the  present  discussion 
will  undoubtedly  know  that  the  very  small  bending  moment 
caused  by  the  small  concentrated  load  gdx^  where  g  is  the 
load  in  pounds  per  linear  unit  at  the  element  under  consideration, 
is 


dM^ 


XX 

X  -{-  x' 


igdx 


(8) 


Fig.  26. 

They  will  furthermore  know  that  the  diagram  of  the  bending 

moment  which  is  due  to  the  concentrated  load  gdx  is  represented 

by  the  triangle  acb,  Fig.  26.    It  will  thus  be  seen  that  the  loading 

of  a  beam  with  gdx  pounds,  Eq.  (8),  and  the  bending  with  dr  = 

M 
...dx,  Eq.  (7),  are  mathematically  identical,  and  that  the  effect  of 

the  value  -rrydx  on  the  shape  of  the  elastic  curve  is  identical  with 

the  effect  of  the  load  g  dx  on  the  shape  of  the  moment-diagram. 

M 
For   this  reason  the  expression  -^jdx    has  been   termed  "the 

elastic  weight." 

18.  Since  the  elastic  curve  bears  exactly  the  same  relation  to 

curve  which  the  M  curve  bears  to  the  load  curve,  it  can 


the 


AY 


obviously  be  obtained  in  precisely  the  same  manner  that  the  M 

curve  is  .^ound  from  the  load  curve,  that  is  by  drawing  an  equi- 

M 
librium  polygon  with  ^^  as  a  load  curve. 
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The  practical  application  of  this  theorem  is  extremely  simple 
and  will  he  fully  explaineil  by  applying  it  to  the  same  nimierical 
example  which  has  been  consiJereil  above  in  Fig.  23, 

19.  Fig.  27  gives  all  the  necessary  details  for  the  construction  of 
the  elastic  carve.    The  scale  of  the  shaft  is  tlie  same  as  before  : 

M 

1   inch   represents  100  incheSj  but  for  the  -^  curve  a   smaller 

scale  than  before  has   been   chosen,   namely   1  inch   represents 

TTiTTA^w.-^^^n^    ^^  before^  the  length  of  the  beam  has  been  divided 
100,000  mch.  ^ 

into  twenty  equal  parts.     Through  the  centre  of  each  strip  verti- 
cals Ij2i3  »  ,  .  .  10,20,  have  been   drawn.     According  to  the 


^ 


dM 


Fm.  36. 


theory  of  equilibrium-ixjlygons,  the  intercepts  between  the  bottom 

and  top  lines  of  the   ^,y  polygon  (measured  on  the  verticals  Ij  2, 

.  -  ,  ■  -  19,  20)  are  to  be  treated  as  imaginary  loads  and  to  belaid 
off  on  a  load  line  0  -  20  (at  the  left  of  the  figure),  so  that 

0-  1  =  intercept  on  vertical  through  strip  1 
1^2=        "  *^        "  *'  **     ^,  etc. 

The  length  of  this  load-line  is  the  reason  why  a  smaller  scale  was 

selected  for  the  ^.,  polygon, 

20,  To  construct  the  equilibrium  polygon,  take  any  point  0'  as 

pole,  draw  rays  0^  f>',  \-0\  2-0', 19 -O',  SO-f/. 

PFroni  any  jKjiot  a  on  the  vertical  through  the  left  support  draw 
a-c  parallel  to  0  -  0\  which  cuts  vertical  No.  1  in  i?;  draw  c-d 
parallel  to  1  ^  0\  wliich  cuts  vertical  No.  2  in  d;  draw  d-e  parallel 
to  2  -  0\  which  cuts  vertical  No*  3  in  ^5  and  so  on  until  the  vertical 
contauiing  the  right  support  is  intersected  in  the  point  &.  Join  ci 
to  i,  then  the  vertical  intercepts  between  the  closing  line  a-b  and 
the  equilibrium  polygon  are  to  some  scale  the  ordinates  of  the 
0 
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elastic  curve.  The  scale  depends  upon  the  horizontal  distance  H 
between  the  pole  0'  and  the  load  line  0-20  (called  the  "  pole-dis- 
tance ").  For  practical  reasons  it  is  desirable  to  obtain  a  polygon 
whose  ordinates  are  a  simple  multiple  of  the  actual  deforma- 
tions. 
The  ordinates  of  the  equilibrium  polygon  in  Fig.  27  are  five  times 


Fia.  27. 


full  size.  The  determination  of  the  pole-distance  which  furnishes 
this  particular  scale  is  the  only  point  about  Mohr's  method  which 
requires  a  little  brain  work.  To  find  //,  we  may  reason  as  fol- 
lows: 1  inch  of  the  -g^.  polygon   represents  ^qq  qqq  j^^^  '  ^^® 

232 
width  of  each  of  the  twenty  strips  is    '—  inch  =  11.6  inch ;  there- 

,  ^-.uuu  *<5x  11.6        6.96  .       ,, 

fore  a  strip  1  inch  high  represents -j^^^-  =  1^-^^^;  or,  m  other 
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words:  ^   -  '^  ^'*<^  ^*^^^'^  ^^^  ^^^^  elastic  weights- 


According 


to  tlj6  Ibeory  of  equilibrium  polygons,  the  value  of  the  moment 
(whether  cuused  by  imaginary  elastic  weights  or  by  actual  gravity 
weights)  at  any  point  6  of  the  beams  is 

31  —  Z/inch  X  scale  for  distances  x  y  inch  x  scale  for  weights 
in  which  II  —  the  pole  distance  ami 

f/  —  the  ordinate  of  the  equilibrium  polygon. 

21,  But,  as  before  proven,  tlie  nioinents  caused  by  the  elastic 
weights  equal  the  ordi nates  of  the  elastic  curve  or  deflections  S. 
Therefore  we  have  11  inch  x  scale  for  distances  >c  3^  inch  x  scale 
for  elastic  weights  —  d  inch. 

Now,  our  aim  is  to  make  ?/  —  5  6^  hence  we  obtain 

1  inch 


//  =  r 


5  K  scale  fur  dist.  x  scale  for  elastic  weit^hts ' 


or,  in  our  case  II  —  -r- 


lOnoo 


-7  =  2.88  inchesj  which  value  has 


o  K  lOU  X  %M 
been  usetl  in  Fig,  27. 

As  to  the  vertical  ]>osition  of  the  pole  0\  it  should  be  placed 
opposite  the  force  rc|)resenting  the  strip  in  the  centre  of  the  beam, 
so  that  the  closing  line  a-h  may  be  approximately  horizontaL 

Note, — Thisso  Tt^n tlrrs,  wbo  ore  fflmUiar  with  tlie  tht*nry  of  graphical  Btatics, 
will  know  fliflf,  if  the  jiole  0  btt  moved  verLicaJlj  up  an<l  dowoi  the  shape  of 
the  ecfUilihrium  polrgoti  mid  Ihe  incfmtitirjn  ui  its  closing  line  a  —  &  are  changed, 
but  that  the  luognitudc  of  its  oRUnotes  k  not  ntfected. 

If  it  should  be  required  to  have  the  closing  line  exactly  hori- 
zontah  the  ordi nates  n  found  in  Fig.  27  may  be  laid  off  from  a 
liorixoutal  axis,  which  is  nmch  easier  and  more  convenient  than 
the  scientiHc  method  of  determining  the  correct  vertical  position 
of  tlje  pole  0\ 

22.  To  find  the  directions  of  the  tangents  to  the  elastic  curve  at 
the  end  sections  of  the  beam,  we  proeeetl  ;ls  follows :  Prolong  the 
first  and  tlio  last  segments  a-c  and  g-h  of  the  equilibrium  poly- 
gon (rememlK?r  tliat  a-t  is  parallel  to  ray  O-O'  anil  g-h  is 
parallel  to  ray  30-{?')ydraw  verticals  l-m  and  n-p  100  inches 
distant  from  the  verticals  through  a  and  h  respectively;  measure 
Im  and  np  in  the  scale  of  the  ordinates  of  the  elastic  curve,  then 

Ty  =E  —-and  T^  —  T-^.    In  our  example  we  And  Im  =  0,142  inch 

and  np  —  0.139  inch,  which  gives  the  angles 
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r«  = 


n  = 


0.142       1.42 


100 

Q.139 

100"  ~  1000* 


1000 
1.39 


and 


23.  Comparing  these  figures  with  those  which  were  found  by 
the  double  integration  method,  we  see  that  the  former  exceed  the 
latter  by  about  3  per  cent.  As  neither  method  is  entirely  free 
from  small  inaccuracies,  it  is  impossible  to  say  which  of  the  two  is 
nearer  to  the  truth  ;  but  for  all  practical  purposes  a  difference  of 
only  3  per  cent,  is  immaterial,  because  our  assumptions  and  con- 
stants include  more  serious  errors  than  that.     The  greatest  deflec- 
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tion  is  0.95  inch  as  found  by  Mohr's  method  against  0.94  inch 
as  found  by  the  double  integration  method. 

There  can  be  no  doubt  that  the  graphical  (Mohrs)  method  is 
much  simpler  than  the  semi-graphical  method  (double  integration 
with  a  plani metre).  But  nevertheless  it  does  not  yet  represent  the 
highest  degree  of  simplicity.  Mr.  Vianello,  an  Italian  engineer, 
has  done  away  with  the  labor  of  distorting  the  polygon  of  bending 
moments  in  the  inverse  ratio  of  the  moments  of  inertia.  Instead 
he  varies  the  distance  between  the  pole  and  the  load  line  in  the 
direct  ratio  of  the  moment  of  inertia.  A  simple  reasoning  will 
prove  the  correctness  of  his  metliod. 

24.  In  Fig.  28  let  a-b  he  a  part  of  the  Jf-polygon  for  some 
beam.  For  simplicity  Jf  is  assumed  constant.  Let  /^be  the  mo- 
ment of  inertia  of  the  beam  from  ato  c  and  from y  to  b;  let ^  7^  be 
the  moment  of  inertia  for  the  portion  between  c  andf.    According 
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lo  the  rules  given  above  for  Molir's  method,  the  ordinates  between 

c  andy*  have  to  be  inultiplied  by  three,  vsrhieb  gives  the  M'-^AygoTi 

M 
(or,  to  another  scale^  the   ^^ -  polygon)    a-e-d-e -f- K     The 

onlinates  1,  %  3,  etc.  are  laid  off  on  a  load  line  0-S,  as  indicated 
by  the  figures  at  the  left  of  said  line.  The  polar  diiigrara  with 
pole  O*  and  the  corresponding  equilibrium  polygon  are  drawn. 
The  figures  at  the  right  of  the  load  line  denote  the  ordinates  of  the 

W 

straight  line  a-h,  that  is  of  the  original  J/^polygon  {or  ^--poly^ 

gon).  Ordinate  5'  is  only  one-third  of  ordinate  5,  and  it  is  evident 
that  the  segments  of  the  equilibrium  polygon  will  not  be  affected 
hy  the  shortening  of  the  ordinate,  if  we  lind  a  new  pole  0'\  so  tliat 
5-0"  wilt  be  parallel  to  ^-0\  Ohviously  6*"  must  lie  on  ray 
4-  0\  It  i-  0"  be  made  equal  to  one-third  of  4-  0\  it  follows 
from  the  similarity  of  the  triangles  O"  45'  and  0'45,  that  5'  -  (J'  is 
parallel  to  5  -  (?',  Similarly  6'-  0"  is  parallel  to  6  ^  0\  Here  the 
moment  of  inertia  assumes  the  original  value  /,,  hence  the  rest  of 
the  equilibnnni  polygon  hits  to  be  drawn  with  the  original  pole 
distance  /71  Prolong  6'-  (T  to  the  intersection  0"'  with  the  ver- 
tical through  pole  0';  then  T-O"*  will  be  parallel  to  7-  0'  and 

"  0''  parallel  to  8  -  0\ 

25,  But  as  the  shape  of  the  equilibrium  polygon  depends  merely 
^upon  the  direction  of  the  rays  in  the  polar  diagrajii,  the  two 
*nietha:ls  give  the  same  result,  and  the  truth  of  Vianello's  theorem 
is  proven. 

From  tlie  foregoing  we  derive  the  following  rule  for  the  con- 
struction of  the  elastic  curve  :  Draw  the  polygon  of  bending 
inoments  and  divide  it  into  a  sufficient  number  of  strips.     Consider 

sh  strip  as  an  imaginary  load,  draw  an  equilibrium  polygon  for 
these  loatls  and  vary  the  pole  distance  in  the  direct  mtio  of  the 
moments  of  inertia. 

M<  Fig,  29  is  an  application  of  this  principle  to  the  same  shaft 
which  has  served  to  illustrate  the  other  methods.  The  distribution 
of  toads  and  the  assumption  with  i*egard  to  the  moments  of  inertia 
cuincide  with  those  of  Fig.  24  and  need  not  be  repeated,  Tlie 
curve  under  the  sketch  of  the  shaft  is  the  polygon  of  bending 
moments,  divided  by  EI^^  where  /^  =  moment  of  inertia  at  centre 

of  shaft.    The  jrj  curve  presents  the  smooth  appearance  which 

is  usual  witli  curves  of  bending  moments,  in  contradistinction  to 
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the  ragged  outline  of  the  ^y  curves  in  Figs.  23, 24,  and  27.    The 

variations  in  the  cross  section  of  the  shaft  are  taken  care  of  by  cor- 
responding variations  of  the  pole  distance.    As  Fig.  29  contains 


**« 
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many  lines  and  is  not  so  lucid  as  the  previous  illustrations,  a 
detailed  description  of  the  construction  will  be  given. 

27.  Scale  for  distances  100  {i.e,^  1  inch  represents  100  inches) 
length  of  beam  between  outside  of  bearings  264  inches;  width 

of  each  strip  -^—  =  13.2  inches ;  1  inch  of  -^y  curve  representa 

6  TT  ^-luiu  *6^  13.2  inches 

-^-<K-F^K r-     Hence  a  strip  1  mch  high  represents  ^-^^,,,,  . — ; — 

100,000  mch  ^  for  100,000  inches 


7.92 
'10,000 


,  which  is  the  scale  for  the  "  elastic  weights." 


^  ,.      ordinates  of  equilibrium   polyo^on       ^     *i       *  i 

Katio    i. ^— i — . ^ — tL?5_  -  =  5     therefore  pole 


ordimites  of  elastic  curve 


distance  for  Iq  =  16,300. 


J^o=r. 


10,000 


5  X  100  X  7.92 


=  2.54  inches.     Further, 


//.  (for  /.  =  125,700)  =  ?:M  '^ l^JI^  =  about  19.5  inches 
and  JJ-i  (for  I,  =     7850)  =  -' -f  ——-'-     =  1.22  inches. 

10,oOO 


f&fe  DfeFLECTION   6f   BtAUS   Bt   GEAPHICS, 


135 


28.  In  order  to  obtain  the  closing  line  approximatelj  horizontal 
it  is  advantageous  to  begin  the  equilibriLim  polygon  near  tlje 
centre  and  to  work  both  ways,  that  is  to  the  right  and  to  the  left. 
The  moment  of  inertia  at  the  centre  is  /^  =  16.300 ;  this  seems  to 
call  for  a  pole-tlistanee  of  /7p  =  2.54  inches.  But,  as  /^  extends 
only  over  |  of  the  width  of  the  strips  10  and  11,  the  pole  distance 
must  be  increased  to  JT^-\-  i  (Hi- 11^)  which  gives  about  5  inches. 
With  this  distance  locate  C)'  opposite  the  lower  end  of  Juad  lOj 
(unfortunately  0*  falls  outside  of  the  limits  of  the  illustration), 
draw  rays  i\-  0\  W-0\  11  -  0\  and  the  segments  9,  10,  and  11, 
respectively  parallel  to  these  rays.  Prolong  rays  9-0*  and 
11-  0'  to  the  intersections  Oi  and  0/  with  a  vertical  19*5  inches 
distant  from  the  load  line,  draw  rays  Oi-S,  0^-7^  Oi-6,  and 
segmenta  8,  7,  6  respectively  parallel  to  them.  Similarly  dra\\^ 
rays  Oi-l%  Oi'-13,  Oi-14,  and  segments  13, 13, 14  respectively 
parallel  to  them.  The  intersections  of  rays  Oi-&  and  0/-14 
with  a  vertical  2,52  inches  distant  from  the  load  line  locate  two 
poles  Oq  and  Og' ;  draw  rays  (?o-  5  and  OJ  -  15,  and  segments  5 
and  15  parallel  to  these  rays.  A  vertical  1.22  inches  distant  from 
the  load  line  is  cut  by  the  rays  in  0^  and  in  O^'j  from  which  points 
draw  rays  to  the  rest  of  the  points  on  the  load  line.  Segments  4, 
3,  2, 1,  0,  and  16, 17j  18, 19,  20,  parallel  to  their  corresponding  rays 
and  the  closing  line  complete  the  equilibrium  polygon.  The  latter 
comes  very  close  to  the  curve  which  was  obtained  in  Fig*  24  and 
calls  for  no  further  remarks. 

29.  The  methotl  which  has  just  been  treated  and  which  might 
l>©  termed  "  the  multipolar  method,"  is  the  simplest  and  the  most 
rapid  for  draughtsmen,  whose  occupation  requires  frequent  con* 
structions  of  deflection  curves ;  but  it  must  not  be  overlooked  that 
men  who  have  to  deal  with  the  deformations  of  beams  and  shafts 
only  occasionally  are  apt  to  lose  their  way  among  the  great 
number  of  jxsles  and  to  make  serious  mistakes.  In  this  case  either 
of  the  two  other  given  methods  is  preferable, 

30.  Thei-e  exist  several  graphical  methods  of  integration  besides 
tliose  which  have  been  discussed  in  the  present  article,  but  as  they 
are  compiratively  unimportant  for  practical  use,  they  will  not  be 
explained  here.  Wlnle  the  graphical  computation  is  particularly 
well  fit  for  the  investigation  of  shafts,  it  is  by  no  means  restrictol 
to  such,  but  is  almost  equally  w*ell  suited  for  any  other  kind  of 
beam  which  is  either  supported  at  the  two  extremities  or  fixed 
(built  in)  at  one  end  and  free  at  the  other.     For  beams  of  variable 
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cross  section  which  are  rigidly  fixed  at  either  end,  the  purely 
analytical  calculation  fails  altogether  and  the  graphical  methods 
offer  the  only  possible  means  for  the  solution  of  problems  (even 
with  regard  to  strength  alone).  But,  while  for  beams  with  free 
ends  the  deflection  curve  for  the  moments  of  the  external  forces 
coincides  with  the  actual  deformations,  such  is  not  the  case  for 
beams  whose  ends  are  fixed.  Here  additional  deflection  curves 
for  the  moments  which  are  brought  into  play  by  the  fixing  of  the 
ends  have  to  be  drawn  and  to  be  combined  with  the  deflection 
curve  for  the  applied  loads.  The  application  of  these  theorems 
is  extremely  interesting,  but  it  cannot  very  well  be  treated  here, 
because  it  leads  too  deeply  into  the  theory  of  mechanics  and 
would  take  too  much  space. 
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FINER   sanEW   THHEADSA 

(llrtiicitflry  Mcmlwr  of  tin?  J^ocJcry.) 

1.  I  HAVE  far  several  years  felt  a  growing  conviction  that  the 
pitches  of  our  machine  screw  threads  arc  far  too  coarsc3^  and  ought 
to  be  changed.  They  rednce  the  area  of  the  holt  unnecessarily. 
The  Sellers  thread  made  a  considerable  gain  in  this  respectj  but 
in  the  larger  bolts  the  reduction  of  area  is  still  two  or  three  times 
as  much  as  it  needs  to  he*  Again,  the  incliDation  of  the  thread 
permita  the  nut  to  be  jarred  loose  easily*  For  these  two  reasons, 
threads  of  much  finer  fiitch  seem  to  be  called  for.     Finer  threads 

|Will  also  be  stronger  to  resist  stripping^  the  circle  on  which  the 
iear  must  take  place  being  larger.  This,  however,  is  of  no  prac- 
tical consequence,  as  the  strength  of  threads  to  resist  stripping  in 
nut3  of  standard  height  is  now  more  than  twice  the  strength  of 
the  holt. 

2.  The  gain  in  strength  of  the  bolt  by  the  use  of  finer  threads 
is  shouTi  in  detail  in  the  following  taljlej  and  the  reduction  of  the 
ineUnation  is  illustrated  in  the  diagrams.  The  system  there  rep- 
resented is  one  that  I  have  contemplated  for  my  own  use.  Other 
engiiieers  may  think  it  will  be  useful  for  them  also. 

It  mil  be  observed  that  fractions  and  odd  numbers  are  avoided, 
and  that  the  coarsest  thread  is  six  to  the  inch.  Sharp  angles  at  the 
bottom  of  threads — oven  the  obtuse  angles  of  150  degrees  in  the 
Sellers  thread — invite  fracture,  especially  in  steel.  A  very  small 
arcj  preserving  continuity  of  surface,  ^ill  remedy  this  defect  In 
this  system  the  angles  will  be  rounded  and  filleted  to  the  radius  of 
.0045  inch. 


•  Pre^ienfed  it  tlie  Sew  York  rapetin^  ( Decern !>er,  1903)  of  tlje  AmprlcATi  Boei^ty 
of  M^f^Hanicftl  tlngineers,  &iid  fnnumg  part  of  Volame  XXtV.  of  the  Tranmnwn^, 

f  For  further  references  on  the  same  ti>pie  roji^uh  Trnnsfjetifmt  as  follows  ; 
Nol  9.  vol.  i,»  p.  123  :  "  Standurd  J^ia^tfi  of  Ber€?w  Threads/*    G.  R,  StPtson. 
Ho.  944,  v«*l,  xxiiL,  p.  60^:    "Propoaed  Standard  for  MacLine  Screw  Thread 
C.  C.  Trier, 
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The  accompanying  outline  (Fig.  30)  represents  the  finest  thread, 
twenty-four  to  the  inch,  magnified  fifty  times.  This  arc,  of  .0045 
inch  radius,  it  will  be  seen,  rounds  this  thread  completely.  The 
bottom  of  the  coarsest  thread,  six  to  the  inch,  is  also  represented, 
on  the  same  scale,  in  a  dotted  line.  It  shows  the  efiiciency  of  this 
arc  to  avoid  the  breaking  angle  in  all  threads.  This  last  feature 
I  shall  apply  also  to  pipe  threads. 

3.  It  will  be  observed  that  in  the  bolts  most  commonly  used 
the  increase  of  strength  averages  about  20  per  cent.,  and  that  in 
all  the  bolts  above  2J  inches  the  strength  of  each  bolt,  threaded 


Fig.  30. 

on  the  system  here  proposed,  will  equal  or  exceed  the  strength  of 
the  next  larger  bolt,  threaded  on  the  existing  system. 

4.  The  reduction  of  inclination  effected  by  the  proposed  system 
will  be  best  shown  by  the  graphical  method.  For  this  purpose  I 
have  selected  the  1-inch  bolt.  If  a  right-angled  triangle  be  drawn^ 
the  base  of  which  is  equal  to  the  circumference  of  the  top  or  of 
the  bottom  of  the  thread,  and  the  height  equals  the  pitch,  the 
hypotenuse  will  represent  the  inclination  of  the  thread  and  its 
length  in  one  revolution. 

But  these  angles  are  too  small  for  distinct  illustration.  I  have, 
therefore,  drawn  the  following  diagrams.  Figs.  31  and  32,  to  two 
scales.  The  horizontal  scale  is  full  size.  The  vertical  scale  is 
ten  times  full  size.  In  these  the  relation  of  the  inclinations  to 
each  other  can  be  accurately  observed.  It  will  be  seen  that  while 
the  reduction  of  the  inclination  at  the  top  of  the  thread  in  this 
bolt  is  50  per  cent.,  its  reduction  at  the  bottom  of  the  thread  is 
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considerably  more  than  50  per  cent.     Any  one  who  is  so  inclined 
can  compute  these  inclinations  in  each  of  the  thirty-four  bolts. 


Fia.  81. 


The  above  illustration  seems  sufficient  for  the  purpose  of  my 
argument. 

6.  In  conclusion,  I  take  pleasure  in  acknowledging  my  obliga- 


Fio.  32. 


tion  to  Mr.  H.  F.  J.  Porter  for  valuable  aid  in  the  preparation  of 
this  paper;  especially  for  the  suggestion  to  round  the  angles  of  the 
threads.  The  increasing  use  of  steel  as  the  material  for  bolts 
renders  this  feature  one  of  special  importance. 


DISCUSSION. 


Mr.  Charles  T.  Porter, — I  have  one  word  to  say.  Mr.  John 
D.  Gill  kindly  sent  me  a  paper  read  by  him  before  the  Franklin 
Institute  in  November,  1887,  on  the  subject  of  changing  screw 
threads,  and  I  find  this  sentence  in  that  paper,  which  I  would 
like  to  bring  to  the  notice  of  the  Society:  ''  Fine  threads  have 
frequently  been  suggested,  and  your  committee  in  1864" — that 
is  the  committee  of  the  Franklin  Institute — ''  gave  some  consid- 
eration to  the  question,  but  the  many  objections  urged  against 
fine  threads  induced  the  committee  to  reject  it."  I  have  never 
been  able  to  learn  what  those  objections  were,  and  I  hope  that 
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Wi©  (liscussioo  may  hring  llioin  f>tit,  if  there  ai*e  ati\^  real  <ilija> 
tions  to  theee  thrc5acls  winch  I  have  i)rojK>s(3d  in  this  pawr. 

Mr,  Frifd  J,  MilUi\ — I  imderstund  that  when  the  pro^nt 
stancUmI  of  thre^ls  was  aii(>])teil  by  the  Fmiikliii  Inatitute  the 
questioTi  of  wear  was  consitlereil,  and  I  bdiev'e  it  has  been  fotind 
in  using  threads  that  a  fine  tiiread  screw  whieii  must  he  fre- 
fiuentl^^  remo%"eil  and  inserted  and  tif^ditenod  up  will  Wf*ar  nmch 
faster  tlian  one  with  a  coarser  thread,  and  I  think  that  was  con- 
sidered in  detennining  the  pitch  of  the  threads  selected  at  tliat 
time.  That  is  perhaps  a  partial  answers  at  least,  to  Mr.  Porter^s 
request  for  information  as  to  the  way  the  coarser  threads  were 
chosen.  They  had  to  consider  all  jjossihle  |>oints,  and  they  chose 
a  standard  liased,  I  believe,  on  what  they  found  to  be  the  prac- 
tice of  the  machine  shops  of  the  country;  they  then  adopted  a 
com  promisee  between  all  the  various  considerations.  It  is  well 
known  that  the  present  screw  threads  are  too  coarse  for  steel 
screws,  esjiecially  those  wliich  are  put  in  jilace  and  i^main  thei-e, 
but  it  is  qiiostiormhle  Miiether  they  are  too  coarse  for  tliose  screws 
or  nuts  which  must  be  frequently  removed  and  replaced,  and 
whicli  may  fail  eventually  by  wean 

M(\  Gm  C.  Ifemrhtfj, — Anotlier  objection  which  was  offered 
at  that  time  was  this— that  the  dies  and  taps  wear  off  just  as  fast 
f*ir  liner  tii reads  as  they  do  for  coarser  ones.  This  identical 
wear  of  taps  and  dies  will  be  relatively  larger  in  the  finer  than 
in  the  coarser  threads,  but  I  do  not  think  that  that  will  affect  the 
aeciinicy  of  threads  for  the  larger  sixes.  Of  course  in  the  sntaller 
th rends,  from  quarter-incli  down^  that  differcTice  in  wear  would 
affect  the  fit  between  nuts  and  boltSi  and  it  would  make  a  very 
a|>preciable  amount,  and  the  result  would  he  that  taps  and  dies 
would  have  to  be  repUicecl  much  quicker.  That  was  considered 
at  the  time  as  another  objection  to  introducing  finer  threads  than 
have  been  proiK>s©d  hy  the  Franklin  Institute, 

Mr,  Porter, ^~l  will  state  what  occurs  to  me  in  respect  to  this 
subject  of  wear,  that  if  we  take  an  inch  bolt,  for  example,  10 
threads  instead  of  %  the  wear  on  those  10  threads  should  not  bo 
any  greater  than  the  wear  on  tO  threads  to  an  inch  in  a  liolt  |  of 
an  inch  diameter  on  which  they  are  now  used,  and  that  has  never 
been  noticed — that  wear— that  I  know  of;  and  if  that  is  the 
only  objection  I  think  that  falls  to  the  ground.     On  the  smaller 
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bolts  the  threads  are  not  materially  changed.  That  is  my  an- 
swer to  the  suggestion  in  respect  to  wear.  I  should  say  that  on 
the  point  of  rounding  the  angle  of  the  thread,  the  importance 
of  that  has  grown  upon  us,  and  I  have  put  this  sentence  at  the 
end  of  the  paper:  ''  The  increasing  use  of  steel  as  the  material 
for  bolts  renders  this  feature  " — rounding  the  angles  of  threads 
— "one  of  si>ecial  importance."  I  understand  that  steel  bolts 
break  in  the  most  unexpected  manner  on  account  of  the  square 
angle. 
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A  J^EW  OIL-TESTING  MACHINE  AND  SOME  OF  ITS 

RESULTS.\ 


(MemlK^T  of  tlio  Hockty,) 

1,  It  lias  boeome  well  recognized  by  experimenters  that  there 
are  two  important  properties  of  lubrieating  oils  and  greases  on 
which  their  value  depends-^viscosity  and  body.  Viscosity  is  tlic 
property  by  virtue  of  which  the  lubricants  form  comparatively 
thick  films  bet^^een  rubbing  surfaces^  permittltig  perfect  lubrica- 
tion, a  property  which  is  well  understood  and  capable  of  precise 
measurement*  Thurston  early  pointed  out  the  case  of  perfect 
hibriealirm  as  prnbably  capaVjle  of  exact  uintheiiiatieal  treatiiierit,:j: 
and  Reynolds,  in  18 SO^  piibllsbed  an  elaborate  analysis  of  such  a 
casCjl  with  application  to  the  exf:»eriments  of  Beauchantp  Tower- II 

2.  As  the  result  of  computations  from  Tower's  data,  Reynolds 
.  found  that  the  miuimura  thickness  of  the  oil  fibn  and  the  difference 

of  the  radii  of  the  brass  and  the  journal  were  .000375  and  ,00077 
inch  respectively,  the  load  being  100  pounds  per  square  inch  and 
the  diameter  of  the  journal  4  inches.  In  1899  the  writer  experi- 
mented with  a  journal  3*83  inches  in  diameter  and  10  inches  long, 
bearings  and  journal  having  exactly  tlie  same  radiua.    The  chords 


•  PMtsented  ttt  tho  New  York  meeting  (Diccmber,  l$02)of  tUe  Afneric«ii  Socictj 
of  M©Gbtint<;iil  Eogiiieerg,  and  fonaiing  part  of  Volume  XXIV.  nf  the  TranmHimis. 

f  For  furtUor  r<?ferences  on  the  saoie  topic  st*e  Tyifn^drtwnn  as  followss  : 
No,  T,  vol,  i.,  p.  73:  '* Measurement  of  the  Friction  of  Lubricating  Oik."     C.  .1, 

IL  Woorlbtirj. 
No.  120,  Tol,  iVm  p.  815:   **Ei?ononiy  in  Lubricatlbn  rvf  Machinery/*    Qeo.  N, 

Comlj. 
Ko.  im,  vol.  vL,  p.  130: 

H.  Woodbiirj. 
No.  173.  vol.  vL,  p.  437: 

Thurston, 
Ko.  4fJ4,  vol.  si,,  p.  1013  :  '^Dnrabilitj  of  Ijnbncjinifl."    J,  E.  Denton, 
No,  433,  vol.  xii.,  p.  405  ;  *'  Hpecial  Experiments  with  Labrlcants."    J.  K.  DentoD. 
t  '*  Friction  and  Lost  Work."     Wiley  A  Sons. 
g  *'  Thmrj  of  Lnhrication  *'    Phil.  TnntA.,  lR8d. 
I  Proc^diftgi  f^f  the  Inst.  Mcchanktd  Engineer  a  ^  1884» 


'*  Measurements  of  Friction  of  Lubricating  Oils***     C,  J. 


*'Talaatlon  of   Lubricants  li?  Consume  us."     !L  U. 
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of  the  bearing  surfaces  were  3  inches  each,  the  speed  80  and  190 
revolutions  per  minute,  and  the  journal  was  flooded  with  machin- 
ery oil.  By  measurement  of  the  displacement  of  the  bearings 
the  oil  film  was  found  to  have  a  mean  thickness  of  from  .00021  to 
.00023  inch  under  loads  varying  from  27  to  270  pounds  per 
square  inch. 

3.  A  condition  essential  to  the  formation  of  such  films,  as  shown 
by  Reynolds,  is  that  the  rubbing  surfaces  should  have  a  very  slight 
inclination  to  each  other  in  the  direction  of  their  relative  motion. 
This  condition  is  generally  fulfilled  by  a  slight  difference  in  the 
radii  of  the  journal  and  the  bearing,  due  to  the  original  looseness 
of  fitting  or  to  wear.  When  the  loads  are  very  great  or  the  sur- 
faces irregular,  or  when  the  conditions  are  otherwise  such  as  to 
make  the  necessary  inclination  impossible,  it  is  well  known  that 
the  action  of  the  lubricant  is  imperfect  and  frequently  very  de- 
fective. In  such  cases  the  theory  of  Reynolds,  which  so  clearly 
accords  with  experiment  for  the  conditions  of  perfect  lubrication, 
becomes  quite  inapplicable;  nor  has  any  theory  been  formed  which 
applies  to  these  imperfect  or  extreme  conditions.  Such  cases 
occur  in  pivots,  where  the  surfaces  are  necessarily  parallel,  in 
cylindrical  bearings  which  are  too  closely  fitted,  in  any  portion  of 
any  bearing  surface  where  the  pressure  is  unduly  high,  and  in 
heavily  loaded  bearings  generally.  Under  any  of  these  circum- 
stances the  effect  of  the  lubricant  in  reducing  friction  depends 
mainly  upon  the  "  body  "  or  "  oiliness."  The  nature  of  this  prop- 
erty, or  combination  of  properties,  is  not  well  understood,  but  it 
appears  probable  that  it  is  an  intensified  viscosity  in  that  part  of 
the  fluid  within  the  region  of  attraction  of  the  surface  molecules 
of  the  metal. 

4.  One  of  the  most  frequent  causes  of  contradictory  results  in 
friction  tests  is  that  the  effects  of  viscosity  may  readily  mask  the 
effects  of  body,  and  another  cause  is  found  in  the  changes  in  the 
rubbing  surfaces  which  always  take  place  with  wear,  and  which 
must,  therefore,  accompany  any  test  for  body. 

In  any  well-fitted  journal  in  which  perfect  lubrication  exists, 
the  friction  is  determined  by  the  speed,  the  pressure,  and  the  vis- 
cosity of  the  oil.  Varying  any  one  of  these  factors  while  keep- 
ing the  others  constant,  there  is  some  value  of  the  variable  for 
which  the  coefficient  of  friction  is  a  minimum  *  and  which  at  the 

*  Tliuraton  :  "Friction  and  Lost  Work,"  pp.  811,  826.  Woodbury  :  "Meas- 
urement of  Friction  of  Lubricating  Oils,"  TranaaetioM  A.  8.  M.  B.,  vol.  vi.,  p.  151. 
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same  time  marks  very  nearly  the  limit  nf  the  variable  for  tlie 
eoudition  o£  perfect  lubrication.  This  is  illustrated  by  the  curves 
plotted  in  Fig,  34^  representing  tests  nuule  on  tin?  machine  de- 
scribed  later*  In  these  tests  the  load  and  the  speed  were  kept 
constant,  the  viseosity  of  the  oil  being  varied  in  eaeh  case  by 
varying  the  temperature.  For  each  of  the  three  oikj  the  mini- 
mum coefficient  of  friction  is  reached  at  a  temperature  of  about 
180  degrees  Fahr.j  with  the  given  speed  and  pressure.     As  the 
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temperature  varies  either  way  from  this  value,  the  coefficient  of 
friction  increases;  on  the  one  hand  increasing  with  the  viscosity 
of  thr  nil,  the  metalbc  surfaces  heitig  eomiiletely  separated  by  a 
meat?iirably  thick  film;  on  tlie  otlicr  hand  increasing  because  the 
decreased  viscosity  permits  the  surfaces  to  approach  so  that  some 
parts  of  the  nominal  beariu^  areas  are  subjected  to  very  intense 
pressures,  up  to  the  limits  of  strength  or  plasticity  of  the  metals. 
It  is  in  these  localities  that  the  body  of  the  lubricant  determines 
to  some  extent  the  friction  and  the  wear  of  the  journal,  the  vis- 
cosity being  also  effective  on  some  parts  of  the  area. 

5.  The  relations  of  the  coefficient  of  friction  to  the  other  vari- 
ables, in  a  journal  giving  results  as  plotted  in  Fig*  34,  may  be 
stated  as  follows ; 
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It  is  thus  seen  that  the  eflfeets  of  b()dy  and  of  viscosity  are  in 
nearly  all  respects  diametrically  opjK>.^jt^j  and  that  it  must  neces- 
sarily be  very  difficult  to  derive  reliable  information  regarding 
the  lubricating  values  of  oils  from  friction  tests  in  which  the 
effects  of  viscosity  and  those  of  body  are  not  separately  recogniz- 
able. Under  this  consideration,  methods  of  testing  which  are 
described  in  this  paper  are  arranged  with  speeial  reference  to  the 
conditions  under  which  the  effects  of  eitlier  property  may  be  in- 
vestigated independently  of  the  effects  of  the  other.  The  appa- 
ratus used  is  serviceable  also  for  tests  under  any  intermediate 
condition, 

6,  Fig.  33  sliowB  the  general  appearance  of  the  testing  machine, 
for  the  frame  and  driving  parts  of  which  a  14-inch  drilling  ma- 
chine was  utilized.  The  test  journal  has  its  axis  vertical j  it  is 
suspended  from  the  spindle  by  means  of  a  flexible  coupling  and 
runs  between  two  opposed  l>earings  in  a  cylindrical  cup  or  case, 
which  may  be  filled  with  the  oil  to  be  tested  if  a  "  bath  **  is  d^ 
Bired.  The  load  on  the  bearings  is  provided  by  ineantj  of  a  helical 
spring  of  000  pounds  eapacity^  with  screw  adjustment  and  with 
a  device  for  quick  application  or  removal  of  the  load  without  dis- 
turbing the  adjustment*  This  spring  is  enclosed  in  a  horizontal 
tube  attached  to  the  siile  of  the  oil  case.  The  cup  has  a  cover 
with  a  small  hole  for  the  insertion  of  a  thermometer, 

7.  The  cup  and  attached  parts  are  borne  on  a  hollow  vertical 
spindle  1 1  inches  in  diameter,  turning  freely  in  a  sleeve  supported 
from  the  frame  of  the  machine ;  the  spindle  extends  about  two  feet 
below  the  sleeve  and  is  suspended  from  a  fixed  bracket  by  a  tem- 
pered steel  wire  passing  thr<nigh  the  spindle  to  its  lower  end*  In 
testing^  these  suspended  part^  turn  f re<dy  to  a  position  where  the 
torsion  of  the  suspeuj^ion  wire  balances  the  frietion  at  the  tast 
journal,  and  the  angle  of  torsion,  which  may  be  as  great  as  270 
degrees,  is  read  from  a  graduated  disk.  The  suspended  parts 
being  counterbalaneedj  there  is  no  appreciable  pressure  of  the 
spindle  against  its  sleeve;  and  when  the  oil  in  this  bearing  becomes 
evenly  distributed,  there  is  no  errnr  from  friction*  as  has  been 
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amply  proven  by  tests  with  an  **  optical  levi^r ''  as  well  as  by  the 
iinifoniiity  of  the  results*  in  use.  At  the  Mine  tinie^  the  viscosity 
of  th(T  t>il  serves  the  purpose  ij£  damping  tho  oscillations  which 
arise  from  variations  in  speed  or  friction  at  the  test  jonrnaL  This 
mode  of  suspension  gives  large  imlieations  for  very  small  frictions 
at  the  test  journal,  while  a  heUeal  spring  placed  on  the  extension 
of  the  spindle  is  added  for  tests  involving  great  friction, 

8,  The  cup  and  the  test  journal  ci^ntained  in  it  may  be  heated 
as  desired  by  a  Biuisen  tiame.  The  revohitions  of  the  journal  are 
indicated  by  a  counting  dence,  not  shown  in  the  figure. 

9,  For  tests  involving  perfect  lubrication  (friction  duo  to  vis- 
cosity only),  the  test  journal  used  is  1|  inches  diameter,  of  tool 
steely  hardened,  ground,  and  polished.  The  brasses  are  sectors 
cut  from  a  ring  finished  in  tlie  lathe,  each  having  an  are  of  about 
120  degrees  and  a  length  of  2  inches.  These  brasses  are  fitted 
with  some  care,  so  that  when  perfectly  clean  they  may  be  made 
to  adhere  to  the  journal  after  the  manner  of  well-fitted  "  surface 
plates/'  lu  making  tCHti*,  care  is  taken  in  prevent  w^ear  of  these 
parts,  which  are  iised  only  under  such  loads  that  the  oil  film  effects 
complete  separation  of  the  surfaces  and  entirely  prevents  wear" 
the  load  is  always  relieved  before  starting  or  stopping  the  journal; 
and,  finally,  a  friction  device  in  the  driving  coupling  safeguards 
the  journal  from  motion  against  excessive  friction.  The.se  pre- 
cautions against  wear  are  necessary  to  insure  the  constancy  of 
results^* 

10,  It  will  be  noted  that  the  above  conditions  are  not  such  as 
occur  in  practice;  but  it  slK^nld  also  be  noted  that  this  nu^thod  of 
testing  is  intended  to  sliow  the  effects  fif  viscosity  in  lubricants  and 
not  the  varying  imperfection  of  any  i>articular  bearing  surfaces 
subjected  to  wear. 

IL  In  Figs,  ti-^  to  iJ7  are  yhown  curves  plottcfl  fr<im  k.'.sts  made 
with  the  test  journal  and  bearings  just  described,  a  bath  of  oil 
being  usefl  in  eaeli  instance.  Figs,  34-,  '5f>,  and  37  show  the  effects 
of  variation  in  viscosity  upon  tiie  friction*  both  hy  tlie  use  of  oils 
of  different  viscosities  and  by  the  variation  in  viscosity  due  to 
change  of  temjjerature.  In  Fig.  *M,  the  lard  oil  and  the  olive  oil 
have  very  nearly  the  same  viscosity,  the  lard  oil  being  slightly 
more  viscous,  as  is  also  and  more  clearly  shown  in  Fig.  35;  the 
niineral  oil  (Fig,  34)  is  more  viscous  than  either  at  low  tempera- 
tures, but  less  at  high  temjicratures  (see  also  Fig,  3S),  Fig.  36 
shows  the  friction  of  four  cylinder  oils  with  varying  temperatures ; 
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Fig.  37,  four  engine  oils.  Fig.  38  shows  relations  of  friction,  speed, 
tiud  viscosity  for  five  oils  at  three  different  speeds;  the  viseoi^ity  was 
found  bj  the  ordinary  and  rather  crude  pipette  method.  These 
ciirvcSj  olthuugh  relating  to  conditions  not  far  renioved  from  the 
limit  of  capacity  of  the  journalj  approximately  verify  Keynolds' 
deduction  that  the  friction  ia  proportional  to  the  viscosity  of  the 
oilj  and  thc^y  also  show  the  friction  to  vary  roughly  as  the  square 
root  of  the  speetL  The  data  fur  Fig.  38  wt^re  taken  from  average 
results  of  tests  made  in  the  laboratory  of  the  Worcester  Poly- 
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technic  Institute,  by  members  of  the  class  of  1901;  the  degree  of 
certainty  attained  in  the  fricHon  tests  may  be  illustrated  by  the 
folio  wing  values  of  the  coefficient  of  friction  found  by  the  succes- 
ive  experimenters,  no  corrections  being  made  for  variations  in 
speed  nor  for  errors  in  calibration  of  the  torsion  wire. 
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It  may  be  noted  that  the  lowest  coefficients  of  friction  shown 
in  Figs.  34,  36,  and  37  are  extremely  small,  and  the  writer  believes 
them  to  be  smaller  than  any  hitherto  recorded  for  lubrication 
maintained  solely  by  the  motion  of  the  joumaL  The  minimnm 
friction  is  but  one-fifth  of  that  of  the  best  ball  bearing,  as  far  as 
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Fig.  86. — Friction  Tests  of  Ctlindeb  Oils. 
Pressure,  340  Pounds  per  Square  Inch.    Speed,  94  Feet  FEB  MnarriE. 


tests  of  the  latter  have  been  recorded.  The  value  for  the  mini- 
mum coefficient  for  all  oils  tested  on  this  journal  has  been  found 
to  be  approximately  .0006,  whatever  the  speed,  pressure,  and  tem- 
perature by  which  the  minimum  coefficient  may  be  determined; 
the  oils  varying  from  "  spindle  "  to  "  cylinder,"  the  speeds  from 
42  to  101  feet  per  minute,  the  pressures  up  to  340  pounds  per 
square  inch  and  the  temperatures  up  to  340  degrees  Fahr.     Very 
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nearly  the  same  minimum  coefficient  was  found  in  the  writer's 
tests  *  of  a  journal  lubricated  bj  air  only;  the  value  in  which  case 
was  .00075. 

12.  For  tests  for  comparing  oils  with  respect  to  body  or  oiliness, 
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Fig.  37.— Friction  Tests  of  Engine  Oils. 
Pressubb,  170  Pounds  per  Square  Inch.    Spesd,  94  Fekt  per  Minute. 

the  best  results  have  been  obtained  by  the  use  of  a  hardened  and 
polished  steel  jounial  \  inch  in  diameter,  running  between  two 
brass  bearings  about  1  inch  long;  on  this  small  journal  pressures 
up  to  8,000  pounds  per  square  inch  may  be  applied  if  necessary. 
The  samples  of  oil  to  be  compared  are  contained  in  small  brass 
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cups  placed  iaside  the  case  and  surrounding  the  te«8t  journal,  each 
cup  having  a  wire  for  transferring  oil  to  the  journal;  the  case| 
samples,  and  journal  are  together  heated  to  any  desired  tempera- 
ture, 

13.  In  teisting  for  Ijotly,  the  oils  are  comparted  in  pairs,  being  a]> 
phVni  alternatelv  at  tlie  upper  end  of  the  bearing;  one  being  applied 
until  the  friction  becomes  constant  or  nearly  so,  the  other 
is  then  applied  until  it  displaces  the  firgt,  and  again  the  friction 
becomes  constant  at  the  new  value;  this  process  is  repeated  several 
times.  The  oil  giving  the  less  friction  is  assumed  to  have  the 
greater  body*  In  this  way  the  order  of  the  body  values  of  six 
samples  of  oils  of  the  same  class  may  generally  be  determined  for 
any  given  temperature  in  an  hour  or  less ;  the  friction  indications 
rapidly  follow  the  changes  of  the  oils  and  are  generally  quite  coa- 
sietent  When  the  oils  to  be  compared  are  of  different  classes  (as 
mineral  oils  with  fixed  oils),  the  first  friction  indications  on  chang- 
ing oils  are  frequently  misleading,  and  a  longer  time  is  required 
to  insure  certainty  of  results, 

14.  Tlie  sj>eeds  for  the  body  tests  are  made  rather  low  and  pres- 
sures not  unnecessarily  high,  in  order  to  avoid  heating  and  wear  of 
tlie  journal,  since  it  is  essential  for  comparative  purpose^s  that  the 
surfaces  should  be  in  the  same  condition  for  both  samples  comyuired 
— a  requisite  which  above  all  others  led  to  the  development  of  this 
method  of  testing.  Again,  the  actual  temperature  of  the  oil  at 
the  test  surfaces  is  shown  more  nearly  by  the  thermometer  if  but 
little  heating  by  friction  be  permitted*  The  writer  has  not  found 
the  order  of  body  values,  as  determined  by  this  method,  to  vary 
with  the  speed  or  the  pressure  within  a  considerable  range.  A 
speed  of  50  to  100  revolutions  (3  to  6  feet  per  minute),  with 
sufficient  pressure  to  make  the  coefficient  of  friction  only  as  great 
as  .01  to  ,03^  have  been  found  most  satisfactory;  the  pressures 
being  from  500  to  5,000  pounds  per  square  inch,  according  to  the 
character  of  the  oils. 

15.  The  results  of  this  method  of  testing  for  body  agree  thor- 
oughly with  the  principal  fact  hitherto  established  with  regard 
to  body  as  distinguished  from  viscosity— namely,  that  the  mineral 
oils  as  a  class  have  much  less  body  than  the  animal  and  vegetable 
oils.  For  example,  in  a  body  test  of  mineral  oil  and  lard  oil 
having  viscosities  98,9  and  8S,7  respectively  at  90  degrees  F,,  m 
determined  by  the  Dudley  pipette,  the  lard  oil^  although  the  less 
viscous,  gives  very  decided  evidence  of  greater  body,  by  its  much 
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smaller  friction.  On  the  other  hand,  certain  cylinder  oils,  wholly 
or  largely  mineral,  and  exceeding  lard  oil  greatly  in  viscosity  have 
also  greater  body  than  lard  oil. 

16.  The  method  of  testing  readily  indicates  differences  in  body 
in  samples  of  nominally  the  same  oil  from  different  manufac- 


/O        S^Q      3b      40      so       ^0        7Q       80      fS       /90     //O 
Aclatikc  l/iscosify      dy    T^pctte^ 

Fig.  38 — Friction,  Viscosity,  and  Speed. 
Pbessurb,  340  Pounds  peu  Square  Inch.    Tempkkature,  90  Degrees  Fahr. 
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turers,  such  as  lard  oil;  change  of  body  in  a  given  fixed  oil  on 
exposure  to  the  air  for  some  time;  the  addition  of  small  propor- 
tions of  mineral  oil  to  animal  or  to  vegetable  oil,  or  vice  versa. 

17.  Among  the  specific  results  thus  far  obtained,  the  four 
cylinder  oils  whose  variations  of  viscosity  with  temperature  are 
shown  in  Fig.  36,  were  found  to  liave  body  in  the  same  order  as 
viscosity;  the  body  being  tested  at  180  degrees  and  312  degrees 
Fahr.  Similar  results  were  found  for  tlie  oils  in  Fig.  37.  Again, 
samples  of  castor,  lard,  olive,  and  sperm  oils  were  placed  in  the 
order  named  by  the  body  test,  which  order  was  the  same  as  that 
of  their  viscosities.  It  thus  appears  that  body  is  in  some  way 
related  to  viscosity,  but  the  relation  must  be  quite  different  in  the 
mineral  oils  and  the  fixed  oils. 

18.  The  following  tables  of  observations  will  serve  to  show  the 
character  of  the  numerical  results  of  tests  made  in  this  way,  the 
oils  compared  being  in  the  first  case  two  samples  of  lard  oil,  and 
in  the  socond-case  two  engine  oils,  Nos.  28  and  29  (see  Fig.  37  for 
viscosity  tests);  speed,  105  revolutions  per  minute  (6.9  feet  per 

minute): 

Body  Tests  op  Winteti  Strained  Lard  Oils. 

Load,  800  lbs.;  prewnre  2,5JV0.  lbs.  pq.  in. 


Oil  No. 

Tor>«ion,  DegrecB.                 Coefficient  of  Friction. 

Tcmpermtarc  Fahr. 

1 

33 

.0233 

73 

2 

25 

.0176 

•  •  • « 

1 

31 

.0218 

.... 

2 

24 

.0169 

• .  • « 

1 

30.5 

.0215 

.... 

2 

23  5 

.0166 

•  • .  ■ 

1 

29  5 

.0208 

2 

23 

.0162 

72 

Body  Tests  op  Encine  Oils. 

Oil  No. 

Torsion,  Dcgrocs.           '       Coefflclcnt  of  Friction. 

Temperature  Fahr. 

Load,  20U  IbH.;  prchsure,  1,700  Ibn.  sq.  in. 

29 

11.5 

.0124 

69 

28 

15 

.0161 

09 

29 

11 

.0118 

69 

28 

15 

.0101 

69 

Load,  lOfi  lb.«.;  prcHHure,  850  lb$».  pq.  in. 

28 

8.5                  1                   .0182 

120 

29 

4.0                                  .0086 

120 

28 

5.0                1                  .0107 

120 

21) 

3.5 

.0075 

120 
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Thus,  while  the  coefficient  of  friction  is  not  always  constant 
for  any  one  oil,  the  ono  effecting  the  greater  reduction  of  friction 
is  readily  distingiiiehed^  and,  hence,  is  to  be  regarded  as  ha^-ing 
the  greater  hody.  This  appears  to  be  the  principal  use  which 
can  be  made  of  the  onmerieal  reaults,  Rince  the  mean  ralues  of  the 
coetBcients  of  frietion  are  not  characteristic  of  the  oils,  but  de- 
pend also  upon  the  varying  degree  of  roughness  of  the  surfaces^ 
the  loadfl,  the  s[ieeds,  the  temperatures,  and  the  kinds  of  metals 
lorming  the  journal  and  the  bearing.  Nevertheless,  great  or 
lall  differences  in  the  values  of  the  coefficients  of  friction  must 
^ listen  as  indicating  correspondingly  great  or  small  differences 
m'hodj, 

Disctrssiny. 

Prof,  It. IL  Thnr^ton, — Profe^^sor Kingsl)ury's paper i?Ti]>resses 
me  as  being  a  very  exceptionally  valuable  contribution  to  the 
literature  of  its  subject.  The  residts  of  his  investigation,  as  iUus- 
trat-eil  by  the  diagranis  ])resenteiU  have  this  very  important  pecul- 
iarity: that  they  exhibit,  as,  I  think^  never  lias  been  done  before, 
tlie  laws  of  variation  of  frictiotial  resistance  when  the  luliricant  is 
maintainetl  in  an  invariable  state,  and  in  such  manner  as  to  shoAV 
pret^isely  what  are  the  effects  uixin  thoroughly  lubricated  sur- 
faces, of  simple  change  of  temperature  and  of  simple  variation  of 
pressore,  oncompUcatcd  by  variations  of  condition  of  the  metal 
$tnrfac6B  l»etween  which  the  lubricants  are  [>laced.  These  curves 
are  the  mogt  complete  and  the  smoothest,  on  the  whok%  that  I 
have  yet  met  ivith,  with  perhajis  the  single  exception  of  some  of 
thc^e  of  Woodbury,  representing  his  experiments  on  the  mineral 
oils,*  These  later  tests,  however,  have  greater  range,  and  are 
also,  in  part,  outside  the  limit  of  the  earlier  work.  These  extraor* 
dinarily  low  coefficients,  also  would  seem  to  indicate  a  more 
|H*rfect  attainment  of  the  condition  of  maximum  effectiveuess  of 
luhrication ^complete  sepamtion  of  the  metals,  the  film  of  oil 
Ijei n g  m ai n tai n e<l  in tac 1 1 h ro u g bout ♦  I n  a  11  earl i e i*  e x j>* ^ i i m en ts » 
we  find  evidence  of  more  or  less  metallic  contact  and  nibbing  at 
some  stage  of  the  experiment,  converting  fluid  into  solid  friction 
and  introducing  a  change  of  the  law  of  variation,  thus  giving 
corves  of  correspondingly  varying  law.     Such  changes  of  con- 


**' Friction  wid  Lost  Work  ia  Maiihmory  ilihI  Mill  Work,"  H.  H.  Tbupston, 
New  York,  J.  Wil«j  k  Sons  ;  London,  Cli&pm&u  U  HaU, 


156       A  XEW  OIL-TESTING  MACHINE  AND  SOME  OF  ITB  aESULTg. 

dition  may  be  found  illustrated  in  ample  extent  and  variety  in 
work  publisbed  hy  mo  when  pioneermg  in  this  field,* 

The  point  of  minimum  friction,  to  which  I  then  called  atten- 
tion, is  better  exhibiteil  in  Fig.  34  of  the  |>aper  than  in  any  of  my 
curves  ;  while  the  latter  seem  to  indicate  that  this  critical  tem- 
perature of  maximum  effectiveness  of  the  lul>rieant  is  approxi- 
mated  in  a  variety  of  oils,  organic  as  well  as  inorganic.  But  it 
is  to  be  noted  that  journals  in  onlinary  work  do  not  usually 
attain  that  temperature  and  that  the  difference  among  the  oils 
increase  as  the  temperature  is  lower,  at  least  within  the  allow- 
able range*  t  The  mini  mum  coefficient  reportetl  in  these  experi- 
ments is  the  lowest  with  which  I  have  met^  and  may  perhaps  be 
accepted  as  that  to  which  perfect  lubrication  approximates  as  the 
condition  of  the  jom'nal  and  the  system  of  lubrication  approxi- 
mates perfection- 

The  very  closely  hyperbolic  form  of  these  curves  is  another 
very  interesting  result  of  this  work.  It  follows  tliat,  since  the 
product  of  the  coefficient  of  friction  and  the  pi^ssnre  is,  under 
such  circumstances,  practically  constant ^  the  total  frietionaJ 
resistance,  under  similarly  perfect  conditions,  is  unaffected  by 
change  of  load  on  the  journaL  This  is  one  of  those  phenomena 
which  conspire  to  make  the  friction  of  the  steuni  engine  constant 
for  all  loads»  as  I  showed  by  direct  experiment  many  years  ago, 
in  the  case,  particularly,  of  the  n  on -condensing  engine,  :t 

Professor  Kingsbury's  oil-testing  machine  is  a  very  ingenious 
and  remarkably  refined  piece  of  scientific  apparatus,  and  seems 
especially  suited  to  such  peculiarly  fine  work  of  investigation  as 
is  here  illustrated.  The  difficulties  of  detennining  the  effect  of 
varying  temperature  in  tins  case  can  only  be  fully  understtwxl  by 
those  who  have  attempted  such  I'esearches,  and  they  seem  to  he^ 
hy  this  apparatus,  admirably  iHBi>oseil  of.  It  brings  out^  as 
never  was  done  before^  the  differences  between  *'  viscosity  ''  and 
what  its  inventor  calls  ''  bodyj*'  a  quality  which  remains  to  be 
defined. 

In  illustration  of  the  correspondences  and  the  differences  be- 
tween the  work  of  which  the  pafjer  is  descriptive,  and  that  which 
is  ordinarily  performal  by  the  standard  methods  and  ordinarily 
satisfactory  apparatus  of  the  laboratory  in  commercial  invcstiga- 


♦  Ibidem*  t  l^^^^^* 

t  '*  Mftnual  of  the  @te&m  Eogloe/*  voL  ii,,  i^luip.  v,^  ^132-136. 
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tions  for  practical  purposes j  we  may  compare  the  diagmins  of 
the  pai>er  with  those  of  Figs.  39-41,  Thc?se  are  not  presents!  as 
representing  an  effort  to  secure  such  retineuiont  as  would  charac- 
terize the  more  deliberate  and  minutely  studied  work  of  research, 
either  in  exjierinieiitjition  or  deduetion,  bat  simply  as  bringing 
out  the  more  clearly  the  diiference  Iwtwe^n  ordinary  tests  and 
those  hero  discussed,  in  which  every  effort  is  made*  and  success- 
fidly,  to  insunj  that  the  results  shaU  not  ba  complicated  by  the 
pix'sence  of  more  than  the  one  variable,  the  law  of  which  is 


POUKM  pen  i«tJAA£  II 


Fig.  m. 


snuj^iflit  to  be  determintHl,  The  correH|)<)ndences  are  evident  cm 
irispcctiun,  and  it  is  interesting  to  see  that  the  commcrical  work 
admimldy  sustains  the  <leductions  from  the  research. 

Fig.  30  n^prt'sents  llie  variation  of  viscosity  with  tem|XJTatur<5 
in  comparisons  of  tho  charactoristios  of  four  distinctly  different 
oils  :  No.  1,  an  oils  old  in  the  market  as  a  "  cylimler  oil  **  ;  No, 
2,  a  *'  crusher  oil  **  ;  No.  3,  an  *'  engine  oil^''  and  No,  4,  a  moil- 
emte-pricetl  **  machine  oih" 

Fig*  -AU  is  a  coni])arison  of  these  oils  to  ftsoertain  their  normal 
temperatures  of  ste*T,dy  operation  undt'^r  varying  |>r«.\sfe;urcs» 

Fig.  41  exhibits  their  relative  and  absolnte  friction -reducing 
values  at  various  pressures. 

It  is  seen  that  the  variation  of  viscosity,  determinetl  in  tlie 

usual  manner,  as  temperatures  cliangCj  follow  the  same  general 

law,  and  the  higher  the  gmde,  as  mted  for  the  market,  the 

greater  the  viscosity,  cxmpt  that  Nos.  3  and  4  are  transposed, 

vindicating,  possibly j  that  No,  3  is  incorrectly  rated  and  that  its 
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purchaser  would  secure  a  better  bargain  in  buying  No.  4; 
although  the  latter  assumes  a  higher  position  on  the  diagram  of 
temperature  variation  than  No.  3.  It  is  also  to  be  noted  that 
the  line  for  variation  of  temperature  with  pressure  is  a  straight 
line  which  does  not  pass  through  the  origin,  and  this  would  seem 
to  be  another  corroboration  of  Professor  Kingsbury's  remarks 
regarding  the  existence  of  at  least  two  distinct  properties,  deter- 
mining the  work  of  friction.  It  is  probable  that  the  friction- 
reducing  property  and  the  conductivity,  or  the  convection  of  the 
oil,  or  both  the  latter  properties  acting  in  conjunction,  may  give 
rise  to  the  differences  here  referred  to.  The  friction-pressure 
diagram  shows  correspondence  with  the  results  given  by  the 
author  of  the  paper  under  discussion,  in  the  apparently  hyper- 
bolic character  of  the  curves  for  the  several  oils,  while  also 
showing  that  the  curve  varies  more  or  less  from  the  line  of  the 
equilateral  hyperbola  when  the  quality  of  the  bearing  and  the 
state  of  the  rubbing  surfaces  affect  results,  as  they  practically 
always  do  in  the  ordinary  tests. 
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FILIKG  SYSTEM  FOR   OFFICE   USE.\ 

tli«tub«r  of  the  Soclet;.} 

1,  The  filing  system  described  in  this  paper  has  been  the  result 
of  a  Bumber  of  eKperimentSj  the  object  to  be  attained  being  the 
preservation  of  catalogueSj  elippingSj  engineering  data,  photo* 
graphs,  etc.,  in  such  a  wav  that  thej  can  be  used  either  for  general 
engineering  work  or  in  connection  Tvith  the  writing  and  editing  of 
engiueeriDg  ^\'ork.  So  far  as  possible^  standard  devices  which  can 
1*0  piircliased  on  the  market  have  been  used* 

In  one  of  the  systems  which  the  writer  used  for  a  number  of 
years  he  had  a  large  collection  of  letter  files  upon  which  ^-arious 
litlej?  were  placed  and  then  the  material  corresponding  to  the  title 
was  placed  in  the  files.  This  systeni  presented  the  following  dif- 
ficulties: There  w«s  a  large  amount  of  dead  space,  owing  to  the 
fact  that  some  of  the  files  were  filled  up  rapidly  and  others  very 
slo^vly.  Also  when  the  tiles  became  full  it  was  necessary  to  add 
others  haling  the  same  title,  and  these  were  usually  located  a 
considerable  distance  apart.  In  this  system  no  carcl  index  was 
n^ed,  the  titles  on  the  backs  of  the  files  being  depended  upon  en- 
tirely- In  such  a  system  as  this,  in  order  to  consult  the  files  in- 
telligently it  is  necessary  to  have  a  knowledge  of  their  irregulari- 
ties,  such  as  duplicate  filing  cases  ha\'ing  the  same  title  located 
at  different  points  of  the  system,  etc.  The  system  about  to  be 
<leBcrilied  reinoves  all  necessity  of  burdening  the  memory  with 
details. 


*  Pf*«*'Dt«d  ai  ibe  New  York  meeting  (December,  19C)3)  of  the  American  St>ci**ty 
I'f  3Iecb^iuc;il  Engineers,  and  forminjri>ort  of  Volame  XX[V,  of  tlio  Transnctvona, 

f  For  further  references  on  this  subject,  see  Trun^aeiwns  as  foUovvsj 
No,  ISA,  vol.  vt.  p,  863  :  *' Topical  Diacusaions.** 
Xov  5^J9,  voK  xiT.,  p.  780;  *'A  General  Engineeriag  Classiflcation  and  Tode^.*' 

W.  U.  tliBse, 
No.  0-^*2.  vtif.  xvi.,  f>.  (UO:  "Topical  Discussions," 
No.  9CfO,  ynl.  siiL,  p,  74o :  "A  Method  of   Filing  and   Indesitig  Engineering 

LttemiureJ*    G*  fl.  >Iarr. 
Xo.  W0.  voh  xsiii.,  p-  6.1S ;  "  A  Tt.*climcAl  Icde^  and  File."    B*  H.  Soule, 

11 
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2,  When  the  present  system  was  started  all  previous  arrange- 
ments were  discarded.  As  the  system  now  stands  it  eomp rises  an 
ordinary  Wells  Filing  Case,  a&  shown  at  a,  Fig.  43,  and  three  sec- 
tional units,  such  as  are  furnished  by  the  Globe-W^ermcke  Co,, 
two^  e  and  /j  being  ordinary  letter-box  iiles,  and  one,  d,  a  pigeon- 
hole unit*  Under  the  sectional  units  there  h  simply  a  rough  board 
eupboardj  g,  the  use  of  which  will  be  described  later. 


I  Ml- 


wU-,. 


\ 


Fig.  42. 


WJien  a  catalogue  is  received,  it  is  examined^  and  if  it  is  de- 
sired to  file  it,  the  various  subjects  which  are  to  be  indexed  are 
underser^red.  In  uuiuy  eases  only  the  firm  name  and  the  prin- 
cipal subject  require  nndcrseoriog,  as,  for  instance,  in  the  diamond- 
drill  catalogue  of  the  American  Diamond  Drill  Co.,  I  underscore 
tlie  word  "  American  '*  in  the  firm  name  and  the  word  ^^  diamond." 
After  this  the  catalogue  is  handed  to  an  assistant,  who  makes  ont 
two  cards  which  ^o  in  the  card  index.  One  of  these  is  filc^d  imder 
"  American  "  and  the  other  under  '^  diamond,'*     If  it  were  desired 
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to  be  more  explicit  the  word  *^  drilling  "  would  also  be  underscored, 
a  third  card  being  headed  **  Drilling,  Diamond  "  and  the  card  filed 
in  its  proper  place  in  the  index. 

3.  The  advantage  of  tliis  ^lystora  is  that  if  it  is  desired  to  replace 
a  catalogue  or  destroy  one  at  any  time  it  is  easy  to  tell  just  what 
cardi^  there  are  in  the  card  index  %vhieh  refer  to  the  eatalciguo,  and 
these  can  be  taken  out  and  altered  or  cJestroyed  as  desired.  The 
difficuJty  with  many  filing  systems  ia  that  there  is  no  way  of  trac- 
ing back  to  the  cards  from  the  catalogues,  but  in  this  one^  l>efore 
the  cards  are  made  out  the  catalogue  is  assigned  to  its  proper  place 
ia  the  filing  system*  No  attempt  whatever  is  made  to  file  cata- 
logues by  subjeetj  but  each  one  is  given  two  designating  numbers 
or  a  designating  number  and  a  letter,  the  catalogues  being  filed 
according  to  size.  For  in  stance  j  the  catalogue  above  referred  to 
niit^ht  be  designated  as  '*  326 — 5/^  indicating  that  the  catalogue 
belonged  in  compartment  326  and  that  it  was  the  5th  in  that  com- 
partment; the  card  referring  to  this  catalogue  being  marked  cor- 
respondingly  326 — 5  in  the  upper  left-hand  corner, 

4.  Wlien  looking  for  in  forma  Hon  it  is  only  necessary  to  consult 
the  card  index  and  find  what  catalogues  or  other  information  are 
required,  then  to  take  a  scrap  of  paper  and  place  the  proper  num- 
bers upon  it,  and  hand  it  to  an  assistant,  who  can  obtain  the  cata- 
logues from  the  case.  In  cousuUing  the  ind(?x  it  is  not  neces- 
gary  to  remove  the  cards  from  the  boxes,  consequently  there  ia 
no  danger  ^^f  unsplacing  the  cards  after  cnnsiilting  theuL  When 
through  witli  the  eatalogues  they  ean  he  returned  to  their  proper 
place  in  the  tiles  without  consulting  the  card  index  owning  to  the 
fact  that  the  locating  numl>ers  have  been  placed  in  the  upper 
rightdiand  corner  of  the  catalogue, 

5.  Any  catalogue  which  is  thick  enough  to  stand  in  the  compart- 
nient  y  filed  in  this  way.  Photographs,  letters,  clippings,  or  small 
circulars  are  tiled  in  the  regular  filing  portfolios  shown  in  the  lower 
portion  of  the  tiling  case  a.  Fig,  42,  and  one  of  which  is  shown 
in  the  supporting  rack  of  the  left-hand  door  of  the  cabinet  at  &, 
Attention  is  called  to  the  two  supi>orts  which  are  placed  upon  the 
doors  of  the  cabinet,  the  one  at  h  for  holding  portfolios  while  ex* 
amining  the  material  which  they  contain,  and  the  one  at  c  for 
supporting  flat  books  while  being  examined.  Both  nf  these 
shelves  or  supports  are  arranged  so  that  they  drop  out  of  the  way 
when  the  cabinet  is  closed.  The  portfolios  each  contain  twenty- 
five  spaces^  which  are  niunbered  from  1  to  25,  and  the  consecutive 
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portfolios  are  given  serial  numbers  so  that  anything  which  is  lo- 
cated in  one  of  them  can  be  found  by  two  designating  numbers  as 
in  the  previous  case. 

6.  At  first  it  was  quite  a  problem  how  to  extend  this  system  so 
as  to  cover  the  filing  of  drawings,  blue  prints,  etc. ;  but  the  solu- 
tion has  been  found  in  the  pigeon-hole  boxes  in  the  Wernicke 
cases  shown  at  rf,  Fig.  42.  Manila-paper  folders  are  made  to  con- 
tain the  drawings,  the  paper  being  cut  as  shown  in  Fig.  43;  a  tin 
form  of  the  proper  dimensions  is  laid  on  as  indicated  by  the  dotted 
lines,  after  which  the  three  flaps  are  folded  over  the  tin  form  and 
creased  down.     Each  one  of  the  pigeon-hole  boxes  is  given  a  num- 


-H9(- 


-4X- 


FiG.  43. 


ber,  and  the  folders  which  it  contains  are  numbered  consecutively 
from  1  up,  so  that  everything  in  one  of  the  pigeon-hole  boxes  can 
be  found  by  means  of  the  two  reference  numbers;  a  large  amount 
of  matter  such  as  specifications,  small  pamphlets,  circulars,  small 
catalogues,  folders,  etc.,  being  filed  in  this  way  in  addition  to  the 
blue  prints  and  drawings.  The  title  of  the  material  which  is  filed 
in  each  folder  is  written  on  the  back  of  the  folder  with  words 
underscored  corresponding  to  the  words  on  the  index  cards.  The 
regular  letter-file  units  are  used  for  photographs  and  siinilar  ma- 
terial, though  it  would  be  possible  to  get  along  without  them  by 
having  more  of  the  portfolios  as  shown  in  the  lower  portion  of 
the  Wells  cabinet.  Fig.  42. 

7.  This  system  works  admirably  for  unifonn-sized  catalogues, 
but  odd  sizes  give  more  or  less  trouble.     Large  thin  catalogues 
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been  folded  up  and  filed  iix  tit<3  pigeon-liole  boxe@  or  in  the 
letter  files,  but  largo  catalogues  o£  irregular  size  witb  stiff  bind- 
iDg  ha^e  proved  a  source  of  considerable  annovanee,  and  in  some 

I'Ca&c.^s  bave  been  mtblesslj  destroyed  on  account  of  tbe  fact  that 
it  was  ijnpoj^sibli*  to  file  them  advantageously.  Large?  bound  eata- 
k»gues  are  given  serial  nuinlK^rs  as  in  the  ordinary  library  index 

'tnd  are  kept  on  tup  of  the  Wells  eabioet  and  on  suitable  shelves, 
which  are  not  shown  in  the  illustration, 

8*  A  few  words  concerning  the  card  index  which  accompanies 
this  may  be  of  interest*  The  first  idea  was  to  have  the  card  index 
placed  in  one  of  the  units  of  the  Wernicke  sectional  files,  but  in 

-Order  to  protect  the  index  from  fire  losses  a  set  of  ordinary  drawer 
files  Avas  finally  adopted.  At  present  the  writer  has  six  of  these 
files  in  use.     The  cards  are  2  by  5  inches.     In  the  upper  left-hand 

jCorner  are  entered  the  two  tigureSj  or  figure  and  letter,  correapond- 
ing  to  tbe  place  in  which  the  catalogue  or  other  material  is  tiled. 
The  upfK^r  line  of  the  card  contains  the  title  corresponding  to  the 
underscore  in  the  catalogue  for  which  the  card  was  made  out. 
Frequently  some  additional  information  coucerning  the  catalogue 
is  entered  on  the  card,  and  in  many  cases  where  it  is  desired  to  file 
some  small  hit  of  inf ormatioUj  such  as  a  formulflj  the  information 
is  all  entered  upon  the  card ,  at  times  the  back  as  well  as  the  front 
b^dng  utilised  for  tlds  purpose.  In  such  a  case  as  this  no  reference 
letterii  of  course  are  necessary,  as  the  card  itself  contains  all  tbe 
iufonuation* 

9,  ,\a  the  system  grew  it  became  quite  a  task  to  look  through 
the  large  accumulation  of  cards  to  find  any  given  subjects^  hence 
the  use  of  auxiliary  guide  cards  was  adopted.  For  instance j  under 
tlie  letter  M  the  ordinary  subjects  were  filed  in  consecutive  order, 
Wa,  Me^  ete^,  but  it  was  found  that  there  were  many  cards  headed 
^'  Machinery,'*  "  Milling  Machinery/'  etc^  so  that  the  idea  of 
separating  these  and  jdacing  them  at  the  back  of  the  M  file,  just 
forwanl  of  the  N's«  giving  each  a  separate  guide  card,  occurred  to 
ihc  writer*  For  instance,  the  M  series  in  the  index  at  present  is 
arranged  as  follows:  The  miscellaneous  M's  occupy  about  one  hun- 
dred and  twenty 'five  cards;  back  of  this  there  is  an  auxiliary  giude 
card  headed  *^  Machinery/'  under  which  there  are  about  seventy- 

^five  cards:  next  a  card  headed  ^'Milling  Machinery/'  with  about 
Sf ty  cards;  then  one  headed  '■  Mining  Books/'  with  about  twenty- 
five  cards;  one  headed  "  Mining  Laws/'  with  about  twenty-five 
mrd&i  one  headed  ^*  Mining  Matters,  MisceUaneQUs/'  with  about 
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sixty  cards;  one  headed  "  Mining  Machinery,"  with  about  forty 
cards;  one  headed  "  Mining  Schools,"  with  about  thirty  cards. 
These  auxiliary  cards  reduce  the  number  it  is  necessary  to  look 
over  to  find  any  ordinary  subject,  and  they  facilitate  the  location 
of  any  matter  relating  to  the  special  subjects  covered  by  the  guide 
cards  most  often  consulted,  as  a  man  would  naturally  divide  his 
work  according  to  his  wants,  and  the  cards  for  the  specialties 
which  he  needed  would  accumulate  more  rapidly  than  others. 

10.  Another  advantage  of  having  the  card  index  in  these  drawer 
files  is  that,  in  case  the  regular  system  should  be  destroyed  by  fire, 
a  clerk  or  stenographer  could  replace  a  great  deal  of  the  matter 
by  simply  writing  for  the  necessary  catalogues  and  information 
and  arranging  them  in  new  filing  cases;  it  is  probable  that  at  least 
60  per  cent,  of  the  matter  in  the  writer's  files  could  be  replaced 
in  this  way. 

11.  A  feature  of  this  filing  system  is  the  rough  set  of  shelves 
shown  at  gr,  Fig.  42,  on  which  are  arranged  a  series  of  envelopes 
containing  pamphlet  copies  of  the  papers  read  before  the  American 
Society  of  Mechanical  Engineers  and  the  American  Institute  of 
Mining  Engineers.  In  many  cases  both  the  preliminary  and  re- 
vised papers  are  kept,  being  simply  placed  in  envelopes  and  ar- 
ranged according  to  meetings.  Any  one  of  these  can  be  found 
very  quickly,  the  regular  index  and  bound  volumes  being  used 
to  locate  the  original  paper  and  find  out  at  what  meeting  it  was 
read,  after  which,  by  a  reference  to  the  envelopes,  the  pamphlet 
paper  can  be  located. 

DISCUSSION. 

3//*.  Geo,  Z.  Folder. — I  find,  on  looking  over  this  system,  that 
it  is  practically  identically  the  same  thing  which  I  am  using  in 
my  own  office,  of  which  I  spoke  in  connection  with  Mr.  Soule's 
paper  at  the  May  meeting  in  Boston.  I  have  five  card  cata- 
lognes  which  are  separate  and  distinct.  One  is  the  card  cata- 
logue of  trade  catalogues,  which  I  underscore  more  fully  than 
Mr.  Lane,  in  that  I  underscore  every  individual  item  that  any 
manufacturer  will  make :  so  that  in  case  I  am  looking  up  to  get  the 
prices  for  any  one  item  I  can  simply  say,  What  have  we  got  here 
on  mandrils,  lathes  or  anything,  and  I  immediately  have  all  of 
the  catalogues  available.  In  addition  to  that  I  have  a  card  cata- 
logue of  all  outside  blue  prints  or  drawings  which  have  come  to 
the  office    in  any  way,  and  which  have  been  kept  and  filed. 
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These  are  numbered  and  filed  with  the  titles  i>laced  upon  the 
card  catalogue.  Of  course  their  nuinbering  is  without  any  refer- 
ence to  subject  matter  whatever,  and  the  same  thing  holds  true 
of  clippings  and  references  to  articles  in  magazines  and  books 
in  my  library.  That  enables  me  to  see  what  there  is  available 
on  any  one  particular  subject.  Then,  in  addition  to  that,  I 
have  a  card  catalogue  of  all  of  the  drawings  w^hich  belong  to 
theoifice  itself — -that  is,  drawings  which  have  originatetl  in  my 
own  office.  These  are  kept  fded,  and  get  consecutive  numbers. 
Drawings  which  have  been  made  for  outside  parties  and  w^hich 
have  been  delivered  tt>  them,  I  simply  keep  blue  prints  of  for 
my  own  reference,  and  those  are  filed  by  themselves.  Then 
finally  I  have  a  card  catalogue  of  my  library  which  is  arranged 
in  exactly  the  same  ^vay  as  any  card  catalogue  is  arranged  for  an 
ortlinary  library*  That  makes  five  complete  catalogues;  every- 
thing separate  and  distinct  by  itself »  and  of  course  everything 
available;  but  so  far  as  the  method  of  handling  t!ie  work  is 
concerned,  it  is  done  practically  identically  the  same  way  which 
Mr,  I^ne  has  outlined  in  his  paper, 

Prf*f,  Wm,  IF.  Crosbi/. — In  the  ordinary  business  of  an  ofHoe 
there  are  many  caees  where  corres]>ondence  is  received,  whichj 
unanswere<l  at  the  tiraCj  requires  no  further  thought.  Very 
often  the  names  signed  to  the  letters  are  not  brought  to  one's 
attention  again,  but  in  the  course  of  some  months  the  subject 
matter  of  the  letter  is  recalled j  \vhile  the  name  of  the  writer  can* 
not  be  remembered,  A  card  catalogue  provided  with  cross  index 
is  most  valuable  in  such  a  case.  Offices  which  have  had  no  nse 
for  card  catalogues  in  other  w^ays,  have  found  that  in  this  par- 
ticular case  the  indexing  was  most  valuable, 

Jfr.  ]l\  E.  Partritif/i\---TheTe  are  two  points  in  estaldishing 
and  carrying  out  card-catalogue  systems  worth  attention  which 
have  not  been  mentioned.  The  first  is,  in  each  division  arrange 
your  materials  m^  that  when  yon  have  found  a  ]>laee  in  the  index 
the  thing  sought  is  before  you*  If  borne  in  Tiiind,  this  may 
easily  \m  effected.  The  second  one  is,  in  a  large  establislmient, 
allow  any  one  access  to  your  index  and  iiles,  but  alhnv  only  one 
pei^on  to  put  anything  back  after  it  has  been  removed  fi'om  its 
place. 

3fn  L.  li.  Pofmi'i^^ — There  is  one  item  connected  with  this 
subject  which  has  not  lieen  touched  upon,  which  seems  to  me 
worthy  of  interest,  and  tiiat  is  the  method  of  filing;  namely, 
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the  so-called  verticaUfiling  system.  These  files  can  l>e  used 
in  coimection  with  canl  indexes  with  a  pmctical  and  satis- 
factory result.  By  a  subject-designation  of  the  com[Mrtniefits 
in  the  vertical  file,  indicated  hy  nunibers,  all  letters  or  corre- 
spondence or  data  with  reference  tu  this  particular  snbject, 
although  originating  in  many  different  places,  carry  the  same 
number,  and  naturally  gravitate  tf>  the  same  compartment. 

We  find  this  an  excellent  method.  I  use  it  myself  with  the 
Dewey  system  of  classification  and  numbering. 

The  Dewey  system  of  clarification  is  comprehensive  and  com- 
plete, and  lendsi  itself  readily  to  use  in  connection  with  an  ordi- 
nary filing  clerk,  for  the  reason  that  it  is  n<it  necessary  for  the 
clerk  to  know  anything  concerning  the  subject  classjfica,tion  you 
have  in  mind,  but  to  file  the  article  by  the  number  wliich  you 
have  placed  against  the  suljject  in  question  at  the  time  you  came 
across  the  item  in  the  general  course  of  reading* 

Mf\  IL  IL  AV^i»?*¥.— There  is  one  other  ]K)int,  T  may  state,  in 
f^egartl  to  ha\nng  things  put  hack  in  their  proper  places.  In  our 
experience  with  the  Kughu'enng  Mtiya^ine  index,  we  have  to  pre- 
pare an  index  each  month  of  six  or  eight  hundred  cards,  and  let  it 
go  out  of  our  hands  for  several  flays  to  the  printer.  If  a  box  should 
bedroj>pe<l  ur  the  cards  mixtnl^  everything  would  go  wrong.  So 
the  rule  is  that  before  the  index  is  sent  to  the  printer's  the  cards 
are  numbered  on  the  backs  from  one  up,  so  that  if  a  box  should 
he  '^*pied'*  any  one  in  the  printing  office  could  sort  them  out. 
When  the  copy  for  YoL  III-  of  the  Engineering  Index,  contain- 
ing forty  to  fifly  thousand  cards,  was  sent  to  the  jirin tor's,  it 
was  all  11  umbered  from  Ijeginning  to  entb  Of  course,  in  a  priv^ate 
establishment  where  cards  are  put  in  and  taken  out,  there  would 
have  to  be  sub-numbering  where  other  cards  are  put  in.  At  the 
same  time  it  might  save  some  trouble  to  have  the  serial  onier  of 
the  canls  in  some  way  indicated  on  them  in  case  of  accident. 

Prof,  IL  W.  Spmigler.~l  think  one  of  the  serious  questions  in 
the  use  of  card  systems  is  tlie  detenni nation  of  the  subjec^t  under 
which  you  are  going  to  place  these  things.  It  is  curious  how  a 
man^s  mind  changes  from  one  week  to  the  next.  One  week  he 
decides  to  put  a  thing  under  **  Milling  machines,"  and  the  next 
week  under  ^^Mac^hines,  milling."  Very  ohew  you  think  a  ref- 
erence is  under  a  certain  heading;  j^ou  look  for  it  and  fail  to  find 
it,  but  the  next  week  you  find  it  under  some  other  head.  Of 
course  engineering  matters  change,  and  a  thing  that  five  years 
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ago  you  would  have  indexed  under  '*  Horseless  vehicles"  or 
'*  Vehicles,  horseless/^  to-day  you  will  put  uTider  **  Automo- 
biles "  or  -'  Electric  automobiles  "  ur  dear  knows  what.  So  one 
will  find,  if  not  very  direful  in  selecting  subjects  under  w  hioh 
filing  is  (lone,  he  might  as  well  throw  them  in  the  waste  basket 
at  the  beginning.  I  know  it  is  the  case  that  there  are  dozens  of 
combinations  of  worils  which  at  one  time  or  the  other  are  rational 
for  any  particular  thing.  And  yoar  clerk  or  somebrHiy  had  l>et- 
tor  go  over  that  list  of  a  dozen  things,  if  you  want  to  find  any 
particnlar  article  which  3^00  may  want,  or  the  particular  catalogue 
you  are  looking  for.  So,  for  my  own  pur[)oses,  I  have  a  tv|^e- 
written  list  on  my  desk,  and  the  thing  tnust  go  under  a  word  in 
that  list.  If  theiulvance  in  engineering  is  such  that  a  new  word 
has  to  go  in  J  then  I  agree  that  everything  on  that  subject  up  to 
date  is  lost.  I  have  not  got  time  enough  to  go  through  this 
canl  catalogue  and  pick  out  all  the  things  that  might  go  under 
tills  new  word. 

Mr.  SupUe, — That  very  sul>ject  came  up  t^D  ue  in  making  the 
J^Jm/ine^^ring  ImUx^  |mrticularly  in  the  last  vol u me,  and  the  only 
remedy  we  could  find  was  to  have  plenty  of  cross  cards.  Each 
subject  was  indexed  under  the  most  satisfactory  title  we  could 
find,  and  then  cross  canls  inilicating  that  wonl  were  put  in  for 
every  imaginable  word  that  we  cotUd  think  of,  under  which  any- 
l)fidy  woukl  be  likely  to  look  for  that  article.  If  that  is  {lone 
cart:*fa]ly,  I  think  it  will  get  rid  of  the  trouble.  You  must  be 
generous  with  your  cross  cards. 

Mr.  Spangler. — I  think  the  last  volume  of  the  Emjinterhtg  In- 
iiex  carries  that  out.  I  have  hunted  under  a  dozen  different  sub- 
ject** before  I  found  a  reference  to  the  psirticular  thing  I  was 
after,  but  that  is  better  than  not  finding  it  at  all. 

Mr,  Saplee. — Of  course  we  do  not  make  that  index  for  our 
own  particular  use.  We  were  making  that  book  for  every  one 
to  use,  and,  of  course,  we  had  to  put  in  the  words  that  any  man 
might  happen  to  think  of, 

Mi\  IL  M.  lAme."^ — I  will  say  one  thing:  I  found  the  last 
Tolume  of  the  En'gine^rifig  Index  the  best  index  I  have  had  to 
deal  with.  Those  cross  cards  have  hel[>ed  me  a  greiit  deal  I 
have  had  to  inake  the  indexes  for  several  books.  The  publica- 
tions in  my  department  are  all  indexed  by  me  personally,  as  a 
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rule,  and  the  croes  mdejc  is  the  only  way  to  locate  a  great  many 
tiling.  Sometimes  a  giTen  saUject  must  l^e  indes^ed  four  or  five 
times  under  tlifferent  words  so  as  to  be  sure  that  every  one  can 
find  it.  The  trouble  is  that  our  engineering  books  are  not  cross- 
indexed  enough-  There  are  one  or  two  pocket  books  in  the 
market  which  have  mad©  me  extremely  luad  Iwcause  I  could 
not  find  what  I  wanted  in  them.  In  regartl  to  other  filing 
systems,  some  remarks  have  been  made  here  about  having  K{)eoial 
canl  systems,  I  have  five  canl  systems  in  my  office,  but  I  have 
only  described  one  here.  This  one  is  for  my  general  catalogue 
filing}  and  so  on.  The  others  are  for  special  pur[X)ses,  to  keep 
track  of  different  things  iu  theoffice^names  of  men  who  are  avail- 
able along  certain  lines  of  workj  or  names  of  our  students  who 
are  carrying  on  certain  lines  of  work^  and  various  things  of  that 
kind-  I  have  fl  ve  separate  systems.  That  idea  of  letting  any 
one  at  your  files  and  only  one  jjen^on  to  return  things  to  them 
I  had  to  come  to  about  a  year  ago  on  one  file,  and  I  finally  came 
to  it  on  all  of  them,  Tbe  orders  are  now  that  no  file-card  box 
shall  go  outside  of  a  limited  space  nea^r  the  safe  in  my  private 
office.  There  is  a  table  tliere,  and  under  no  circumstances  is 
anybtxly  to  take  a  box  away  from  that  sp(u?e.  They  can  come 
there  and  consult  them,  they  can  take  the  catalogues,  etc.,  any* 
where  they  jilease^  but  when  they  are  through  they  bring  them 
back  and  hty  them  on  that  table,  and  one  |H^rson  files  them  again. 
It  is  the  only  \vay,  I  tliink,  you  will  ever  be  able  to  locate  things. 
Atone  time  I  allowed  some  of  our  text-book  writers  free  access 
to  my  files,  including  the  returning  of  matter,  and  it  cost  me  a 
good  many  dollars  kist  summer  to  have  the  whole  file  system 
gone  through  from  beginning  to  endj  to  cheek  all  numbers  and 
see  that  everything  was  iu  its  proper  place,  and  the  cards  gone 
through  to  see  that  they  ^vere  all  correct.  But  it  is  straight 
now^  and  1  li<jpe  I  can  keep  it  straight. 

In  regard  to  the  Dewey  system  and  similar  systems,  I  had 
some  experience  with  them,  and  our  trouble  has  been  that  1 
could  not  kficp  the  material  in  as  small  a  sjxice  as  I  could  with 
this  system.  With  this  system  you  do  not  need  to  have  any 
more  filing  space  than  just  a  little  beyond  wliere  you  are  filing. 
Another  objection  I  have  found  to  these  systems  is  that  when 
new  subdivisions  are  made^  much  of  the  old  matter  must  be  re- 
indexed. 
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ENTROPY  AA\iLVSTS  OF  THE  OTTO   CrCLE.f 

(MemlKfr  of  I  he  Hticli^lj  j 

1.  The  object  of  the  following  note  is  to  call  attention  anew 
to  the  advantages  of  submitting  all  heat-engine  records  to  tho 
entropy  analysis^  and  to  the  ease  with  which  this  may  be  done 
in  the  case  of  tests  of  gas  engines  of  the  Otto  type. 

The  note  is  based  upon  the  tests  submitted  to  the  Society  at 
its  meeting  of  Decern  be  r,  1900,  by  Prof.  C.  Y.  Kerr.  This  par- 
ticular test  is  chosen  not  because  of  anything  peculiar  to  the  test 
itselfj  but  only  because  it  is  representative  of  first -class  work  oe 
a  standard  engine,  all  the  particulars  of  wliich  are  already  before 
the  membera  of  the  Society*  The  writer  has  translated  the  trample 
indieator^eards  published  in  voh  xxii.  of  the  Transactions^,  pp. 
157*162,  into  entropy-temperature  diagrams^  some  of  which  are 
reprf>duced  herewith.  Before  proceeding  to  digauss  the  showing 
they  makoj  some  reference  is  necessary  to  the  manner  of  their 
production  and  to  their  reliability. 

2-  It  has  frequently  been  urged  that  such  diagrams  are  worth- 
less, because  no  knowledge  is  to  be  had  as  to  the  temperature  of 
the  working  fluid  at  the  inception  of  the  cycle.  This  objection 
seems  to  me  to  be  irrelevant^  because  almost  the  full  value  of  the 
analysis  lies  in  the  revelations  as  to  cofuparative^  not  ahsoltii&^ 
changes  of  temperature  and  entropy.  Moreover,  much  light  is 
thrown  upon  this  basic  unknown  quantity,  the  initial  temperature, 
by  the  very  analysis  wliich  depends  upon  it»  A  single  tlcgree  of 
tJifference  in  temperature  at  the  beginning  of  the  cycle  results 


^*  PreseBted  at  the  New  York  meeting  (December^  1902)  of  the  American 
etv  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXR^  of  the  Trans- 

t  For  further  discussion  on  tlie  same  topic  consult  Tranmttions  as  follows: 
No.  5l4j  voK  xiv.,  p,  214:  **  Notes  on  the  Refrigeration  Process  and  ita  Proper 

Place  in  Thenuodynamfca."     Geo.  H*  Ilichmond. 
No.  771,  vol.  xix.,  p.  477:  '' Thermodj-namics  Without  the  Caleulua.^'    Geo.  H. 

Richmond. 
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in  a  difference  of  5  degrees  at  the  calculated  upper  limits.  Con- 
siderable accurate  information  is  already  at  hand  concerning 
these  upper  limits  under  varying  conditions  of  operation.  There- 
fore the  assumptions  made  in  regard  to  initial  conditions  can  be 
checked  away  from  egregious  error  by  the  results  which  they 
incur.  In  all  of  the  present  work  the  initial  temperature  was 
assumed  to  be  600  degrees  absolute,  or  139  degrees  Fahr.  The 
figure  was  chosen  largely  as  a  convenient  round  number;  but  it 
is  evident  from  the  results  that  it  cannot  be  far  out  of  the  way. 


Fig.  44. 


It  is  at  any  rate  not  too  high,  for  the  final  temperatures  calculated 
from  it  all  fall  below  frequently  recorded  maxima. 

The  initial  pressure  is  also  open  to  conjecture;  but  its  effect 
upon  the  results  is  much  less  marked.  Fig.  44  shows  the  effect 
upon  the  analysis  of  an  error  of  0.5  pounds  per  square  inch  in  the 
determination  of  the  initial  pressure,  an  error  greater  than  could 
possibly  be  excusable  in  such  a  determination.  The  full-line 
diagram  assumed  an  initial  pressure  of  14.6  pounds,  the  dotted 
line  14.1  pounds.  The  diagram  is  shifted  upward  and  to  the 
right;  the  heat  apparently  abstracted  by  the  cylinder  walls  during 
compression  is  considerably  affected.  But  the  form  of  the  ex- 
pansion line,  which  is  the  main  consideration,  is  practically  un- 
altered. 
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There  is,  of  cotirse^  considerable  error  due  to  inaeciirate  repro- 
duction of  the  indic^ator  dia4;;rarHs  in  print.  That  i^  discounted 
hj  the  number  of  diagrams  analyzed  and  by  their  unanimity  on 
certain  points. 

3.  The  one  open  question  of  the  Otto  cycle  in  regard  to  which 
these  diagrams  speak  in  no  uncertain  tone  ia  that  of  the  so^alled 
'*  after  burning."  Since  the  gas  engine^a  first  appearance  it  has 
been  noticed  that  the  expansion  cur\^e  of  the  indicator  diagram 
usually  shows  pressures  rising  above  the  true  adiabatic.  The 
explanations  offered  have  precipitatt>d  all  the  discussion  as  to 
^*  stratification/^  dissociationj  and  delayed  combustion.     If  the 


Fig.  46. 


I 


expansion  line  of  almost  any  entropy  diagram  from  such  an  en- 
gine be  examined,  it  will  be  seen  at  a  glance  that,  as  is  true  of  all 
tJiose  presented  except  Fig*  45,  which  represent  abnoruiallv  late 
igtdtion,  (1)  they  are  all  concave  toward  the  right,  and  (2)  the 
concavity  is  produced  by  an  initial  departure  toward  tht;  left,  fol- 
lowed by  a  portion  practically  vertical  and  finally  by  a  departure 
toward  the  right.  While  the  form  of  the  expansion  part  varies 
considerably  in  detail  among  the  seyeral  diagrams,  these  gener- 
alities hold  true  of  all  of  them. 

The  great  isomorphic  curve  sweeping  upwards  and  to  the  right 
represents,  of  course,  the  rise  in  temperature  due  to  the  develop* 
ment  of  heat  by  internal  combustion.     Were  this  process  not 
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modified  by  environment  it  would  carry  the  diagram  to  about 
Ay  in  Fig.  46,  and  to  some  similar  elevation  in  the  others.  It  is 
prevented  from  doing  so  by  the  simultaneous  abstraction  of  heat 
by  the  cylinder  walls,  cooled  by  the  water  jacket.  This  process 
of  abstraction  is  the  exact  opposite,  in  its  effects  and  in  its  graphi- 


Fig.  46. 


cal  representation,  to  the  supply  of  heat  by  combustion;  it  there- 
fore  does  not  tend  to  divert  the  cycle  from  the  isomorphic  path 
C  B  Ay  but  merely  to  bring  it  back  from  A  io  B. 

4.  At  the  x-mark,  which  denotes  the  inner  dead  centre^  the 
theoretic  normal  path  of  the  cycle  changes  from  the  northeaster^ 
one  of  the  isomorphic  to  the  due  south  of  the  straight,  veitieal 
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adiabfltic.  If  now  the  supply  of  beat  were  to  continue  after  the 
pii^toti  has  started  on  its  stroke,  the  diagram  niust  show  departure 
to  the  right  from  this  adiabaticj  or  into  a  path  lying  somewhere 
between  due  south  and  eaatj  or  between  south  and  northeasterly 
in  any  eirent*  But  in  no  case  does  it  do  this.  The  next  portion 
of  the  diagram  bears  in  every  ease  to  the  west  of  south,  Thia 
shows  an  abstraction  of  heat  from  the  working  fluids  not  an  addi- 
tion, during  the  first  portion  of  the  expansion  after  maximum 
temperature  has  been  attained. 

5.  Whether  the  time  of  maximum  temperature  coincides  with 
dead  centre  or  not  depends  upon  the  time  of  ignition.  If  that  ^ 
occur  at  or  very  shortly  before  dead  centrCj  all  or  a  large  portion 
of  the  combustion  must  take  place  after  the  expansion  stroke  has 
been  entered  upon.  But  even  then,  unless  ignition  be  bo  long 
delayed  that  the  gases  have  not  possibly  time  to  fairly  burn  before 
exhaust  occurs,  there  is  a  perfectly  definite  limit  to  the  period 
of  combustion.  The  maxiimira  temperature  is  attained  by  a 
close  approximation  to  the  constant-volume  process  and  almost 
synchronously  with  attainment  of  maximum  presBure.  After 
this  point  is  reached  there  is  no  further  development  of  heat* 
The  entropy  shows  no  further  increase  as  expansion  begins  and 
the  temperature  falls. 

6.  The  only  premises  upon  which  is  tenable  the  supposition 
that  there  is  further  development  of  heat  would  be^  that  while 
such  development  of  heat  from  combustion  might  still  continue, 
it  would  be  at  a  lessened  rate,  such  that  the  absorption  of  heat 
by  the  walls  overbalanced  it  and  made  the  net  result  a  loss  of 
heat.  But  as  actual  expansion  progresses,  as  revealed  by  the 
entropy  diagram,  its  southwesterly  end  slowly  and  continuously 
alters  itself,  firsts  into  a  southerly  direct inn^  and  finally  into  a 
soutlieasterly  one.  To  explain  this  on  the  basis  of  a  balance 
betwf»en  a  remnant  of  tardy  combustion  and  chilling  walls,  it 
must  be  accepted  that  the  balance,  which  at  B  showed  a  sharp 
reversal  from  positive  to  negative,  later  experiences  a  slow  recon* 
version  in  favor  of  combustion.  Either  the  rate  of  heat  supply 
from  delayed  combu&tion  must  be  on  the  increase,  or  the  rate  of 
abstract  inn  must  be  on  the  decrease.  The  first  supposition  is 
quite  untenable^  on  general  considerations.  If  reliance  be 
placed  on  the  second  (which  is  an  altogether  probable  fact)  for 
explanation  of  the  revealed  process,  it  is  necessary  to  assume 
that  the  delayed  combustion  is  prolonged  quite  until  the  eKpan- 
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sion  stroke  is  complete,  even  in  those  cases,  such  as  Figs.  46-50,  in 
which  ignition  occurs  long  before  the  stroke  begins,  and  in  which 
the  bulk  of  available  heat  is  already  developed  at  dead  centre. 

7.  To  the  above  argument  it  may  be  added  (in  order  to  antici- 
pate the  objection)  that,  so  far  as  the  diagram  gives  evidence, 
it  is  still  mathematically  possible  that  a  minor  development  of 
heat  may  continue  after  maximum  temperature  has  been  at- 
tained; but  the  probabilities  are  quite  the  opposite.  Such  a  fact 
would  necessitate  a  double  reversal  of  the  balance  between  gain 


Fig.  47. 


and  loss  of  heat,  and  such  arbitrary  double  reversals  do  not  co- 
incide with  the  general  laws  of  equilibrium. 

8.  Finally,  it  is  to  be  pointed  out  that  the  general  form  of  this 
entropy-diagram  expansion-curve  from  the  Otto  gas  engine  is 
identical  with  that  normally  produced  by  the  non-jacketed  steam 
engine,  where  there  is  no  possible  source  of  supply  of  heat  to  the 
steam,  except  from  heat  already  stored  in  the  walls  by  the  work- 
ing-fluid at  the  beginning  of  its  cycle.  The  supposition  of  a  simi' 
lar  process  in  the  gas  engine  to  that  of  condensation  and  re- 
evaporation  in  the  steam  engine  oflFers  full  and  simple  explana- 
tion of  the  stated  problem.  At  the  point  of  maximum  tempera- 
ture the  walls  have  already  received  some  30  to  50  per  cent,  of  the 
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Fig.  48. 


Fig.  49. 


total  available  heat  in  a  very  small  fraction  of  a  second.     There 
has  been  no  time  for  the  distribution  of  this  heat  throughout  the 
iron.     The  inner  skin  must  be  very  hot.     In  another  very  small 
12 
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fraction  of  a  second  the  temperature  of  the  gases  has  been  much 
reduced  by  expansion.  It  is  quite  natural  that  a  small  portion 
of  this  heat  in  the  walls  (the  diagrams  show  it  to  be  about  6  per 
cent,  of  the  total  supply;  see  item  a)  should  return  to  the  gases, 
instead  of  continuing  through  the  metal  to  the  water  jacket. 

9.  At  the  end  of  the  expansion  process  most  of  the  diagrams 
show  a  little  "  toe-out,"  which  is  worthy  of  remark.  Such  sharp 
changes  of  curvature,  when  occurring  earlier  in  the  stroke,  par- 
ticularly near  the  maximum-pressure  point,  are  easily  explained 
as  due  to  indicator  waves,  or,  in  the  present  case,  to  error  in  re- 


Pio.  60. 


production.  But  at  this  portion  of  the  diagram  neither  indicator 
inertia  nor  indicator  friction  will  explain  the  waver  from  the 
vertical,  and  the  toe  occurs  too  persistently  in  the  sarnie  portion 
of  most  of  the  diagrams  to  be  attributed  to  graphic  error.  If  it  is 
to  be  explained  by  return  of  heat  from  the  w^alls  to  the  gases,  such 
return  must  be  very  active.  In  some  cases  the  expansion  here 
becomes  almost  isothermal.  There  is  no  greater  difficulty  in 
understanding  how  the  walls  maintain  approximately  isothermal 
expansion  at  this  portion  of  the  cycle,  however,  than  how  they 
maintain  compression  so  nearly  isothermal  at  the  beginning  of 
the  cycle.  Certain  it  is,  at  any  rate,  that  practically  all  of  the 
many  gas  engine  indicator  cards  which  I  have  analyzed  show  thii 
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right-handed  coneavitj  of  the  expansion  linej  and  many  of  them 
show  the  toe-out  at  the  foot  of  it-  The  only  case  in  which  de- 
velopment of  heat  was  observable  after  maximum  temperature 

I  was  attained  was  that  of  a  lOO-horse-power  Crossley  engine  driven 
by  very  thin  Dowson  gas. 

10.  As  to  the  compression  proeeas,  evecy  card  hitherto  analyzed 
shows  abstraction  of  heat  by  the  walls  during  compression.  At 
the  same  time^  the  diagrams  here  submitted  corroboratCj  by  their 
general  temperature  range,  the  evidence  offered  elsewhere  that 
the  initial  temperature  "of  the  charge  at  the  beginning  of  com- 

Lpression  is  substantially  higher  than  whc^n  entering  the  cylinder, 

>How  is  it  that  the  walls  which  certainly  abstract  heat  during 
compression  imparted  it  during  the  previous  suction?  I  do  not 
pretend  to  answer.  Possibly  the  admission  valves^  etc^  are  hotter 
than  the  cylinder  walls.     Possibly  the  apparent  problem  is  much 

lexaggerated  over  the  real,  as  it  would  be  by  error  in  assuming  or 
observing  the  initial  pressure  as  greater  than  it  actually  is. 

The  last  diagram  presented.  Fig,  51,  is  from  Professor  Robert- 
son's teat  of  the  125-horse-power  engine.  Although  the  con- 
ditions of  operation  are  totally  different  from  those  in  Professor 
Kerr^s  case,  the  similarity  of  result,  when  compared  with  the 
normal  ones  of  Professor  Kerr's  set,  is  most  marked*  The  engine 
large;  the  walls  are  less  active;  little  cooling  after  maximum 
temperature  is  visible.  But  there  is  no  after-burning;  the  heat 
imparted  to  the  gases  late  in  the  expandon  stroke  is  separated 
from  the  period  of  combustion  by  a  distinct  period  of  adiabasisj 
the  isothermal  toe  at  the  foot  of  the  expansion  line  is  present  as 
usuaL 

IL  In  view  of  the  al>ove,  I  respectfully  submit  tliat  no  observer 
of  a  gas-engine  test,  any  more  than  of  a  steam-engine  test,  has 
done  his  proper  duty  by  his  task  tmtil  he  has  submitted  his  re- 
sults to  the  entropy  analysis,  No  other  person  than  he,  with  his 
intimate  knowledge  of  all  conditions^  can  possibly  do  it  so  accur- 
ately or  intelligently.  Since  it  is  my  observation  that  the  task 
is  often  avoided  for  fear  of  its  burden  or  its  mystery,  I  append 
hereto  a  facsimile  of  the  work  involved  in  deriving  the  diagrams 
here  submitter!.  It  is  assumed  that  the  investigator  is  pro\ided 
with  an  indicator  card^  on  which  are  laid  off  the  axes  of  absolute 
KevQ  of  pressure  and  volume,  the  latter  being,  of  coursCj  the 

^clearance  line;  with  a  slide  rule  (or  preferably  tw^o  of  them),  and 
kith  a  table  of  logarithms.     For  the  last  either  Naperian  or  com- 
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men  logarithms  will  do;  four-place  logarithms  are  sufficiently 
accurate,  and  a  table  which  covers  not  more  than  a  single  pair 
of  pages  for  all  numbers  will  greatly  enhance  convenience  of 
work.  The  indicator  diagram  is  assumed  to  be  marked  with  any 
desired  number  of  designated  points. 

12.  The  work  proceeds  according  to  the  following  argument: 


Fig.  51. 


From  any  given  zero-point  the  entropy  and  temperature  for  any 
other  point  may  be  expressed  by  the  following  equations:  , 


{a) 


and 


PV 

T   ' 


=  -^Jp;  therefore  -^-  =  ^y  -  -^^, 

log^,    =  logjy   -logy. 


(J)  iV^  —  xVo  =  s  log  rp,  in  which  iT  signifies  entropy  and  s  the 

specific  heat  involved. 

13.  Any  point  on  the  indicator  card  can  be  reached  from  the 
origin  of  the  cycle  (at  the  beginning  of  the  compression  stroke) 
by  traversing,  first,  the  horizontal  atmospheric  line  until  directly 
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beneath  the  desired  point,  and  then  the  ordinate  rising  vertically 

to  the   point      The   first   path    represents^    thermodynamicaily, 

cooling  nnder  constant  pressure,  tte  range  of  temperature  being 

.    V 
given  by  the  ratio -jf/  the  second  represents  heating  under  con- 

P 
stant  volume,  the  temperature  range  being  given  by  the  ratio  -rj. 

In  the  first  case  tlie  specific  heat  involved  h  IA08  *  times  that  in 
the  second,     Thereforej 

I*  With  the  slide  rule  set  to  the  initial  absolute  pressure  take 
each  point  on  the  card  in  turn^  di^^de  the  pressure  at  that  point 
by  the  initial  pressure,  and  note  the  loga^ritlnn  of  the  result* 

U.  With  the  slide  rule  set  to  the  total  length  of  the  indicator 
card  (including  clearance)  divide  it  by  the  total  volume  at  each 
point  of  the  card  in  turn. 

HIp  Add  to  the  second  tWi  of  itself  by  slide  rule  or  by  aritb- 
metric* 

IV.  The  difference  found  by  subtracting  III*  from  I.  is  the 
entropy  of  the  desired  point. 

V.  The  differt>nee  found  by  subtracting  II.  from  I.  is  the  logar- 
irlim  of  the  temperature  ratio;  this  logarithm  should  be  set  down 
at  one  side. 

VI.  With  the  slide  rule  set  to  the  initial  absolute  temperature, 
enter  the  table  of  logarithms  with  V.,  and  multiply  its  uumbe^r 
by  the  initial  temperature;  the  result  is  the  absolute  temperature 
of  tbe  desired  point 


Thus  :  (Let  T,  ^  COO^  F,) 
L  log  5^  =  1,0792, 

II,  log  ^^=0.4771. 

^^  of  ditto  =  0J 908. 
n.0O3R 


IIL 


of  ditto  — 


0,6717' 


IV.  Entropy  =  0.4075. 

V,  ]og^^  =  o,r>o2i, 

VI  r  absolute  =  2400. 

460 


r  Fahrenheit  = 


1940 


In  thia  way  some  twenty  points,  or  sufficient  for  an  entire 
analysis^  can  be  calculated  and  plotted  inside  of  an  hour. 


•  Lummer  E.  Pringsheiui,  ia  an  Hive&tig**tioQ  tlii^  report  of  wtich  had  not 
TOfteli^id  tbe  mitlior  at  the  time  Ihiw  paper  was  written,  gives  the  value  L4025  its 
morie  accurate  thaa  this,  1,404  would  be  mote  convenieut  to  use  and  ia  prtibably 
eu^oiently  accunkte  for  all  eni^jxieering  |>urpcks&8. 
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insciTssioN. 


Mr.  JL  H>  ASu^ee. — I  would  like  to  ask  ProfeBsor  Reeve  a 
single  question.     This  paperj  of  course,  refers  to  engines  o]>er- 

atiug  on  the  Otto  cycle.  Tlie  termination  of  the  upper  line  of 
explosion  in  these  is  definite  and  determined,  I  believe.  How 
would  that  be  in  tha  case  of  internal -combustion  engines  o]>erat- 
ing  by  combustion  rather  than  by  explosion — engines  of  the  Diesel 
type,  for  instance,  in  which  the  fuel  charge  is  varied  and  burns 
continuously  until  cut  off.  Is  the  same  also  true  of  them,  or  is 
it  true  only  of  explosion  engines? 

Professor  Ifeeve. — It  holds  true  of  one  or  two  cards  of  the 
Diesel  engine  which  I  have  analyzed^  bat  I  have  not  had  enough 
experience  with  the  Diesel  type  to  speak  broadly  and  definitely. 

Mr.  S^plee.—I  understand  that  in  the  Diesel  motor  the  amount 
of  fuel  introduced  is  not  constant ^  but  varies.  The  oil  is  injected 
continuously  until  it  is  cut  off  by  the  action  of  the  governor, 
while  in  the  gas  engine  a  definite  charge  is  drawu  in  and  ex- 
ploded each  time,  so  that  the  law  may  not  be  alike  for  both. 

Prof€m{>r  Mmve. — The  same  argument  would  follow  neverthe- 
l^s.  The  frequent  l>ending  over  of  the  isomorphic  curve  of 
combustion  itj  the  Otto  engine  is  due  to  the  motion  of  the  piston 
before  combustion  is  complete,  so  that  the  more  the  piston  moves 
during  combustion  the  more  the  line  is  bent  over.  Bnt  the  point 
of  the  argument  is  that  when  the  combustion  is  complete  there 
is  a  sharp  end  to  it»  Although  the  piston  continues  its  motion 
with  smooth  acceleration  and  the  pressure-volume  curve  shows 
no  abrupt  change,  the  entropy -temperature  curve  revenls  graphic- 
ally, by  its  sliarp  reversal,  the  basic  change  in  the  thermal  proc- 
esses at  the  instant  when  combustion  is  complete.  It  is  apropos 
to  the  Diesel  as  well  as  to  the  Otto. 

(Added  after  adjournment,)*  In  a  discussion  of  the  applica- 
bility of  the  entropy  analysis  to  the  Diesel  cycle  before  this 
Society  (Vol,  XXL,  p.  2S5),  it  was  mrged  that  the  presence  of 
the  air-pump,  injecting  fuel  and  compressed  air  into  the  cylinder 
during  combustion,  vitiated  the  conclusions  to  be  drawn.  It  is 
of  interest  to  point  out  in  this  connection,  that  thermo-dynamic 
processes  do  not  recognise  questions  of  hx^ality.  The  compres- 
sion of  air  by  the  air-pump  is  just  as  much  a  part  of  the  thenno- 
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dynamic  cycle  as  is  the  compression  in  the  main  C3'linder.  In 
regard  to  the  added  working  substance  involved  in  the  entrance 
of  the  oil,  I  would  say,  for  the  analysis  of  either  Diesel  or  Otto 
oil-engine  cycles,  that  the  results  of  this  addition,  as  I  have  cal- 
culated them,  have  so  uniformly  adhered  to  an  increase  of  specific 
volume  during  combustion  by  2  per  cent.,  that  I  now  take  no 
more  cognizance  of  the  oil  than  to  make  this  standard  allowance. 
Moreover,  any  error  in  this  assumption,  which  applies  only  to 
the  line  of  combustion,  could  have  no  eflfect  upon  the  main  point 
at  issue — viz.,  the  form  of  the  expansion-line  and  its  similarity 
in  internal-combustion  engines  to  its  standard  form  in  steam 
engin^v 
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No.  969.* 

A     RATIONAL     SOLUTION     OF     THE    PROBLEM    01 
WEIGHTS    AND    MEASVRES.\ 

BT  SIDMBT  A.  RESTS,  W0RCS8TSB,  MASS. 

(Member  of  the  Society.) 

1.  The  question  of  what  system  of  weights  and  measures  most 
fully  meets  the  demands  of  the  technical  world  has  recently  re- 
ceived renewed  discussion.  The  source  of  this  fresh  impetus  has 
lain  in  the  projection  of  a  national  law,  the  adoption  of  which 
would  render  the  universal  use  of  the  metric  system  compulsory. 
It  is  not  the  object  of  this  paper  to  undertake  discussion  of  the 
merits  of  this  bill ;  it  is  to  present  briefly  some  of  the  advantages 
to  be  gained  from  advance  in  another  direction.  This  alternate 
line  of  progress  has  already  been  ably  advocated,  at  one  time  or 
another,  in  a  general  way ;  but  the  concrete  programme  for  pro- 
cedure which  is  herein  presented  has  never  yet  been  suggested, 
so  far  as  the  writer  is  aware. 

2.  As  a  preliminary  step  some  of  the  fundamental  attributes 
of  the  metric  and  the  English  systems  will  be  outlined  as  the  writer 
sees  them.  In  doing  this  no  attempt  will  be  made  to  conceal  the 
firm  opinion  that  the  metric  system  is  not  naturally  and  inherently 
adapted  to  industrial  needs,  and  that  to  commit  ourselves  finally 
to  its  universal,  compulsory  adoption  would  be  a  mistake  of  im- 
measurable magnitude.  But  the  writer  also  disclaims  any  be- 
lief that  the  metric  system  has  been  proven  by  experience  in- 
capable of  adoption  in  engineering  and  industrial  works.  Locally 
and  occasionally  it  has  been  so  adopted.  There  has  been  no  re- 
sultant catastrophe.     There  has  not  always  been  even  resultant 

♦  Presented  at  the  New  York  meeting  (December,  1902)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  TVan*- 
acUons. 

t  For  further  discussion  on  this  topic  consult  Transactions  as  follows: 
No.  4,  vol.  i.,  p.  29:  "The  Metric  System."    Coleman  Sellers. 
No.  721,  vol.  xviii.,  p.  492:  "The  Metric  System  Versus  the  Duodecimal  System." 

George  W.  Colles. 
No.  923,  vol.  xxiii.,  p.  291:  "The  Linvolpon  System."    F.  F.  Nickel. 
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rejection.     But  it  is  broadly  and  plainly  true  that  the  resultant 

gains  have  not  boen  Bufficicnt  to  sprcacl  appreeiahly  the  field  of 
experiment  with  the  metric  system — not  even  so  rapidly  aa  in- 
dustrial effort  has  extended.  For  thirty-six  years  the  use  of  the 
metric  system  has  been  open  to  all  who  cared  to  try  it.  In  all 
those  years  the  proportion  of  those  who  did  to  the  whole  number 
wlio  might  has  not  perceptibly  increased. 

3.  The  reasons  for  both  the  continued  advocacy  and  the  con- 
tinued rejection  of  the  metric  system  are  plain.  They  are  parallel 
and  qidte  compatible. 

(a)  The  metric  system  is  attractive  because  its  measures  are 
arranged  on  the  same  system  as  our  numerical  notation. 

(b)  The  metric  system  is  cumbrous  because  it  is  decimal  in  its 
arrangement. 

4.  Tiy  Btato  tliat  the  advantages  of  the  metric  system  lie  in  the 
fact  that  its  arrangement  is  decimal  is  erroneous  and  deceptive* 
Had  our  numerical  system  been  based  upon  the  oetonal  or  the  duo- 
decimal plan,  the  scientific  originators  of  the  metric  system  would 
have  adopted  just  as  promptly  and  have  urged  jviat  as  vehemently 
a  system  of  weights  and  measures  also  based  upon  the  octonal  or 
duodecimal  plan.  If  that  had  been  done  the  then  system  would 
have  every  advantage  now  offered  by  the  metric.  In  addition  it 
would  have  many  more. 

5.  To  iiupport  this  last  statemeut  properly  would  be  to  diiplieate 
niueh  which  has  already  been  written,  more  ably  than  could  be 
reproduced  here,  and  which  is  accessible  to  every  reader  of  these 
lines.  lu  particular,  in  vol.  xlix.  nf  the  Popular  Science  MoniMy^ 
will  be  found  a  full  and  cogent  statement  by  Mr,  Herbert  Spencer 
of  the  reasons  why  the  metric  system  has  not  found  wide  adop- 
tion. In  the  same  volume  is  a  counter-defence  by  one  of  the 
ablest  of  the  advocates  of  the  metric  system,  Pr.  T.  C.  Mendenhall. 
No  engineer  may  presume  to  a  worthy  opinion  upon  the  weights- 
and  measures  question  without  aeqiiaintanee  with  these  writings;* 

G.  To  sunmiari;ce  very  briefly,  Mr,  Spencer's  position  is  : 
(1)  That  the  natural  evolution  of  systems  of  measures  by  popu- 
lar adoption  or  rejection,  or  by  the  survival  of  the  fittest,  has  ever 
been  away  from  decimal  divisions  and  toward  the  repeated  divis- 
ion of  a  unit  bv  twos  and  bv  throes. 


*  It  is  assumed  that  aJI  reackre  of  thiB  paper  are  nlPf*ady  arqimi tiled  with 
the  earlier  discuss! ons  of  th«  metric  system  before  this  S^oeiety,  to  whieh  nn 
concrete  refejrnee  is  cnade. 
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(2)  That  tliia  ttiitlt-ncy  has  been  only  very  slightly  affected  by 
the  parallel  prost'iiec  of  decimal  systems  of  divisionj  even  when 
made  eumpnkory  by  law. 

7.  ThuSj  in  tliis  country  a  decimal  division  of  currency  has  been 
compulsory  by  law  for  over  a  century,  and  is  backed  by  all  the 
inconveniences  involved  in  the  departure  of  money-division  from 
the  standard  system  of  notation,  which  ia  deeimab  Yet  the  di- 
vision of  the  standard  unit,  the  dollar,  by  other  factors  than  those 
o£  ten  and  its  powers,  by  factors  of  two,  three^  four,  six,  eight, 
twelve,  and  sixteen,  is  practically  universal.  Of  the  three  deei- 
mal  divif^ions  of  the  dollar;  the  dimen,  the  cent,  and  the  mill,  the 
first  and  the  last  are  unheard  of  as  units  of  price  in  ordinary*  re- 
tail business;  the  other,  the  cent,  is  ahnost  aa  apt  to  be  split  by 
a  vulgar  fraction  as  it  is  to  be  used  in  its  integral  purity-  Of  all 
our  coins  the  favorites  are  the  **  half  ^-  and  the  '^  quarter*"  The 
dime  is  used  much  more  to  make  change  for  the  quarter,  because 
five  nickels  are  too  cnmbrou%  than  it  is  as  one-tenth  of  a  dollar. 
We  could  not  get  along  withoiit  the  half-dime,  or  "  nickel.-^  Tlie 
cent  is  scarcely  ever  used  to  make  change  for  a  dime.  In  short, 
decimal  subdivisions  are  much  too  far  apart. 

Even  iu  the  choice  of  rates  of  interest,  where  the  burden 
of  calculation  is  a  maximum  in  proportion  to  the  coin  actually 
handled,  there  is  little  disposition  to  retain  the  decimal  system. 
Fractional  portions  of  xmits  per  cent,  are  not  often  stated  as 
tenths,  but  more  conimonlv  as  halves  or  quarters  or  eighths. 

This  is  the  final,  present  result  of  a  century's  experiment 
with  a  rlecimal  s^ystem  stipported  hy  legally  compulsory  adopt i*in. 
In  other  countries  and  in  other  lines  of  measure  than  the  mone- 
tary the  experience  is  paralleh  In  short,  all  the  advantages  of 
having  a  system  of  measures  upon  the  same  basis  as  the  system 
of  notation  are  not  fiufRcient  to  countervail  the  disadvantages  of 
conducting  the  day's  work  upon  any  other  l>asis  than  division  by 
twos  and  threes. 

S.  Even  in  scientific  work  the  ^anie  trouble  is  foumh  So  long 
as  instniments,  scales,  etc.,  are  divided  on  the  decimal  system  it 
is  of  course  easiest  to  read  them  so.  But  when  that  artificial  eon* 
straint  is  exceeded  the  natural  basis  for  either  estimating  or  as- 
signing di visions  is  by  twos  or  by  threes.  Every  student  has  to 
be  arbitrarily  taught  to  estimate  to  tenths,  and  even  then  the  re- 
Bulr  is  inaccurate.  Every  intelligent  young  observer,  on  the  other 
hand,  naturally  estimates  well  to  halves,  thirds^  and  quarters. 
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Id  my  own  work,  although  I  carefiJly  instruct  at  the  start  against 
using  numerical  statements  to  a  greater  degree  of  accuracy  than 
is  naturally  poasiblej  yet  I  sanction  and  believe  in  observations 
inade  and  stated  in  estimated  divisions  such  as  0.25,  0,3S,  etc. 
For  the  observer  to  estimate  to  tenths  is  difficult  and  inaccurate; 
to  attempt  to  estimate  to  hundredths  is  absurd.  Yet  I  more  highly 
esteem  the  aeciiraey  of  such  estimated  divisions  as  those  above 
stated  than  I  do  stated  estimates  of  0.2,  0.3,  0.4j  etc. 

9.  It  13  only  because  scientific  work  involves  so  large  a  propor^ 
tion  of  computation  to  a  given  amount  of  mensuration  that  the 
metric  system  is  popular  among  scientists*  For  pure  mensura- 
tion nothing  will  e%^er  be  able  to  compete  successfully  with  the 
two'foot  rule,  with  "  two  pints  make  one  quart,  four  quarts  make 
ont*  gallon,*'  with  "  twelve  units  make  one  dozen,  twelve  dozens 
make  one  gross/'  etc* 

10.  But  even  for  computative^  scientific  purposes  a  duodecimal 
system  of  both  measures  and  numbers  is  infinitely  to  be  preferred 
to  a  decimal  system  of  both  measures  and  numbers.  The  reasons 
are  these: 

(I)  For  Mensuration  the  advantages  are  as  just  stated. 

(II)  For  CotJipuialion  :  (a)  The  mental  burden  involved  in 
carrying  in  the  head  a  duodecimal  multiplication  table,  and  in 
performing  with  it  the  simplest  arithmetical  processes^  is  mucli 
less  than  with  the  decimal  system.  One  has  only  to  faithfully 
try  this  experinu'nt  to  ho  convinced. 

(b)  The  degree  of  accuracy  of  a  given  number  of  significant 
digits  is  much  enhanced.  Four  duodecimal  digits  possess  twice 
the  accuracy  of  four  decimal  digits;  six  possess  three  times  the  ac- 
curacy; nine  possess  five  times  the  accuracy*  This  means  twice 
the  accuracy,  for  a  given  effort,  in  all  engineering  calculations, 
and  from  three  to  five  times  the  accuracy  in  gcodeticj  astronomi<*iil, 
and  physical  work  making  use  of  logarithms. 

11.  The  industrial  and  commercial  world  has  already  emphat- 


•  Dr.  Mendenhall's  reply  to  this,  by  quoting: 

54  yards.*  .*...,....,,. are  1  pole. 

40  polee.  .*,.«...».»...,.»...» *'  1  fwrlong* 

28  poundj?.  ..,..*..*....,.....♦,*.*.   '*   1  quarter 

301  square  yards "  1  square  pole, 

40 square  poleis , "  1  rood, etc*, 

13  imelevant.     Americans  make  no  appreciable  use  of  these  unlta.     Not  one  per- 
son in  a  thousand  knows  these  tables. 
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icallj  pronounced  in  favor  of  division  by  twos  and  threes,  and  is 
daily  voicing  its  corroboration  of  this  opinion*  The  scientific 
world  has  cmphaticfillj  proiiMunctHj  itself ,  not  in  favor  of  di^'ision 
by  tenths^  but  of  harmony  between  mensuration  and  notation. 
Confronted  by  these  two  facts  the  discussion  can  turn  upon  only 
one  pivdt,  viz, ; — Siiali  the  indus^trial  and  commercial  world  give  up 
(in  adopting  the  metric  system)  what  it  has  shown  that  it  cannot 
be  forced,  even  by  law,  to  dn  without*  for  the  sake  of  grant ing  to 
the  scientific  worhl  what  th*^  latter  very  feebly  desires?  Shall 
the  scientific  world  obtain  its  desired  harmony  between  measures 
and  notation  (in  the  metric  system  enforced  by  law)  by  saddling 
upon  the  industrial  world  another  system  on  top  of  and  by  the 
side  of  the  one  which  it  w^ill  not,  cannot  abandon?  Or  shall  the 
scientific  world  gain  its  desired  harmony  between  measures  and 
notation^  and  at  the  same  time  gain  much  added  facility^  by  eon- 
forming  its  notation  to  the  duodecimal  system  of  measures  upon 
which  the  commercial  world  necessarily  conducts  its  daily  trans- 
actions? 

12p  It  has  been  urged  that  the  industrial  world  cannot  change 
to  the  metric  system  because  of  enonnous  loss  of  investment 
in  tools,  etc.  It  is  to  be  said  in  reply  to  this^  w^ith  truth  and 
force,  that  no  mere  value  of  investment,  even  if  it  be  greater  than 
the  metric  advocates  urge  that  it  is,  can  properly  constrain  so  mo- 
mentous a  deeiaion.  But  the  question  goes  deeper  than  that*  It 
is  also  true  J  on  the  other  bandj  that  not  even  the  boldest  disre- 
gard nf  expense  can  hope  to  alter  the  inherent  human  preferenee 
for  halves,  thirds,  and  quarters  over  tenths;  and  no  mere  mone- 
tary gain,  however  imaginably  great,  could  counterbalance  the 
loss  of  human  efficiency  due  to  the  repression  of  that  preference^ 
could  it  be  aeconipliKhed, 

13,  On  the  other  hand,  the  scientific  world  could  change  over 
from  a  decimal  to  a  duodecimal  system  with  greater  ease  than 
could  any  other  portion  of  the  human  race  make  a  similar  change* 
Because 

(I)  It  is  intellectually  the  most  flexible,  I  have  tried  the  ex- 
periment nf  learning  the  duodecimal  mnltiplicatioii  tables  and  of 
temporarily  rehing  upon  them  and  upon  duodecimal  notation 
for  all  computation.  In  spite  of  the  inevitably  frequent  and  dis- 
concerting contact  with  the  decimal  system,  in  three  days'  time 
duodecimals  were  easier  than  decimals.  I  insist  that  it  is  easier 
to  think  in  dozens  than  it  is  in  tenst     The  tables  for  2,  3,  4,  6,  8, 
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flild  9  in  the  dtiodfcimal  system  are  sioiplicity  itself;  only  those 
for  2  and  5  in  the  dei*imal  j^ystem  can  be  conxpared  with  thorn, 

^The  obsc^ure  talJes,  where  memorization  alone  can  be  of  service^ 
are  5  and  7  for  the  duodecinial  system;  the  corresponding  ones 
in  the  decimal  system  are  3^  4j  6,  and  7,  or  twice  as  many.     The 

[tables  for  8  and  9  in  the  decimal  system  ami  ditniie  for  10  and  11 

H single  digits)  in  the  duodecimal  occupy  an  intermediate  position 

[as  to  diffienlty. 

(II)  The  cost  of  replacing  decinial  tables,  graduations,  etc.,  in 
observatories  and  laboratories  with  duodecimal  ones  would  be  no 

I  greater,  if  nearly  so  great ^  as  that  of  altering  industrial  tools, 
Itions,  and  table*>  from  the  present  oc tonal  or  duodi^cimal 
^lim*  decinial  (metric)  sytaem.  When  it  is  remembered  that 
all  as^trouomical.  work  involves  the  cumbrous  60:1  division,  for 
both  ares  and  for  time,  it  is  debatable  whether,  were  the  dnodeci- 
mal  logaritliniic  and  other  tables  once  in  existenee,  observers 
would  not  End  it  worth  while  to  translate  observations  from  in- 
stniments  where  the  graduations  remained  decimal  into  duodeci- 

I  mal  records  before  compntatioDj  rather  than  to  compute  them  in 
decimals* 

14.  The  question,  I  repeat,  is  not  one  of  possibility  of  change 
of  systemsj  or  of  the  cost  of  change*     To  avoid  some  change  from 

i'the  pfeeent  intolerable  confusion  is  impossible*  On  the  other 
lliand^  the  cost  of  any  change  whatever,  commensurate  with  the 
needs  of  the  situatimi,  will  be  incalculable,  in  absolute  units,  and 
becomes  greater  each  day.  Only  as  a  comparison  between  alter- 
nate methods  can  discussion  of  costs  and  gains  be  intelligent* 
Taken  up  in  this  way  such  discussion  can  lead  to  no  other  residt 
than  the  choice  of  a  duodecimal  system  of  weights  and  measures 
hannnnious  with  a  dnodeciuml  system  of  arithmetical  notation, 

15.  There  might  be  many  such  systems,  any  one  of  which 
would  be  better  than  any  decimal  system.  To  render  the  propo- 
sition concrete,  however^  the  following  suggestion  of  an  outline 
for  a  system  is  o  fife  red. 


Duodecimal  Numbers* 

The  digits  are  to  be  those  in  use  at  present:  1,  2,  3,  4,  5,  6,  7,  8, 

and  9,  with  the  addition  of  two  new  ones: 

h^  or  dekj  having  the  value  of  decim^  10,  and 
I,  or  fM,        "  "  "        11 . 

Both  of  tbesc  characters  can  be  readily  and  rapidly  made  with 
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the  pencil,  in  a  form  not  to  be  confused  with  any  of  the  other 
digits  when  carelessly  made.  The  name  deh  la  drawn  from  the* 
Latin  deeem  j  ein  is  an  abbreviation  of  eleven.  The  form  of  dek 
(h)  recalls  the  idea  of  the  decimariO  with  which  the  idea  of  that 
number  of  anything  will  be  naturally  aasoeiated  by  the  prrseiit 
generation,  until  the  duodecimal  digitB  ^luill  have  beeoinc  second 
nature  by  repeated  use*  The  digit  fi  is  similar  to  an  E;  thought 
of  ae  the  initial  of  **  eln  *'  its  signihcance  is  easily  kept  in  mind* 

In  place  of  the  decimal  point  is  used  the  duodecimal  pair  of 
points.  This  is  in  itself  a  gain.  The  former  is  too  ineonspicuons 
to  be  accurate.  Continental  practice  uses  the  comma  in  prefer- 
ence, and  frequently  relies  upon  a  different  font  of  type  for  the 
fraction  from  that  used  for  the  integers,  to  minimize  danger  of 
error.  When  the  duodecimal  notation  is  used  for  financial  pur- 
poses a  more  distinctive  mark  is  necessary,  to  prevent  fraud.  A 
wavy  vertical  line,  such  as  ;>  or  any  similar  markj  would  suf- 
fice. Tn  reading  the  follo^nnng  pages  it  will  be  important  to  note 
the  presence  or  absence  of  this  pair  of  points,  distinguishing  the 
duodecimal  from  the  decimal  systems  of  notation. 

IG.  From  these  premises  would  arise  the  following  notation: 

Note. — The  words  outside  the  parentheaea  are  the  namei  of  the  duodecimal 
numbefa;  they  are  not  to  be  considered  as  abbrtjviations,  although  they  are 
phonetic  abbreviations  of  the  ideas  which  they  are  to  convey  and  which  are 
written  out.  in  full  in  the  pareutheaes.  Thus,  the  word  *'  twmk"  which  is  derived 
frgm  **  two  dozen/'  is  to  be  used  exactly  as  the  word  "  twenty,"  which  is  a  cor- 
ruption of  *'  two  tens/'  is  used  in  the  decimal  system.  The  word  "doi"  is  to  be 
used  as  we  now  use  the  word  "  ten." 

20 . .  Twoda  (two  dozen) . 

21..  T wodz-one  ( two  dozen  and  one) . 

22..  Twodz-two  (two  dozen  and  two), 

29. .  Twodz-nine  (two  dozen  and  nine). 

26. .  T wod  z-dek  (two  do  zen  and  dek) . 

2E..  Twods!-eln  (two  dozen  and  eln)» 

30. »  Threedz  (three  do  ae  n ) . 

3L.  Threedz-one  (three  dozen  and  one)* 

40,*  Fourdz  (four  dozen). 

50*,  Fidze  (fi%T?  dozen), 

60.i  Sidz  (six  dozen). 

70. .  Sedz  (se ve  n  d  ozen) . 

80,.  Eighdz  (eight  dozen). 

90..  Nidiie  (nine  dozen). 

itO..  Dcdz  (dek  dozen). 

EO. .  End  K  (o  f  n  dozen). 

100.,  OneCROBB, 

1000.,  One  GREG  (one  great  gross). 


1 

One. 

2 

Two. 

3 

Three, 

4 

Four. 

5 

Five. 

6 

Six. 

7 

Seven. 

S 

Eight. 

9 

Nine. 

h 

Dek. 

a 

Eln. 

10.. 

Doz. 

IL. 

Do3&-one. 

12.. 

Doz-two. 

13.. 

Doz-three 

19.. 

Doz-nine. 

16.. 

Doz-dek. 

IE.. 

Doz-eln. 

hational  solution  of  problem  of  weights  and  measures*    lUl 


In  fractions: 
Q,.     1  ^  one  dost  Cone  dozenth). 
Q..  01  =  one  grosif  or  one  groat. 
0..001  :^  onegregt  or  one  gret. 

=  one  divided  by  one  great 


i  —  one-half  —  0..6* 
}  ::-=  one-third  =  0..4. 
"i  =  one-quarter  —  0,.3. 
^  =  one-sixth  =  0.,2 
i  =  one-eighth  ^  0..16. 


17.  To  attempt  to  handle  this  notation  in  terras  of  the  familiar 
decimal  system  is,  of  coursCj  cumbrous  ia  the  extreme.  In  hand- 
ling duodecimal  numbers  one  rule  ia  fundamental  and  all-essential: 

Think  in  Dozens!* 

It  is  an  existing  fact^  depending  not  at  all  upon  suppositious 
future  education,  that  the  ordinary  person  can  to-day  think  in 
doEens  more  easily  than  he  can  think  in  tens.  The  task  in  attain- 
ing familiarity  with  duodecimal  numbers  does  not  lie  so  much  in 
learning  the  duodecimals  as  it  does  in  forgetting  the  decimals. 
The  difficulty  is  found,  not  in  thinking  in  dozens,  but  in  also  %\'rit* 
ing  and  reading  dozens  duodecimal ly,  after  having  for  a  lifetime 
rperformed  the  much  liarder  task  of  thinking  in  dozens  while  writ- 
ing and  reading  them  decimally- 

DtrODECIMAL    MrLTIPLICATION-TABLE. 


1 

2 

3 

4 

S 

6 

7 

8 

9 

h 

i. 

10. 

2 

4 

6 

a 

h 

10.. 

12.. 

14.. 

16.. 

18.. 

lA 

20, 

3 

6 

9 

10.. 

13,. 

16.. 

19,. 

20.. 

23.. 

26.. 

20., 

30. 

4 

H 

10.. 

u.. 

18.. 

20.. 

24.. 

28.. 

30.. 

34.. 

38,. 

40. 

5 

t 

13.. 

18, 

2L. 

20,, 

2g.. 

34  . 

39.. 

42.. 

47„ 

50. 

6 

JO.. 

16.. 

20.. 

26.. 

30.. 

36.. 

40.. 

46,. 

50.. 

56,. 

60. 

7 

12.. 

Itl.. 

24„ 

2S.. 

36., 

41,. 

48.. 

53., 

aa.. 

65,. 

70. 

S 

14  . 

20.. 

28.. 

34.. 

40.. 

48.. 

54,. 

60.. 

m.. 

74.. 

80. 

0 

16.. 

23 

30.. 

39.. 

46., 

,53,. 

60.. 

69., 

76.. 

83.. 

90. 

& 

IR.. 

26,. 

34.. 

42.. 

50.. 

5i.. 

68.. 

76.. 

S4.. 

92.. 

&0, 

a 

IL. 

29  . 

as.. 

47.. 

56,. 

65,. 

74.. 

S3.. 

02., 

&K. 

BO. 

10. 

20.. 

m. 

40.. 

50.. 

60.. 

70.. 

80.. 

00. . 

&0.. 

EO,. 

100. 

DiroDEciMAL  Weights  ai^d  Measubes* 

18.  To  properly  develop  and  advocate  the  duodecimal  system 
of  numbers  would  fill  volumes.  Enough  has  been  said  to  furnish 
a  notation  for  an  illustrative  duodecimal  system  of  weights  and 
measures  and  to  show: 


♦  Also  think  of  3,  4,  6,  8,  and  9  a^  one*quaTt«r,  one-thirdi  one>hal^|  two-thirda, 
aocl  three-quarters  of  &  dozen  respectively. 
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(1)  IIow  they  would  harmonize  with  each  other; 

(2)  How  they  might  be  made  to  harmonize  with  existiiig  units, 
tools,  standards,  habits,  etc. 

Note. — In  the  tables  which  follow,  the  names  chosen  for  the  new  units  are  for 
illustrative  purposes  only.     Probably  much  better  substitutes  could  be  devised 

Linear  Measure. 

First  and  foremost,  the  foot  and  the  inch  could  be  retained. 
Their  duodecimal  expression  would  substitute  for  the  inaccurate 
marks  (')  and  ("),  or  for  the  more  accurate  but  more  cumbrous 
substitutes,  ft.  and  in.,  simple  integers  for  feet  and  a  duodecimal 
fraction  of  a  single  digit  for  the  inches,  thus: 


De<;imal. 

Duodecimal. 

1'  3" 

1..3ft. 

2ft.7iin. 

2..76ft. 

5  ft.  3}  in. 

5..39ft. 

This  could  and  would  be  done  wherever  feet  and  inches  were  more 
convenient  than  other  units,  quite  parallel  to  and  consistently  with 
the  adoption  of  the  foUomng  suggestion;  which  is  offered  because 
the  development  of  a  complete  duodecimal  system  from  the  foot 
as  a  basis  does  not  result  in  all  that  could  be  desired. 

19.  The  standard  unit  of  length  for  all  English-speaking  peo- 
ples is  the  yard.  Let  it  be  retained  as  the  base  for  the  new  duo- 
decimal system  of  weights  and  measures  quite  as  the  metre  is  the 
base  for  the  metric  system. 

The  standard  table  of  lengths  would  then  become: 

1  mile  =  1000..  yards     (=  1728  yards  =  5184  feet). 

1  yard  =  10..    trinches  (=  one  dozen  3-inch  lengths). 

1  trinch  =  10..  quarters  (=  one  dozen  quarter-inch  lengths). 

1  quarter  =  10.. groats    (one  groat  =  one  forty-eighth  of  an  inch). 

All  of  these  units  of  length  are  familiar  ones.  They  are  all 
exact  equivalents  of  present  units  except  the  new  mile,  which  is 
1.8  per  cent,  shorter  than  the  present  statute  mile.  But  the. 
statute  mile  is  only  one  of  half  a  dozen  different  ones,  if  aD 
civilized  countries  be  included.  Thus  the  present  nautical  mile 
varies  from  6,080  to  6,088  feet.  Taking  the  average,  the  new 
system  would  stand : 

1  nautical  mile  =  1,210..  yards. 
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Of  the  other  itmt3,  the  yard,  the  foot^  and  the  inch  would  b^ 
iiS€»d  us  at  present,  hut  with  greater  facility.  The  trinrk  (3 
inches)  would  probably  1)0  little  used  m  a  unit  of  h^ngth;  it  tits 
popular  needs  as  little  as  does  the  unit  deeimetre.  The  qnarterf 
or  quart er-inchj  would  probalily  become  the  standard  unit  for  all 
shop-measurements,  A^ery  few  machine  dimeniiions  would  run 
so  large  as  to  make  its  numbers  cumbrous,  as  is  the  case  when 
the  millimetre  is  used;  very  seldom,  ou  the  other  hand,  would 


o 

L 


Trinches 
12      5      456r89de 

J        I \ I I i 1 1 i 1 1- 


Ijard 


I   I   I   I  I  r  r  I  I  I  I 

inches  J  f|^ 


3ft. 


^rM 


Fro*  5S, 


any  need  arise,  on  the  larger  v^ork,  for  a  dirision  of  it  into  f rac- 

tionsp  When  such  need  dild  arise,  on  the  smaller  work,  the  stand- 
anl  of  shop  fractious:  |,  ^^p  V»  inch,  etc.,  for  which  every  work- 
man ciirrics  his  scale,  could  be  u^ed  with  perfect  ease,  as  shown 
by  the  table  below  and  by  Figs.  52  and  53j  by  means  of  which  he 
wouhl  Tuakc  his  translations  by  eye  instead  of  by  mental  or  writ- 
ten arithuietie* 

The  groat  would  take  the  place  of  the  millimetre  and  the  hun- 
dredth of  an  inch.  It  k  tdnsely  equal  to  half  a  millimetre 
(0.52016  mm.). 

20.  In  the  machine-shop  transition  to  the  new  system  could 

^""^"''1       8      9      6      fi       }^^ 


O^  Quarfe; 


'        '        I 
O"      ''      '      lin.'      ^      '     2in.  3  inches 

Fia.  5S.— Thk  Stahdaeb  8-Tnch  Bteel  Shop-Scalte  VNPKft  the  New  Hybtk*u 


fnni|i|i|iT'Ti-mi';n'|ii i  ■  i  ■  |  ■  i  i  i  i  I  t  |  t  r  r  | 


be  made  %nthout  the  alight  est  change  or  expense  for  new  toola^ 
etc,,  except  for  a  new  3-iiich  steel  scale  graduated  like  Fig,  53 
fur  each  macliinist*  New  patterns  would  naturally  run  on  new 
habits  of  dimeasioning;  but  old  patterns  could  be  produced  with 
no  iuterfereuce  whatever  with  tlie  new,  l^he  only  obstacle  to 
the  adivption  of  the  new  sYsti^iu  \Vf»uhl  Ix*  llu*  neeessity  for  the 
learning  of  the  (hiodeciuial  miiUipHcatioTi'table  by  each  machinist, 
which  eonld  Iw  (h^ue  in  three  weeks  of  eveuings. 

The  great  bulk  of  machiuc^work  relies  upon  units  no  smaller 
13 
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than  ^  inch.  All  such  dimensions  are  expressible  in  quarters 
by  a  single  duodecimal  place.  The  same  number  of  digits  will 
express  one-third  of  one-sixteenth,  or  one  forty-eighth  of  an  inch; 
which  dimension  would  probably  be  used,  in  all  future  work,  in 
place  of  the  sixty-fourth,  or  one-fourth  of  a  sixteenth,  of  an  inch. 
Thirty-seconds  and  sixty-fourths  require  two  duodecimal  places. 
The  same  number  of  figures  will  express  divisions  to  utitj  or  one- 
ninth  of  one  sixty-fourth  of  an  inch. 

On  the  other  hand,  two  digits  before  the  duodecimal  points 
suffice  to  express  any  dimension  short  of  a  yard.  The  standard 
divisions  on  the  scales  now  in  use  in  the  shop  would  be  expressed 
as  follows: 


i  ineK 

=  0..6  quarter. 

i  inch 

=  3..6  quai-ter. 

^    " 

=  0..3 

i 

=  2.6      " 

h    " 

=  0..16 

h 

=  1..3      " 

«^    " 

=  0..09 

A 

=  0.76    •' 

h    •' 

=  0..4 

A 

=  0..39    " 

1     <• 

•  4 

=  0..2 

A 

=  0..53    " 

A    " 

=  0..1 

A 

=  0.69     " 

t    " 

=  3.. 

*( 

H 

=  0..83    '' 

1    " 

=  1..6 

a 

=  0..99    " 

16 

=  0.9 

iJ 

=  0..83    " 

A    " 

=  0..46 

U 

=  1..09    " 

6*.       " 

=  0..23 

li 

=  1..23    •• 

etc. 

Until  the  duodecimal  multiplication  table  is  learned  these  figures 
seem  more  confusing  than  helpful.  But  even  without  that  prep- 
aration, let  any  shop  arithmetician  sit  dow^n  to  these  duodecimal 
fractions,  fhinTcing  only  in  dozens,  and  trace  their  relations;  he 
Avill  finish  with  a  strong  first  impression  of  the  facility  and  con- 
venience of  duodecimals. 

The  duodecimal  statement  of  tliese  same  fractions  in  terms  of 
an  inch  is  only  slightly  less  clear  and  facile  than  the  above. 
Thirty-seconds  and  sixty-fourths  require  three  duodecimal  places 
instead  of  two.  It  is  finally  to  be  remembered  that  these  duo- 
decimal expressions  for  the  familiar  vulgar  fractions  can  be  multi- 
plied, divided,  etc.,  more  easily  than  can  decimal  fractions — ^when 
once  the  duodecimal  multiplication  table  is  learned. 

Square  Measure. 

21.  Of  all  of  the  tables  of  measure,  square  measure  presents  the 
most  hopeless  aspect  to  the  American  reformer.  The  trouble  is, 
jiot  that  the  system  is  incapable  of  reform,  but  that  more  finished 
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work  lies  recorded  in  it  tlian  in  anj  other  measure*  The  great 
bulk  of  rlie  U^rritory  belongiui?  to  this  govern nient  has  been  sur- 
vejedj  divided,  and  Bold  by  the  square  mikj  section,  quarter-sec- 
tion, and  acre*  To  upset  this  work  is  a  stupendous  proposition. 
It  is  now  more  than  thirtv-six  years  iince  Congress  adopted  the 
metric  sjsteni,  ioehiduig  its  laud-uieai?ure,  yet  we  hear  less  to-day 
of  ares  and  hectares  than  we  did  then.  On  the  other  hand,  the 
iuitiative  in  any  change  of  measures  must  originate  \Wth  the 
federal  government  Should  the  nation  once  decide  that  change 
were  imperative  (which  is  the  supposition  upon  which  this  paper 
is  based),  probably  no  portion  of  the  task  would  find  itself  so  uni- 
fied in  control  and  so  quickly  accompHshed  as  the  alteration  of  the 
government  land  recordi*. 

23.   A  duodecimal  system  bused  upon  the  yard  naturally  results 
in  a  system  of  square  measure  something  like  the  following :  * 


t> 


1  2  5  4  9  1  milt. 


furlong  a* 

Eftch  of  these  acjuares  is  a  dacre. 

Hskch  side  of  ont*  of  thi^se  squares  mcasores  60 »     yards, 

Tahle. 

I  squtire  iiiile       -  6  furlongs  square. 

—  30.*     sqiiane  furlongs  (3  do z.  furlongs). 
:=  400. .     dacrrs  (4  gross  of  duodeeimiil  acres). 
=  1,000,000..     square  yards. 

1  sc^uare  furlong  ^  4  dacrea  square. 

^14,*    dacFPS  (one  dozen  and  four  dacrts), 
s  40 ,000 . .    square  yards. 

I  dacrc  —  CO.*     yards  square  (6  dozen  yards  sijUiU'e)* 

=  3,000**     square  yards  (3  gr.  gross  uf  sq.  yds). 

J  square  yard      =100,,     square  trinclies. 

1  squjinMriiith    ;;  UK),,     square  quarters* 

1  squant  qit»rtHr  ;^  lOO.,    square  groats 

1  squard  yard      =  9  square  feet. 

1  square  ftw  J  t       =14..     p<t^aro  trinehes. 

=;  100-.    square  inches  (f>  ^  14..     =100**). 
1  square  ineh      =14..     square  quarters, 

=  1,400,,     squarL^  gr^iats. 


*To  appn't*iftte  the  figures  it  must  be  remembered  that,  dviodecimaUy, 
4  squared  —  1.4;  that  is,  one  doaen  and  four.  Similarly^  the  square  of  6  is 
30,*,  or  S  do5Scn  (tlireedz). 
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23.  All  of  the  above  units  larger  than  the  yard  depart  suffi- 
ciently from  the  present  units  so  that  interchange  would  have 
to  be  formal  and  revolutionary.  The  duodecimal  square  mile  is 
3.7  per  cent,  smaller  than  the  present  square  statute  mile,  the  pro- 
posed linear  furlong  is  31  per  cent.,  and  the  square  furlong  is  71 
per  cent,  greater  than  at  present,  and  the  dacre  is  7.1  per  cent, 
greater,  or  has  a  side  3.5  per  cent,  longer,  than  the  acre.* 


Volumetric  Measure. 

24.  The  proposed  duodecimal  units  of  volume  are  the  standard 
cubic  yard,  the  cubic  irinch,  and  the  cubic  qimrter. 


TABLE. 

1  cubic  yard  =1,000..  cubic  trinches. 
1  cubic  trinch  =1,000..  cubic  quarters. 
1  cubic  quarter  =1,000..    cubic  groats. 

1  cubic  yard  =  23..    (two  dozen  and  three)  cubic  feet  (23..     =  the  cube  of  3). 
1  cubic  foot  =  54..    (five  dozen  and  four)  cubic  trinches  (54..     =  the  cube  of  4). 
=  1,000..    cubic  inches  (23..     x  54..     =1,000..    ) 


For  both  dry  and  liquid  measure  the  proposed  duodecimal  units 
.ire: 

(I)  The  trinTc^  or  cubic  trinch,  a  cube  measuring  3  inches  on  an 
edge; 

(II)  The  duodecimal  gallon  of  180..  (216)  cubic  inches,  a  cube 
measuring  6  inches  on  an  edge.     Thus: 

*  No  idea  of  the  simplicity  of  the  above  83rBtem  can  be  gotten  by  a  glance  at 
these  figures  without  having  learned  the  duodecimal  multiplication  tables.  Thus, 
to  divide  3,000,  one  of  the  numbers  of  the  table,  by  14,  another  of  them,  were  they 
both  decimal  nimibers,  would  be  cumbrous  and  would  lead  to  an  interminable 
fraction.  But  when  both  are  duodecimals  the  task  is  one  of  short  division,  vie: 
14..  I  3,000.. 

230..    "DoE-four  (one  doz^i  and  four,  or  one  and  one-third  doien) 
goes  into  threedz  (three  dozen)  twice;  carry  four.    Fourdz  (four  dozen)  < 
doz-four  three  times." 
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TABLE. 


Dry  Measure.  Liquid  Meawire. 

I  hogshead  =  8  cubic  feet  (a  cube  2  feet  long  on  each  edge). 
=  54..    gallons  (54..     =  the  cube  of  4). 
=  368..     trinks  (368..     =  the  cube  of  8). 

1  barrel       c=  4  cubic  feet  (4  =  2x2x1). 

=  28..     gallons  (28..     =4x4x2). 
=  194..    trinks  (194..     =8x3x4). 

1  bushel       =  8  gallons      =  1  cubic  foot  (=  2  gallons  cubed). 
=  14..    quarts  =  54..    trinks  (=4  trinks  cubed). 


1  peck  =  2  gallons 


=  }  cubic  foot. 
=  8  quarts. 
=  14..     trinks. 


4  quarts        =  1  gallon      =  8  trinks  (a  cube  6  inches  long  on  each  edge). 
1  quart  =  1  quart       =  2  trinks  (a  rectangular  solid  3"  x  3"  x  6"). 

1  pint  =  1  trink        =  23..     cubic  inches  (a  3-inch  cube). 

=  1,000..     cubic  quarters. 
=  1,000,000..     cubic  groats. 


25.  The  proposed  hogshead  contains  64  (54..)  of  the  proposed 
gallons,  as  against  63  present  gallons  in  the  present  hogshead; 
but  as  the  proposed  gallons  are  6^  per  cent,  smaller  than  the  pres- 
ent United  States  standard  gallon,  the  proposed  new  hogshead 
and  barrel  are  5  per  cent,  smaller  than  at  present.  The  proposed 
new  quart,  bushel,  and  peck  are  also  6^  per  cent,  smaller  than  at 
present,  and  the  trink  is  the  same  proportion  smaller  than  the 
present  pint.     One  trink  =  0.44245  litre. 


Measures  of  Weight. 

26.  The  proposed  duodecimal  unit  of  weight  is  that  of  one 
trink,  or  cubic  trinch,  of  distilled  water  at  the  temperature  of 
maximum  density.  Such  a  cube  would  weigh  0.97538  pound,  or 
about  2^  per  cent,  less  than  1  pound  avoirdupois.     Let  it  be  called 
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TABLE. 

1  (new)  ton  =  the  weight  of  one  cubic  yard  of  distilled  water. 
=  1,000..     poids  (one  great  gross  of  poids). 

1  poid  =  the  weight  of  1  3-inch  cube  of  water. 

=  10..     dozts  (dozenths  of  a  poid,  or  duodecimal  ounces). 

Idozt  =  10..     parte  (duodecimal  substitutes  for  the  drachm). 

1  pai  t  =  10. .     gregts  or  grets  (of  a  pound) . 

=  2  duodecimal  pennyweights,  (1  p'wt  =  6  grets). 

1  gret  =  the  weight  of  a  quarter-inch  cube  of  water. 

=  4  (new)  grains. 
=  200..     pennyweights. 

1  poid  =  1,000..     grets. 

1  pint  =  4,000..     new  grains. 

=  20..      (24)  grains,  as  at  present. 


In  tliis  table  the  dozt  is  just  30  per  cent,  greater  than  the  present 
avoirdupois  ounce,  or  21.5  per  cent,  greater  than  the  Troy  ounce; 
but  as  ounces  are  not  a  standard  measure  of  weight,  but  are  used 
solely  as  convenient  fractions  of  a  pound,  this  discrepancy  mat- 
ters little.  The  part  is  19  per  cent,  less  than  the  apothecaries^ 
drachm.  The  proposed  duodecimal  pennyweight  and  the  new 
grain  are  each  just  1.27  per  cent,  greater  than  their  existing 
standard  counterparts.  The  proposed  new  ton  is  15.7  per  cent, 
less  than  the  present  short  ton,  or  24.8  per  cent,  smaller  than,  or 
almost  exactly  three-quarters  of,  the  present  long  ton.  Consider- 
ing, however,  that  in  addition  to  these  two  tons  we  already  have 
in  regular  use  several  sizes  of  marine-registry  tons,  the  miner^s 
ton,  and  a  few  more  such  odd  ones,  not  to  mention  the  metric 
tonne,  it  hardly  appears  that  there  is  an  existing  standard  from 
which  to  depart.  The  convenience  of  having  the  ton  the  weight 
of  a  cubic  yard  of  water  far  overbalances  any  objection  to  change 
from  existing  methods. 

[In  tlio  presentation  of  the  paper  before  the  Society  the  author 
here  refered  to  a  wall-chart,  electrotype  of  which  is  appended  as 
Fig.  54,  displaying  the  comparative  amounts  of  work  involved  in 
calculating  the  cubic  contents,  in  the  several  units  of  volume  and 
weight,  of  a  rectangular  tank  24  feet  llf  inches  long  by  21  feet 
11^  inches  wide  by  5  feet  2^  inches  deep,  filled  with  water 
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Tlio  loft-liaiid  fjortion  of  the  cbart  oxliibits  the  present  method, 
the  right-hantl  the  method  by  the  pn>pose<l  sy^teiiL  It  was  not 
urged  that  thiH  problem  was  a  typical  or  common  one  in  engineer- 
ing work;  but  ita  awkward  association  of  hirge  and  small  units  in 
the  dimensions  bringi^  out  graphieally  the  mental  saving  to  be 
expected  in  all  computation,  which  is  the  only  argument  in  favor 


t^^it^'  *  Zt  jS.  tf^  *   ^Jk3^ 


SM-^  -  7***"*  *  ffi9-** 
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em,  liA  ^fi»  oti^  o 


e»<  hi 


ilAB.x««  J*i*  bt^lA 


Fig.  r>4. 


**f  tTie  metric  system  winch  has  been  sufficiently  cogent  to  inaiire 
its  adoption,  viz.,  in  acientitic  work.  I 


Monm/. 

27.  If  our  arithmetical  notation  and  our  standanl  weights  and 

leasures  unite  in  becoming  purely  duodecimal  in  character  the 

monetary  system  is  bound  to  follow.     This  proposition  is  not  so 

revolutionary  as  would  at  fir^t  sight  appear.     The  standard  of 

value,  the  dollar^  and  ail  of  its  unit  representations  would  remain 

.  nnchanged.     All  bills  of  five  dollars  or  higher  denomination  would 

■  iiaturftlly  be  called  in  and  their  equivalent  issued  in  denominationfl 

of  three,  six,  nine,  doz,  gross  dollars,  etc.     But  this  process  could 

be  as  gradual  as  desired.     Under  duodecimal  notation  five  and 

ten-dollar  bills  would  bo  inconvenient,  but  they  %vonld  be  useable. 

As  to  coins,  the  half-dollar  and  quarter-dollar  would  remain 

unchanged.     The  dime,  the  nickel,  and  the  cent  would  have  to 

be  retired.     In  their  place  would  be  issued  fractional  currency 

under  the  following  plan: 

1  dollar  =  ID.,  bits  (one  do^pn  bj't^  of  8^  eents  value  each^  ► 

1  bit       —  10..  ^oat^. 

I  groat  =  10,.  grptn  (far  piirfKiF^H\s  whorf»  tlto  null  is  now  usi'd)* 


200  RATIONAL  SOLUTION  OF  PROBLEM  OF  WEIGHTS  AND  MEASURKa 

The  probable  coins  would  be: 

The  silver  half-dollar         =  6  bits  =  60..  groats  ( =  50  cents) ; 

The  silver  quarter-dollar   =3bits  =  30..  "      (=  25    "    ) 

The  silver  W                      =  1  bit    =10..  "      (=81") 

The  nickel  half -bit                           =6  "       (=    4  "    ) 

The  copper  quarter-bit  piece            =3  "       (=  2i^«  cents); 

The  copper  groat  ( =  0.7083  cents.) 

28.  Aside  from  its  duodecimal  advantages,  this  schedule  pre- 
sents two  minor  points  of  advantage  over  the  present  decimal  one: 

(I.)  Change  for  a  quarter  could  ordinarily  be  had  in  a  single 
convenient  denomination — that  is,  in  three  silver  bits,  whereas 
now  it  requires  two  denominations,  dimes  and  nickels,  to  make 
it.  (The  practical  objections  to  relying  upon  nickels  alone  for 
changing  quarters  are  obvious.) 

(n.)  The  progress  of  business  toward  finer  margins  and  lower 
prices  is  steadily  making  the  cent  too  large  for  many  retail  trans- 
actions. The  smaller  value  of  the  groat  harmonizes  with  this 
need. 

29.  But  any  complete  comparison  between  the  two  systems 
must  amount  to  the  fact  that  we  should  never  perceive  any  con- 
scious difference  in  using  the  new  system,  although  its  economy 
of  time  and  effort  would  be  there  nevertheless.  The  period  of 
novelty  due  to  its  introduction  would  be  less  than  that  experienced 
by  an  American  using  British  money  for  the  first  time.* 

30.  This  completes  the  list  of  essential  measures  to  be  affected 
by  the  fancied  revolution.  From  it  will  be  plain  that  a  line  of 
progress  is  open  before  us  which  will  accomplish  the  following 
results: 

(a)  Harmony  between  the  systems  of  measures  and  of  nota- 
tion, which  is  all  that  the  metric  system  has  to  offer; 

*  Therein  is  suggested  another  palpable  opportunity  for  advance.  The  Amer- 
ican five-dollar  piece,  the  British  pound  sterling,  the  German  twenty-mark  piece, 
and  the  French  24-franc  value  ought  to  be  made  equivalents.  Then  we  should 
have: 


American. 

British.                   German. 

French. 

5  dollars 

=     1  pound       =     20  marks 

=r 

24  francs. 

1  dollar 

=     4  shillings    =       4  marks 

= 

4.80  f. 

3  bits 

=     1  shilling     =       1  mark 

= 

1.20  f. 

Ibit 

=     4  pence        = 

= 

40  c. 

3groats 

=     1  penny       =     

= 

10  e. 
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(J)  Greater  facility  m  eomputationj  which  is  what  the  scientific 
world  especially  desires; 

(c)  Division  of  units  by  twos  and  by  threes,  which  is  what  the 
people  especially  desirCj  for  they  cannot  live  without  it; 

(d)  A  large  measure  of  consistency  with  existing  standards,  it 
being  abeohite  and  accurate  in  linear  measurements  ami  so  closely 
approximate  in  weights  and  measures  of  volume  as  not  to  appre- 
ciably disturb  popular  conceptions; 

(f?)  Poaaibility  of  a  gradual  tniuBition  from  one  system  to  the 
other,  not  without  great  cost,  but  without  catastrophe, 

Thusi,  as  to  this  last,  all  English-speakinir  peoples  ought  long  ago 
to  have  united  in  making  the  standard  gallon  contain  21G  cubic 
inches,  or  a  cube  measuring  6  inches  on  an  edge.  The  standard 
pound  ought  to  be  the  weight  of  a  pint  of  distilled  water  at  maxi- 
mum density.  The  ton  ought  to  be  a  cubic  yard  of  the  same. 
Thee©  changes  can  he  undertaken  to-day,  to  an  advantage  well 
worth  any  disturbance  they  might  croatCj  whether  any  duodeci- 
mal system  of  numbers  be  contemplated  or  not.  And  yet,  when 
these  things  are  once  done  it  will  appear  that  the  bulk  of  the  cost 

the  adoption  of  duodecimal  notation,  to  the  industrial  world, 
"lit  any  rate^  has  already  been  overcome. 

xiisorssiON. 

Mr.  John  D.  lii^ff^. — Our  present  system  of  feet  and  inches 
for  linear  me^isurement  with  inches  divided  into  halves,  quarters, 
eightlis,  sixteen  tits,  thirty-seconds  and  sixty -fourths  is  just  a  little 
inconsistent.  If  we  can  compare  a  dimension  of  say  a  sixteenth 
of  an  inch  with  the  inch  as  our  unit,  and  get  a  clear  conception 
of  its  inagnitmle,  then  why  can  wo  not  compare  the  inch  unit 
with  a  fUniension  of  fifteen  inches  and  iivoid  the  use  of  the  foot 
altogether?  In  practice*  does  not  a  man  come  to  know  the  value 
of  II  sixteenth  of  an  incli  as  a  unit,  aiid  should  not  this  unit  have 
a  tetter  name  than  it  now  has?  When  this  unit  gets  the  name 
that  is  duo  it  the  sixty-fourth  can  be  read  as  a  quarter  of  a  six- 
teenth of  an  inch,  and  the  millimetre  will  not  seem  so  small 
when  compared  with  this  old  unit  with  a  new  name. 

The  proposed  system  based  on  the  nurater  1:2  seems  to  be  very 
fortunate,  in  that  it  brings  in  the  factor  3  just  often  enough  to 
suggest  a  new  unit-name,  and  thus  avoid  aueh  fractions  as  thirty- 
seconds  and  sixtv -fourths.     l>at  as  the  substitution  12  for   10 
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eliminates  the  objectioiuible  feature  of  the  metric  system^  why 
not  base  this  sysleui  on  the  standanl  metre  instead  of  the  yard? 
Dividing  the  metre  into  12  parts  we  get  a  unit  about  equal  to  the 
width  of  a  school-boy's  hand,  and  for  the  present  we  may  call  it 
a  (metric)  hand,  dividing  this  again  by  12  we  get  a  dimension 
nearly  equal  to  the  diameter  of  the  ordinary  round  lead-]iencil, 
and  which  we  may  call  a  pencil,  DiTuensions  smaller  than  this 
might  be  expresstnl  as  fractions. 

Some  will  ask,  why  make  a  change  to  the  metre  and  not  get 
the  metric  system  after  all?  But  if  in  making  this  change  we 
can  anticipate  the  next  one  and  thus  make  the  two  changes  as 
one  and  avoid  most  of  the  confusion,  we  will  have  gained  a 
point.  If  the  second  change  nhould  never  be  made  by  the  other 
nations,  we  will  still  be  based  tm  the  same  standard,  and  our  sub- 
divisions will  have  a  very  simple  relation  to  theirs. 

After  all,  the  thing  we  are  after  is,  in  my  opinion^  to  be  able 
to  compi*ehend  din^ensions  and  measurements.  That  system  is 
best  which  will  enable  designers  and  workmen  to  comprehend 
what  stated  dimensions  represent. 

Mr.  George  W,  Oolh^^ — ^This  paper  is  something  more  than  an 
admirable  summing-up  of  the  present  status  of  the  Weights  and 
Measures  question,  and  a  step  forward.  It  is  a  step  forwani  in 
tlie  right  directionj  and  I  can  say  with  truth,  that,  of  the  scores 
and  dozens  of  schemes  for  new  weights  and  measui'es  systems 
which  have  l>een  proposed,  and  many,  if  not  most,  of  which  I 
have  seen,  this  is  the  very  tirst  of  ^vhich  that  can  be  said.  I  do 
not  say  it  is  the  fii'st  '^  rational  solution''  of  the  problem,  bnt  is 
certainly  the  moaft  rational  solution  that  has  yet  been  ]>roposedj 
and  therefore  well  deserves  its  title* 

Some  years  ago,  I  liad  the  honor  to  present  to  this  Society  a 
paper  which^  though  bulky,  was  yet  incomplete,  for  while  part 
of  the  pa|)er  was  devoted  to  the  history  of  weights  and  measures, 
the  remainder  was  devoted  to  the  objections  to  the  metric  sys- 
tem, and  having  linished  this  part  of  the  work,  I  found  it  neces- 
sary, on  aceount  of  the  magnitude  of  the  work^  to  postpone  a 
special  consideration  of  the  duodecimal  system  of  weights  and 
measures  until  another  time.  Nevertheless,  as  was  pointed  out 
in  that  paper,  and  as  the  title  of  the  |iai>er  itself  imjilieSj  the 
special  consideration  of  the  duodecimal  system  itself  and  its  ])og- 
sibilities  was  merely  posfci>oned.  Tlie  seijuel  to  that  paper  which 
I  then  hfwl  in  my  mind  and  which  I  have  had  in  my  mind  ever 
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I  since,,  wm  to  outline  a  scheme  of  improvement  on  precisely  the 
stiuie  lines  as  tbiifc  i}roposed  by  Professor  Reeve*  As  I  have 
never  found  an  opportunity  to  undertake  thii^  myself,  it  is  with 
I  very  great  pleasure  that  I  S6e  that  it  has  been  undertaken  by 
someone  else  and  at  a  critical  juncture,  because  it  is  evident  that, 
in  order  to  stem  the  tide  which  has  apparently  set  in  favor  of 
the  metric  system  in  many  circles,  it  is  necessary  to  give  a  serious 
consideration  to  our  own  pi'esent  system,  which  is  evidently 
capable  of  great  amelioration. 

As  Professor  Eeev©  has  taken  up  the  task  and  preaentetl  a 
rational  scheme  of  improvement,  I  believe  it  will  not  l>e  without 
interest  to  outline  in  a  general  way  my  own  ideas  on  this  sub- 
jectj  which  were  obtained  largely  during  a  consideration  of  the 
historical  matter  on  the  subject  of  weights  and  measures  and 
which  enabled  me  to  arrive,  though  by  a  somewhat  different 
path,  at  almost  identical  conclusions  with  Iiis  own.  My  investi- 
gation of  fiast  history  shows  that  it  is  not  the  ease  that  our  pres- 
ent congeries  of  independent  measuring  units  are  in  fact  inde- 
pendent of  one  another,  and  merely  selected  at  random  without 
reference  to  their  mutual  relation.  The  fact  that  Professor 
lieeve  has  been  enabletl  to  work  out  so  admimble  and  weU^fitting 
a  system  from  our  present  units  has  its  ramm  (rHre  mainly  in 
the  fact  that  he  has  unconsciously  returned  to  the  original  rela- 
tions which  these  measures  bore  to  each  other.  The  mass  of 
evidence  on  tliis  jwint  is  very  greti^t,  and  could  it  all  be  presented 
together,  would  liardly  fail  to  be  convincing.  While  I  speak  at 
present  wholly  from  memory,  1  think  I  can  safely  lay  down  the 
following  as  among  tiie  mutual  relations  of  our  weights  and 
measures: 

1.  The  gallon  was  210  cubic  inches,  or  one-eighth  of  a  cubic 
f  foot.  Our  present  galltm  of  %\\  cubic  inches  is  an  anomaly,  like 
all  the  r*.^st,  bi^jught  about  by  ill-ad vi^d  legisktion  on  a  false 
l)asis. 

2*  Tlu^  pint  was  a  cube  of  thix^e  inches  on  an  edge^  or  what 
Professor  Keeve  calls  a  ''trink.''  It  naturally  follows  that 
8  pounds  luake  a  gallon,  and  Gi  pounds  or  pints  a  cubic  foot, 

3,  The  bushel  was  i!,lGO  cubic  inches  (IT.  S*  standard  bushel 
^  2,150.48  cul>ic  inches),  tliat  is  to  say,  was  10  gallons,  or  \\ 
cubic  feet.  The  mU(m  iPetre  of  the  bushel  is  that  it  is  an  equiva- 
lent in  weight  of  wheat  to  the  gallon,  that  is  to  say,  a  bushel  of 
wheal  weighs  approximately  the  s^une  as  a  cubic  foot  of  loater^ 
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or  64  [Hounds.  Not  exactly,  perbaps;  but  the  approximate  ratio 
of  4:5  between  the  specific  gravity  of  wheat  and  water  (or  rather 
\rheiit  and  wine^  thu  two  chief  articles  of  commerce)  was  so 
convemeiit  for  ordinary  me^surementSj  that  it  was  adopted  here 
as  in  a  ntimber  of  other  cases,  some  of  which  were  referreil  to  in 
my  pa]>er  before  mentioned. 

4.  It  shonld  be  remarked  that  there  was  at  some  time  a  special 
measm^e  of  one  cubic  foot  for  liquids,  though  what  it  was  called 
at  various  periods  is  uncertain.  It  was  called  amjy/iora  by  the 
Romans  and  was  the  universal  measure  of  capjicity  in  bulk,  as, 
for  instance,  in  measuring  the  displacement  of  ships. 

5.  The  tmi  (formerly  the  same  as  iun)  was  formed  by  doubling 
and  redoubling  upwanls  from  the  gallon,  forming  the  intermediate 
measures  of  the  barrel  and  hogaheadj  and  the  ton,  therefore,  was 
32  cubic  feet  (rt^^  one  cubic  yard),  or  2^^  =  3,048  pounds  (or  pints). 
The  figure  2j<-KiO  is  a  corruption  assumed  for  convenience  in  cal- 
culation by  the  decimal  system^  but  it  spoils  the  harmony  of  the 
original  system. 

0.  The  mUe  as  a  lineal  meusure  is  an  anomaly,  and  not  a  part 
of  the  original  system,  being,  as  its  name  denotes,  *'mille|>as- 
sus/'  Le.,  one  thousand  double  paces  of  five  feet  eacli^  therefore 
partly  founded  on  an  intlependent  base  (the  natural  pace)  and 
partly  on  the  decimal  system. 

V.  Neither  does  it  appear  that  the  f/arJ  is  a  part  of  the  orig- 
inal system,  but  this  ivas  a  Teutonic  measure  which  was  grafted 
on  subsequently*  Therefore  j  so  far  as  concerns  Pmfessor  lieeve's 
coincidences  in  duotlechnals  between  the  yard^  mile,  and  quarter 
inch,  they  jire  purely  accidentaL  The  fmt  was  the  tu^tual  stan- 
(hml  of  the  ancient  system  as  it  is  in  all  civilii^ed  countries  to-day, 
while  the  yard  or  its  equivalent  is  limitetl  to  a  few,  and  has  but 
comparatively  limiteil  apj>lication.  The  foot  is  still  used  to  the 
exclusion  of  the  yard  in  the  great  majority  of  cases,  and  has  been 
from  the  first  divided  into  12  inches^  144  lines  and  1,728  points 
— therefore  strictly  on  the  duodecimal  system. 

8.  The  above  considerations  ai-e  sufficient  at  least  to  show  that 
the  units  of  the  ancient  metrological  system  were  strictly  co-ordi- 
nate one  with  another,  although  the  sulxli visions  and  multiples 
of  these  units  were  not  strictly  duodecimal,  but  on  the  contrary 
partly  duo<Iecimal  and  jiartly  octonary,  M<.>st  of  these  points 
are  referred  to  incidentally  in  my  paper  before  mentioned* 

While  I  have  no  thought  of  the  desirability  of  returning  to 


i^ 


a  system  merely  b<2caus€  it  is  ancient,  still  it  is  my  firm  belief 
that  it  will  prove  far  easier  to  return  to  the  original  system  tlian 
to  undertake  a  new  departure  to  exhibit  relations  between  units 
H^vhich  are  entirely  foreiga  to  it  and  merely  accidental. 
H     It  apjiears  also  from   this  stundpointj  that  white  Professor 
^y^eve  is  strictly  correct  in  saying  that  we  should  long  ago  hare 
Hpfepted  a  standard  gallon  containing  216  cubic  inches^  he  falls 
into  error  in  making  a  hnshd  equal  to  one  cubic  foot,  or  8  gal- 
lons, instead  of  \\  cubic  feet,  or  10  gallons,  which  it  approxi* 
mately  is,  and  which  would  amount  to  an  extremely  small  and 

1  comparatively  unnoticeable  departure  from  the  present  bushel, 
and  consequently  also  in  its  subdiWsions.  Professor  Reeve  iSj 
ct  courses  welcome  to  i^etain  the  cubic  foot  as  a  dry  measure,  but 
lie  must  not  call  it  a  baslieL  Similarly  the  proposed  to  call  a 
measure  of  1,758  pounds  a  ton  not  only  does  unjustifiable  vio- 
lence lo  the  proper  relations  (with  respect  to  which  a  S^OOO-ponnd 
rton  is  much  more  proper),  but  he  also  departs  far  too  widely  from 
our  present  ton  to  avoid  an  intolerable  confusion.  There  is  no 
ton  now  of  less  than  2,000  pounds,  and  while  a  measure  equal  to 
three-quarters  of  the  present  long  ton  or  metric  ton  may  be  con- 
K  venient,  it  nmst  not  be  called  a  ton. 

"  Perhajjs  I  may  be  permitted  to  add  to  the  already  very  excel- 
lent setting-forth  of  the  matter  in  Professor  Reeve's  pa]>er  a  few 
general  considerations  on  the  question  of  altering  weights  and 

(measuti^s. 
1.  The  first  question  to  be  oonsideredj  when  a  proposal  for 
metric  reform  is  made,  is,  shall  we  sweep  away  altogether  the 
old  units  and  replace  by  new  ones,  or  shall  we  amend  and  im- 
I     prove  the  old  system  ?     And  in  so  amending,  is  it  betfer  to  retain 
H  only  the  basic  units  for  the  different  quantitieSj  or  shall  w^e  make 
^^nall  antl  insignificant  changes  as  far  as  possible  in  the  specitd 
HBbdivisions,  so  that  they  shall  accord  with  one  another  on  the 
system  we  propose  ?    Experience  shows  the  difficulty,  nay  almost 
impossibility  anil  worse  than  uselessness  of  attempting  the  first 
course*     The  very  first  principle  to  be  laid  down  is  to  adopt  the 
very  fewest  new  units  ixjssible,  and  the  second  is  that,  where 
they  are  adopteil,  they  must  l>e  commensurate  with  the  old-     As 
to  making  small  changes  in  secondary  units  and  calling  the 
changed  units  by  the  same  names,  great  objections  have  been 
offered  owing  to  the  confusion  necessarily  engendered  as  to  ex- 
actly what  is  meant  by  a  namCj  yet,  on  the  whole^  I  think  this 
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is  far  less  an  evil  than  tbe  introduction  of  an  absolutely  new  and 
discordant  system,  and  far  less  dan«^erons  than  the  introduction 
evexi  of  new  units  which  accoi-d  more  or  less  with  the  existing 
ones. 

2.  Not  less  a  point  for  consideration  is  that  tbe  pnjposed  re* 
form  inuist  be  capable  of  being  adopted  gratlually,  little  by  little 
and  piece  by  piece,  and  not  by  any  sudden  and  ix*volutionary 
change,  of  which  the  metric  system  is  a  perfect  example,  and 
result  of  merely  introducing  discord,  which  it 
drives  out.  Now  Professor  Reeve's  plan  13 
just  such  a  system  as>  contrary  to  the  metric  system,  may  be 
adopted  little  by  little  and  with  tbe  legist  possible  violence  to 
popular  uses  and  customs,  thoug)j  undoubtetHv  requiring  tbe  aid 
of  a  certain  amount  of  legislation.  It  is  not  by  any  means  neces- 
sary that  it  should  all  be  adopted  to  secure  the  improvement  of 
the  present  system,  but  the  ado]>tion  of  any  part  by  itself  will 
improve  the  system,  leaving  the  question  of  the  atloption  of  a 
further  part  optional  at  any  time  in  the  future.  Nor  is  it  neces* 
sary  that  all  the  proposed  units  be  adoptai  pitji-isely  as  outlined 
by  Professor  Eeeve;  but  this  should  be  the  subject  of  considera- 
tion by  a  commission  of  highly -skilled  metrologiats  of  the  prin* 
cipal  Enghsh-spe^king  nations  Ijefore  anything  is  dono^  if  that 
be  possible;  although  I  do  not  mean  to  say  I  would  disfavor  m^ 
single  well-considenxl  step  by  the  United  States  Government 
alone,  as  international  commissions  are  so  seldom  fruitful  of 
results, 

3*  As  to  the  proposed  duodecimal  nokxtion,  1  mast  admit  that 
is  a  question  I  have  never  seriously  considered.  Such  a  system 
has  been  proposetl  l>efore  i»y  many  mathematicians  and  even, 
actually  used.  That  it  is  actually  easier  when  once  learned  is  te- 
yond  a  doubt,  and  yet  it  is  equally  true  and  more  important  to 
note  that  the  decimal  system  is  so  deeply  and  universally  rooted 
in  the  mind  of  man,  that  it  would  be  nearly  onpossible  to  eradi* 
cate*  I  feel  that,  while  scientists  may  use  this  to  advantage  if 
they  do  not  come  into  contact  with  the  decimal  system,  yet  the 
latter  woidd  introduce  such  confusion  in  their  thoughts,  that 
tiiey  would  find  themselves  perforce  compellcil  to  abandon  the 
former.  It  seems  to  me,  in  fact,  that  even  Professor  lieeve  has 
underrated  the  difficulties  of  middng  a  change,  as  history  proves,^ 
that  people  bold  on  to  their  units  with  a  firmness  that  nothing 
can  shake,  allieit  such  flrmuess  is  nothing  after  all  but  a  mer^j 
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dead  resistance  of  a  magnitude  practically  insuperable  }jy  the 
legislator. 

4.  As  fco  money,  our  present  unit  has,  of  course,  no  actual 
relation  whatever  to  any  metrological  system,  old  or  new.  Pro- 
fessor Reeve's  division  of  the  dollar  is  therefore  purely  arl>itmry 
■finil  in  so  far  objectionable;  although  tliat  it  would  be  more  con- 
venient than  the  present^  goes,  of  course,  without  saying.  A 
igfMxl  instance,  Ijo^rever,  of  the  point  last  i^efen-ed  to,  as  to  the 
Jifficulty  of  changing  units,  is  that  suggested  by  him  in  the 
appn^itimate  e<:[uivalents  of  the  American  half-ei^^le,  the  British 
pound,  the  German  20-niark  piece,  and  the  French  24'fra,!ie 
value,  which,  of  course,  l>y  all  common  sense  ideas,  tnu/Zit  to  have 
been  unifie^l  long  ago,  but,  as  a  matter  of  factj  this  has  been 
tried  and  given  up  as  a  hopeless  task,  as  uo  agreement  l>etwo6n 
the  different  nations  concerned  could  lie  reached.  The  British 
nation,  for  instance,  would  undoubtedly  Ik?  ver}^  glad  to  have 
the  Tnitod  States,  Germany  and  France,  change  their  units  to 
correspond  mth  the  pound  sterling,  but  they  themseli?es 
would  not  he  willing  to  change  the  value  of  the  pound  by 
the  twentieth  part  of  one  poor  scruple,  as  has  been  shown  by 
the  agitation  for  decimal  currency  and  rm  other  occasions  in 
ijTCuX  Britain,  As  well  might  it  l»e  tried  to  agree  upon  u  com- 
mon language, 

B.  One  of  the  greatest  ol>jectious  to  tJie  system  pro}>osed,  not 
only  of  duodecimal  notation  but  of  duodecimal  weights  and  mea- 
sureflf  in  the  introduction  of  new  words*  The  experience  with 
the  metric  syst-em  showetl  what  an  insujjerable  prejudice  the 
po])ular  mind  him  to  such  innovations.  This  must  be  counted 
nil  long  the  apparently  unavoidalile  accompaniments  of  any  im- 
porUiUt  change  in  weights  and  uieiisnres. 

In  conclusion  let  ine  say  that  I  do  not  think  this  ijuostirm 
shoidd  bo  treated  lightly  or  apathetically.  There  is  no  valid 
reason  why  the  Committee  on  Coinage,  Weights  and  Measures 
of  Congress  shouhl  continue  to  grind  out,  year  after  year,  the 
siime  old  ImlJetins  and  the  same  weather-worn  arguments  in 
favor  of  the  metric  system,  and  bills  to  make  it  com|mlsory. 
C<iuld  sufficient  interest  be  aroused  on  the  otJttT  side  of  the  ques- 
tion, and  this  Committee  be  got  to  even  consider  the  ameml- 
mcnt  of  our  present  system  in  a  rational  manner,  there  is  at  least 
no  doubt  but  that  a  nmch  greater  advantage  would  accrue  to  the 
puldic.     The  fact  that  hunilreds  of  men,  clubs,  societies  and 
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otber  bodies  can  be  got  to  endorse  the  metric  system  in  a  general 
way,  or  to  cite  points  in  its  favor,  as  in  the  recent  sj^mposimn 
called  for  by  the  Franklin  Institute,  seems  at  first  disheartening 
to  those  of  us  wlio  believe  wo  see  its  defects;  yet  they  are  in  fact 
of  little  more  importance  than  the  popular  endorsement  of  a  pat- 
ent malicine^  Ijeeause  very  few  of  such  persons  as  have  endorsed 
it,  however  able  in  their  s|)ecial  department  in  life,  have  ever 
given  the  question  of  weights  and  measures  antl  notation  a  seri- 
ous and  prolonged  consideration.  The  fact  that  they  cite  the 
decimal  divisions  as  tlie  great  advantage  of  the  metric  system, 
whereas  in  fact,  they  are  the  sujii^enie  objection  to  it,  shows  fairly 
well  that  this  is  the  case.  I  only  wish  that  more  of  our  practi- 
cal scientists  could  be  got  to  try  the  duodecimal  system,  espe* 
ciallj^  with  its  accompanying  notation,  as  Professor  Eeeve  has 
done. 

Mr.  JL  H.  Suplee, — In  the  first  place  I  wish  to  congratnlate 
Professor  Reeve  mx  the  goml  work  that  he  has  done.  I  think 
the  apphiuse  which  greeteil  him  showed  that  many  of  the  audi- 
ence agreed  in  some  of  his  points,  at  least.  The  only  remark  I 
wish  to  make  now  is  to  call  attention  to  the  fact  that  a  some- 
what similar  system  was  prepared  a  nuuiber  uf  years  ago  by  the 
veteran  John  W.  Ny strum,  only  that  he  based  his  upon  16  in- 
stead of  npon  12.  The  system  was  worked  out  at  short  length 
in  his  well-known  *' Engineers-s  Pcx^ket  Book/'  although  I  be- 
Have  it  has  been  left  out  of  the  recent  editions,  and  I  think  he 
prepared  a  complete  arithmetic  on  that  system  and  also  used  it 
in  his  treatise  on  *' Steam  Engineering,-'  I  think  his  work  in 
that  direction  was  brought  to  a  close  by  his  death  nithor  from 
any  change  of  opinion  on  liis  part-  He  continued  to  be  an  advo- 
cate of  it  to  the  end,  and  I  think  that  Professor  Ileeve  has  taken 
up  that  branch  of  the  work  in  an  excellent  mannerj  and  I  hope 
will  carry  it  through. 

So  far  as  the  workman  in  the  shop  is  concerned,  it  does  not 
matter  very  much  what  system  he  uses,  since  he  must  work 
mainly  to  gauges  anyhow.  The  dimension  for  him  is,  and  should 
be,  merely  the  name  for  the  gauge,  whether  it  is  in  tlie  decimal 
or  duodecimal  system  is  a  matter  of  minor  importance. 

ProfemQr  Eeem, — I  should  like  to  know  a  little  more  definitely 
than  I  have  yet  discovered  what  Is  the  verdict  of  the  Society 
upon  this  proposition.  To  make  it  of  any  va.lue  to  the  profes- 
sion it  must  be  raised  from  the  level  of  a  suggestion,  u'here  it 
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now  stands,  to  a  condition  where  it  can  l>6  trieil,  npon  a  lim- 
ited acale  at  least,  Tbat  means  a  large  amount  of  decidedly 
tedious  labor*  I  have  had  no  time  to  undertake  that.  I  have 
had  no  basis,  I  do  not  feel  that  I  now  have  any  basis  for  doing 
it.  If  there  is  no  general  ojanion  ujion  the  part  of  tlie  profession 
tbat  progress  in  this  line  is  valuable  as  well  as  possiblCj  it  is 
hardly  worth  either  my  while  or  that  of  any  one  else  to  prepare 
tiiose  tabulations  of  a  nuuierical  sort  which  are  essential  to  the 
first  trial  of  the  plan,  I  will  not  say  that  I  shall  not  some  day 
undertake  the  task,  but  I  certainly  s^hall  not  do  it  immediately, 
and  I  should  feel  very  little  like  looking  forward  to  it  if  tliere  is 
no  general  ex|iression  of  approral*  1  \vould  ask^  rather  as  a  per- 
sonal favor,  that  there  be  either  approval  or  disapproval  iu  so 
far  as  there  ean  be. 

Mr.  \Vilfre4  Ij/tms, — I  would  like  to  ask  Professor  Reeve 
whether  he  could  not  give  us  a  comparative  statement  of  the 
rt.*lative  merits  of  this  system  which  he  ])roposes  on  the  system 
referred  to  by  Mr,  Suplee,  in  which  16  was  taken  as  a  base  instea<l 
of  1^^ — whether  there  are  not  advantages  in  favor  of  16  which 
do  not  apply  to  the  duu^leeimal  .systeui  ? 

Prqfemor  Eeev^.—Thi^  reply  is  simply  that  the  history  of  the 
world,  as  Herbert  Spencer  puts  it,  has  shown,  by  the  survival  of 
the  fittest,  that  when  a  man  wishes  to  divide  a  thing  he  first 
divides  it  by  2.  If  tlie  division  hy  2  result!^  in  too  large  a  quan- 
titv,  he  next  divides  bv  3.  If  the  division  bv  3  results  in  too 
irgea  quantity,  he  divides  by  4,  By  that  time  the  point  wliere 
simjJe,  easy  division  is  carried  on  by  the  eye  or  by  estimate  has 
been  sarpassed.  Beyond  that  it  does  not  make  much  difference 
whether  divisions  run  by  5,  %  or  Tj  or  what  they  are;  but  to 
J^eave  out  the  factor  3  would  cut  us  off  from  two  things:  in  the 
irst  place  a  very  valuable  division,  smaller  than  a  half  and  larger 
than  a  quarter^  and  which  appears  very  prominently  in  this  mul- 
tiplication-table when  yon  come  to  analyze  it.  That  is  the  3d; 
or  4  units  on  the  basis  of  2  parts.  Secondly,  we  have  got  to 
adhere  to  present  standard  units  of  length.  I  think  that  nearly 
all  of  us  are  agreed  on  that,  and  the  present  standard  of  length 
is  the  foot  and  tlie  inch.  The  factor  3  enters  in  everywhere  until 
we  subdivide  the  inch ;  then  only  do  we  adhere  to  the  binary 
division.  At  any  rate,  the  foot  and  the  inch  and  the  yard  are 
inseparably  connected  with  the  factor  3. 

Mi\  F^  A.  Hidmy. — I  woud  like  to  ask  Professor  Reeve  regard* 
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ing  the  feasil>ility  of  using  tho  two  systems  conjointly  through  a 
long  period  of  time,  for  therein^  it  seems  to  ine,  is  the  fimda- 
inent<il  (iitficulty,  I  do  not  suppose  there  is  any  one  who  has  given 
this  subject  any  serious  attention  who  is  not  coovinceJ  of  the 
advantages  of  the  (luo(kx:imal  system ,  I  suppose  the  actuaL  tangi- 
ble advantages  of  that  system  eoTiipured  with  the  imaginary  ad- 
vantELges  of  the  metric  system  would  stand  in  the  ratio  of  possibly 
100  to  1,  certainly  10  to  1.  T  think  that  Professor  Ileove  makes 
the  same  mistake  as  the  metric  advocates  in  assuming  the  chief 
difficulty  to  lie  in  learning  to  think  in  the  new  system.  It  seems 
to  me  that  the  chief  difficulty  lies  in  the  fact  tlnit  our  system  of 
noUitionj  like  our  system  of  weights  and  measures,  is  '*  tied  irre- 
vocably to  the  past,"  What  I  mean  is  that  our  numerical  rec- 
ords of  all  kindn,  regardless  of  nationalityj  geography,  language 
or  age,  are  all  based  upon  the  numlx^r  10,  and  it  seems  to  me 
that  to  introduce  this  change  would  introduce  confusion  that 
would  last  for  a  thousand  years*  That  would  be  the  case^  unless 
the  two  systems  could  he  useil  conjointly, 

Profemor  Re^ve.—\n  reply  to  that  I  would  say  that  T  antici- 
pate that  at  the  start,  certainly,  and  for  a  long  time  probably, 
the}'  would  be  used  conjointly.  The  place  where  they  woidd  be 
used  first  would  be  the  drafting- room.  Draftsmen  are  slaves 
anyway,  and  they  would  have  to  adopt  the  system  if  they  were 
told  to  do  so.  If  the  drawings  had  to  be  labeled  in  duodecimal 
units,  then  the  draftsmen  would  soon  lind  it  most  convenient  to 
compute  in  duodecimals;  but  I  can  easily  imagine  a  drafting- 
room  in  which  the  men  are  not  rec]U!red  to  do  tliat;  in  other 
words,  where  they  would  \m%  decimals  for  the  attainment  of 
these  duodecimals,  nntil  they  found  it  easier  to  do  the  opposite* 
For  instance,  they  would  say:  ^*  Seven  times  8  is  5f>,  and  h^  is 
4  do^sen  and  8;"  they  would  then  put  down  the  4  and  the  8. 
They  would  continue  to  do  that  until  they  got  titled  of  doing  it, 
finding  it  e^isier,  as  I  very  promptly  did,  to  think  in  dozens  and 
to  say:  '*  Seven  times  B  is  4  dozen  and  8/*  as  ine<.*hanically  as 
one  now  says,  *'  7  times  8  are  56.'* 

In  the  shop  the  transition  would  be  much  more  gradual.  The 
machinist  neoils  to  know^  very  little  about  any  change  in  units. 
He  uses  exactly  the  same  units,,  tlie  same  gauges,  he  uses  the 
same  dimensions  in  every  thing*  He  uses  this  lower  side  of  his 
rule  (pointing  to  the  lower  sc^le  of  Fig*  5^)  which  he  now  uses, 
just  as  long  as  he  finds  it  easier  than  to  use  the  upper  scale. 


I 


RATIONAL  SOLUTION  OF  PROBLEM  OF  WEIGHTS  AKD  MEASURES,    211 


When  tho  sliop-dra wings  coine  in  with  a  dimension  stated  in  the 
new  units,  he  picks  it  out  hy  reading  3,  6,  9,  eta,  on  the  new 
scale,  except  that  the  new  scale  is  simpler.  At  the  end  of  thi£ 
I>roces8  he  finds  that  he  has  arrived  at  one  of  his  ohl -fashioned, 
famih"ar  dimensions.  When  ho  finds  it  easier  to  work  to  3,  0,  9 
dinM^tly,  without  translation  into  the  old  scale,  he  will  do  it;  but 
lie  can  do  either.  Any  man  in  the  shop^  as  I  imagine  it,  can 
take  his  clioice  between  the  duodecimal  way  of  handling  the  old 
measures^  or  the  old  way  of  handling  the  old  measures,  which- 
ever way  is  the  easier,  I  do  not  anticij>ate  the  new  unit  becom- 
ing in  any  way  a  fixed  standard.  Men  would  probably  slowly 
acquire  the  habit  of  thinking  in  quarter  inches  inste^id  of  think- 
ing in  inches,  but  in  the  mean  time  the  length  would  be  the  same 
and  the  tool  would  be  the  same.  The  3-inch  length  I  do  not 
anticipate  becoming  active  in  shop-nioasnrements,  except  in  one 
way:  Tapers  are  always  stated  as  so  much  to  the  foot.  In  the 
ri(^w  combined  scale  those  ratios  may  appear  and  be  used  either 
as  inches  U)  the  foot,  as  in  the  old-fashioned  scale,  or  as  trinches 
to  the  yard  J  or  bb  quarter  inches  to  the  trinch.  The  taper  may 
be  marked  oflf  and  set  in  sixteenths  or  in  these  new  marks,  or  in 
any  other  way.  The  lengths  are  the  same,  the  proportions  are 
the  same. 

The  transition  to  b(?tter  inothads  by  any  dujilication  of  systems 
will  undoubt-edly  bring  in  confusion  and  error;  but  duplication 
is  absolutely  tin  avoids  hie  if  any  progress  is  to  be  made.  It  seems 
to  me  that  the  confusion  and  error  in  the  method  proposed  would 
be  exceedingly  small.  In  other  n^oitlsj  the  price  paid  would  be 
exoeediogly  small,  as  conqiated  with  any  other  possible  outlook 
away  from  the  present  system, 

Mf\  IJnh^f/,—!  asked  the  question  in  the  sense  of  numerical 
calculations  and  recfirds  rather  than  in  tise  sense  of  measure- 
ments. Imagine  a  bookkeei^r  to  have  made  the  change  in  his 
books.  How  much  confusion  %vould  result  from  his  references 
to  the  old  books  in  the  old  system,  from  his  constant  receipt  of 
bills,  price  lists,  etc,,  from  those  who  had  not  made  the  change, 
and  from  the  necessity  of  his  making  out  bills  in  the  old  system 
for  those  who  could  not  rc^d  them  if  made  out  in  the  new.  It 
fieems  to  me  that  for  a  long  period  of  time  we  must  all  have  an 
eciual  facility  in  the  use  of  both  systems,  and  that,  unless  this  is 
possible,  the  change  is  impossible, 

Mr,  Jimm, — In  the  dollars  it  would  make  no  difference  what- 
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ever.     In  the  cents  it  would.     He  would  Imve  to  traiiBlute  the 
cents, 

J/r.  HaUey. — Do  you  rely  upon  the  double  decimal  point  to 

distinguish  in  which  system  a  sum  of  money  is  expressed  ? 

Prqfemor  Reeee.-^l^ot  in  monetary  transactions;  I  would  not, 
A  man  could  then  easily  raise  hia  check  by  simply  putting  on  a 
double  decimal  point.  But  it  is  easy  to  substitute  a  mark  in 
monetary  transactions  which  could  not  so  easily  be  changed. 
But  where  the  two  duodecimal  points  were  relied  upon  I  see  no 
probability  of  greater  error  therefrom  than  now  occurs  from 
reliance  upon  a  single  decimal  point. 

As  for  other  computations,  the  man  in  the  drafting-room 
chooses  either  side  of  the  chart  (Fig,  54)*  He  can  compute,  in  the 
old  measures  and  simply  translate  his  final  result  into  the  new 
one,  which  is  a  compromise  process;  or  he  can  accept  the  new 
system  and  calculate  hy  tiio  jnetliod  showni  on  the  right-hand 
side  of  the  sheet.  Of  course,  while  he  is  taldng  his  choice  and 
using  both  systems  at  once,  thera  will  be  a  number  of  mistakes, 
I  might  say,  however,  tliat  in  preparing  that  chart,  which  was 
prepared  rather  linrrietlly,  the  tii*st  computation  develo]>cd  three 
mistakes;  but  they  were  all  on  the  old  system,  on  the  left-hand 
side  of  the  line.  While  caiTving  out  the  duodecimal  multiplica- 
tion at  the  same  time  that  I  was  handling  the  decimal  numbers^ 
as  you  see,  there  was  no  mistake  in  the  duoilecimal  multiplica- 
tion. Within  the  iirst  week  that  \^ou  try  half  a  dozen  times, 
half  an  hour  at  a  time,  to  nmltipl}^  and  divide  duodecimals,  you 
will  realiiie  that  it  is  very  much  easier  to  think  in  dozens  than 
in  tens.  It  is  easier  and  more  accurate.  You  will  have  to  take 
my  word  for  that, 

Mr.  Me  (JUL — I  would  like  to  ask  Professor  Eeeve  how  he  would 
change  that  scide  (Fig,  53)  into  thousandths?  There  are  lots  of 
us  who  do  not  use  C>4ths,  not  once  in  a  week,  as  a  rule, 

Profesmr  lieevf. — The  thousandth  seems  to  be  a  unit  by  itselL 
Whenever  tlie  machinist  works  to  a  thousandth  he  does  not  stop 
at  a  thousandth.  It  is  not  accurate  enough  for  that  kind  of 
work,  and  when  he  needs  a  fraction  of  a  thousandth  that  frac- 
tion is  not  a  ten-thousandth.  He  does  not  work  to  so  many 
thousandths  and  then  three  ten- thousandths  over,  for  instance. 
He  works  to  so  many  thousandths,  half- thousandths,  or  quarter- 
thousandths.  The  words*  "a  thousandth"  is  a  unit.  So  long 
as  tliat  unit  is  used  I  do  not  think  that  there  woulil  be  any  par- 
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ticular  benefit  in  trying  to  translate  it  into  the  new  system.  If 
the  dmwings  were  stated  in  that  ivay  and  the  gauges  were  made 
in  that  wajj  they  would  be  used  in  that  way.  In  screw-threads 
there  would  be  no  change  whatever.  They  are  stated  so  many 
per  inch.  The  inch  we  can  handle  as  wl41  in  this  new  system  as 
we  do  now.  The  new  substitute  for  the  thousandth  ot"  an  inch, 
as  new  drawings  come  in,  woukl  be  found  in  the  second  duodeci- 
inaJ  place,  considering  the  quarter-inch  as  tlie  standartl  unit. 
The  second  duodecimal  place  beyond  the  quarter-inch  is  ^tt 
of  a  quarter-inch,  or  ^\^  of  an  inch,  or  one-ninth  of  a  sixty- 
fourth  (see  Fig.  53)-  Now  the  5T6th  of  an  inch  is  accurate 
enough  for  nearly  all  fine  work — not  so  fine  as  to  need  fractions 
of  a  thousandth — and  you  get  that  degree  of  accuracy  with  no 
more  figures  than  are  neeiled  to  express  either  thirty-seconds  or 
sixteenths*  But  if  greater  accuracy  l>e  needed^  the  use  of  another, 
or  thiM,  duodecimal  place  permits  the  expression  of  dimensions 
as  fine  as  one-twoLftli  of  the  570th  just  mentioned,  or  about  seven 
times  as  fine  as  the  thousandth  of  an  incli ;  and  I  tliink  it  will  be 
admitted  that  very  little  machine-shoi>  work  goes  any  finer  than 
that.  Moreover  J  to  remind  one  of  how  frequently  the  advan- 
tages of  duodecimal  notation  crop  out,  if  a  man  had  Ijeen  work- 
ing to  the  second  duodecimal  phice  from  the  quarter-inch,  either 
in  sJiop  or  draf  ting-roonij  and  finds  that  he  needs  greater  fine- 
nesSj  he  is  not  compelled  to  either  hmit  hijnself  to  halves  or 
fifths,  as  he  is  in  using  thousandths,  or  else  add  a  vulgar  fmction 
OB  the  end  of  a  long  decimal  fraction ;  instead,  the  third  dumleci- 
mal  place  permits  him  to  work  to  halves,  thirds,  quarters  or 
sixths  of  his  last  smallest  unit  without  incurring  vulgar  fractions. 
So  that  in  a  shop  where  thousantiths  ^vere  used  the  new  system 
would  offer  a  more  convenient  parallel  which  \v*ould  soon  drive 
the  other  out.  But  in  so  far  ami  so  long  as  tiiousandths  were 
used  I  should  not  contemi^late  any  attempt  at  handling  them  on 
the  new  system*     They  simply  would  gradually  die  out  of  use, 

Mr.  Colles'  ^  suggested  idea  that  the  coincidences  with  ex- 
isting units  of  weight  and  volume  which  developed  from  the 
foundation  of  a  duo^leGiraal  system  upon  the  existing  imits  of 
length  was  something  more  than  a  coinciilence,  had  already  im- 
prised  itself  upon  the  author  during  his  investigation  of  the 
question,  and  had  l>een  orally  discussed  with  some  of  his  friends. 


^Author's  closure,  under  the  Hules. 
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But  the  argmnent  to  be  drawn  therefrom  did  not  seem  to  be 
sufficiently  defintKl  or  cogent  to  warrant  its  inclusion  in  the 
pajMM'-  Tt  is  nevertlielesj^  of  great  interest,  and  Mr.  CoUes^  able 
prasentation  of  it  from  the  historical  stitnd]>oint  is  valuable. 

As  to  the  anthor*s  suggestions  regaMing  a  new  bushel,  or  !^im- 
jlar  new  ni(Mlti cations  of  old  unit^,  as  of  the  new  names  suggested 
for  the  numerals,  they  were  included  merely  as  illustrntionSj  to 
render  the  ]>rc>i>t>sition  concrete.  In  approaching  this  entire  sub- 
ject one  can  nut  avoid  being  impressed  with  the  utter  futility  of 
attempting  to  aocomplii^h  any  i^al  progress  by  proving  by  argu- 
ment that  any  particular  system  is  so  good  that  every  one  ought 
to  adopt  it.  The  only  prt>positic)n  which  can  attain  universal 
adoption  is  one  so  simple  and  concrete,  carrying  such  patent 
advantages,  that  each  individual  who  meets  it  may  adopt  it  with 
profit,  without  waiting  for  others  to  realize  its  ad\'antages.  Such 
a  pro]K>sifcion  is  that  for  dividing  the  5-inch  scale  duodecimally 
and  using  corresponding  duodecimal  arithmetic  in  the  drafting- 
rcKom — or  such  a  ptT>iK>sition  it  ^vould  be  were  the  necessary  acces* 
sories  in  shape  to  lie  laid  before  the  Society  or  the  public.  They 
could  bepnxluced  at  much  less  cost  of  effort  and  money  than  has 
already  teen  expended  upon  many  similar  projects  which  failed. 
liut  until  tliey  arc  jirmluced  the  topic  must  remain  in  the  fonu 
of  a  suggestion  only-  But  in  such  a  suggestion  it  is  not  only 
proffer,  it  is  necessaTT,  ti»  p<>int  out  that  the  adoption  of  the  first 
few  steps,  for  the  sake  of  their  ira mediate  convenieucej  would 
not  land  the  pirmeer  at  a  dead-end,  out  of  touch  with  other  sys- 
tems and  unable  to  keep  near  his  fellows  without  retracing  his 
steps  J  but  would  o|jen  before  him  additional  opportunities  for 
c-onvenient  modification  of  existing  units  into  consonance  ^ith 
^vhat  he  had  already  done,  when  he  felt  that  tliey,  too,  offered 
advantages  Ht  to  warrant  the  change. 

Thus,  as  to  the  new  ton,  if  it  be  supposed  that  duodecimal 
notation  has  been  adopted  within  a  certain  community  (which 
might  consist  of  a  single  shop  or  circle  of  shops,  such  as  this 
country  now  has  several  of),  the  alternativre  lies  before  it  of  either 
calling  the  present  short  ton  1,1^8..  (=  2,000)  lbs.,  and  the  pres- 
ent long  ton  l,8iJH.,  (—  ^,!^4>M  lbs.,  or  of  making  use  of  the 
duodecimal  1,00CL.  lbs.  as  a  new  unit.  8o  long  as  outsiders  using 
the  old  system  are  in  the  majority,  it  will  }my  to  do  the  firsts 
translating  from  decimal  to  duodeoinial  nimihei*s  by  the  transla- 
tion-tfibles  which  must  be  relied  upon  so  long  as  both  systems 
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are  in  use.  Finally,  however,  it  must  prove  to  be  more  conven- 
ient to  use  the  1,000.. -lb  unit,  and  for  it  then  Avill  be  found  a 
name.  Whether  this  unit  be  smaller  or  larger  than  Avhat  would 
seem  to  be  an  ideal  size  for  a  ton  Avill  have  nothing  to  do  Avith 
the  final  result. 

As  to  the  author's  suggestion  as  to  what  abbreviations  of  the 
duodecimal,  or  ^'dozenal,"  numbers  might  be  the  result  of  long 
use,  he  would  say  that  he  has  already  found  reason  to  regret 
having  made  it.  The  non -technical,  and  to  a  certain  extent  the 
technical,  press  has  seized  upon  these  strange  names  as  constitut- 
ing the  core  of  the  idea.  The  author,  in  Avhat  use  he  has  made 
of  daodecimal  numbers,  has  never  found  reason  to  depart  from 
the  simple  names  of  "four  dozen  and  eight,''  etc.  They  carry 
an  already  familiar  idea  in  an  only  slightly  strange  manner,  and 
are  very  readily  adopted  and  understood. 
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VENTIUFUOAL  MAfJUINES  AND    THEIR    USES. 

(Member  of  th«  Sot  let  y.) 

1,  The  author  does  Bot  wish  to  consider  the  theoretical  port  of 
these  machines^  but  to  describe  the  main  construction  and  the  de- 
tails as  used  at  the  present  time.  The  familiar  principle  of  cen- 
trifugal force  of  rotating  masses  is  used  for  the  puipose  of  sepa- 
rating juiceSj  hquidsj  etc.,  from  solids,  and  also  to  separate  liquids 
of  different  specific  gravities  from  each  other^  or  to  clarify  dull 
liquids  by  separating  from  thera  the  contained  inert  matter. 
When  such  mixtures  are  placed  in  a  drum  or  kettle,  and  rotated 
rapidly^  every  particle  will,  of  course,  tend  to  moTe  outward  with 
a  force  expressed  hy  the  w^ell-known  forujula  C=  v?W7\  which 
indicates  that  the  force  is  proportional  to  the  squares  of  the  angti- 
lar  velocity  and  the  distance  from  the  axis  of  rotation,  and  also 
to  the  w^eight  of  the  respective  substances.  Consequently  fluids 
will  escape  from  the  drum  if  there  is  opportunity  and  solids  wiR 
remain. 

2,  The  case  of  removing  moisture  from  fabrics  is  very  simple, 
as  the  nmterial  may  be  %vound  about  an  axis  and  fastened  by  a 
cord,  so  that  while  the  moisture  will  fly  off  from  the  swift  rota- 
tion, the  Tveb  w^ill  be  held.  For  the  separation  of  uncompacted 
masses,  such  as  rough  sugar  or  chemical  crystals,  a  drum-shaped 
vessel  open  at  the  top^  and  manufactured  of  the  best  steel,  brass, 
or  bronze,  with  holes  in  the  cylindrical  walls,  is  usually  u?ed,  the 
axis  of  the  drum  being  set  vertical  ^Vhen  rotated  the  liquid  will 
pass  through  the  holes  and  flow  down  on  the  inner  surface  of  an 
outside  containing  shell,  w^hence  it  may  be  collected*  For  filter- 
ing impure  liquids,  the  basket  is  lined  with  some  porous  material, 
which  will  allow  the  liquid  to  pass  through  but  hold  bock  the  solid 


*  Pregentcd   at  the  New  York  meeting  (De<?einber,  1903)  of  ilie   Atnertcan 
SocJetj  of  Mocliaaical  Engineers,  and  fonniag  pwt  al  Volume  XKIV*  of  lh« 
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particles,  but  this  method  of  filtering  h  little  used^  as  the  porous 
material  soon  clogs  and  has  to  be  renewed. 

3*  Dri\dng  is  usually  accomplished  by  a  belt  or  direct-coupled 
motor,  and  may  be  arranged  either  above  or  below  the  basket- 


U 


In^l 


Fig*  56. 


In  those  where  the  driving  incchauism  is  above  the  basket,  there 
is  always  a  possibility  that  oil  may  drop  in  and  contaminate  the 
material^  bnt  it  h  usually  a  more  convenient  form  to  nrranj^e,  A 
fitrong  brake  should  always  be  provided  for  stopping  qniekly,  and 
the  basket  should  be  strongly  mounted  and  carefully  balanced  so 
that  the  centre  of  gra^^ty  may  always  be  in  tlie  axis  of  rotation. 
If  this  is  not  the  case  the  vibration  would  t^oon  dpstroy  the  whole 
machine  J  and  the  same  result  may  be  produced  if  materials  are 
cent rifuga ted,  which  will  not  form  a  homogcTieons  hiyer  of  even 
thickness  on  the  inside  of  the  basket*     The  speed  of  the  machine 
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gencrallT  depends  on  the  size  of  the  basket  and  on  the  material 
To  be  s('pa rated,  A  light  hn^kf^t  can  he  riU)  at  a  hi^a:her  ispeed  than 
a  heary  oiip,  and  in  general  a  basket.  24  inches  in  diameter,  carry* 
ing  a  load  of  170  pounds^  can  run  safely  at  1^500  reTolutions  per 
minnte,  while  one  00  ineliegi  in  diami^terj  and  with  a  load  of  1,000 
pounds*  can  only  make  GOO  revolutions* 

4,  The  tj'pieal  eonstniction  for  American  and  English  ma- 
chines is  of  the  Weston  system,  ov^er  and  undrr-d riven  types  being 
shown  in  Figs,  55  and  56,     In  both  forms  the  principle  of  the  re- 
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volvini^  pendnhiTO  h  nsed,  the  basket  being  allowed  to  oscillate 
within  certain  limits^  thus  balancing  itself  and  reducing  the  power 
required  to  drive  the  machine  to  a  niininium  amount.  In  the 
Etiroiteaii  tuiicliiiii^s  of  Fig,  57  the  axii^  is  supported  by  a  spherical 
hearing,  m  that  the  entire  machine  can  aeconmindate  itself  like  a 
spinning  top,  bnt  Is  held  from  too  violent  motion  by  a  collar  hear- 
ing proviih^d  witb  a  rubber  buffer  and  tension  rod, 

5.  The  con^^t  ruction  of  the  uunst  important  part  of  a  self -bal- 
ancing centrifugal  machine,  the  Weston  spindle,  is  shown  in  Fig. 
55^  li  h  a  strong  liracket  or  block,  bolted  to  the  overhead  beam; 
C  is  a  spherical  hearing  resting  upon  the  bbx^k  B^  an<l  in  turn 
supporting  the  steel  spindle  S ;  on  tlie  upper  eml  of  the  spindle  is 
rubber  buffer^  (7,,  held  in  place  lightly  by  a  mit  on  the  upper 
ad;  at  the  bottom  i^  a  special  form  of  step-bearingj  7J,  which 
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carries  the  outside  revolving  spindle,  The  pulley  P  is  fixed  upon 
the  outer  spindle,  and  the  lower  part  forms  the  brake  bloi^k,  while 
at  the  bottom  of  the  outer  spindle  is  a  ilange  which  carries  the 
basket.  The  hollow  portion  of  the  outer  spindle  serves  as  an  oil 
chiimber,  so  that  the  bearing  It  runs  in  a  bath  of  oil^  which  is 
drawn  out  when  necessary  by  means  of  a  plug  at  the  bottom. 

Fig,  50  illustrates  the  Weston  spindle  for  an  under-driven  ma- 
chine^  and  at  the  same  time  .shows  the  arrangement  when  water 
power  is  used,  as  the  driving  is  done  by  a  Pelton  wheel,  gt-  The 
india-rubber  buffers  are  used  to  allow  the  spindle  to  swing  slightly, 
and  thus  eonfonn  its  centre  of  gravity  to  its  centre  of  rotation. 
These  spindles  require  periodical  adjustment  and  tightening> 
w^hich  has  often  been  a  laborious  task^  involving  the  dismantling 
of  the  machine  in  order  to  get  at  the  nut  which  compresses  the 
buffer  on  the  top.  With  the  new  type  of  machine  the  nut  is  placed 
below  the  buffer  at  g^  and  h  turned  by  a  email  pinion,  i,  which 
gear^  with  a  flange  on  the  nut. 

6.  The  arrangement  of  the  Pelton  wheel  for  the  latest  over- 
driven type  of  machine  h  shown  in  Fig,  58^  which,  however,  has 
recently  been  altered  by  placing  the  nozzles  to  180  degrees  from 
each  other  in  order  to  balance  the  thrust  of  the  jets.  The  method 
of  driving  which  is  most  suitable  depends  upon  the  class  of  work 
for  w^hich  the  machine  is  to  be  used.  For  the  manufacture  of 
fine  sugars  and  similar  uses  the  basket  may  be  fully  charged  at 
full  speed,  and  will  give  a  nnifiu^ni  fitness  of  material  iill  around 
the  basket;  but  if  coarse  or  low-grade  uiaterials  are  to  be  handled, 
the  speed  must  be  gradually  attained,  three  or  four  minutes  being 
taken  in  reaching  maximnm  velocity,  because  either  the  charge 
will  not  distribnte  itself  evenly,  ar  with  low  sugars,  which  are 
heavier  than  the  molasses  or  liquors  which  it  is  desired  to  remove, 
the  solid  part  of  the  clinrge  will  pack  against  the  outside  of  the 
basket,  and  the  liquids  will  have  great  <lifRculty  in  passing  through. 
By  coming  to  speed  gradually  the  liquors  will  begin  at  once  to 
leave  the  basket,  and  will  thus  keep  the  ^vall  porous.  For  the 
former  class  of  work,  tin  before,  lielt  driving  from  a  main  shaft 
will  answer  admirably,  lint  for  the  latter  some  form  of  individual 
motor,  such  as  the  water  wheel  at  Fig*  Tvfi,  the  direct-coupled  en- 
gine of  Fig.  5,  or  the  belted  engine  of  Fig.  GO  should  be  used. 

7.  European  machines  are  largely  of  the  nnder-driven  type,  and 
the  best  were  those  of  Albert  Fesca  or  Fesca-s  principles,  such  as 
shown  in  Fig.  57.    It  is  plain  that  a  properly  constructed  centrifu- 
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an  unbalanced  centrifugal  foi^e,  causing  vibration  which  incrcasttg 
with  increase  of  speedy  and  niaj  become  so  violent  as  to  wreck  the 
whole  machine.  For  this  reason  the  greatest  care  should  be  used 
in  the  handling  of  such  machinery,  as,  even  when  made  of  the 
best  irirtteriid^  it  is  liable  to  explode^  and  in  any  case  the  power 
reqiiiivd  to  drive  it  wQl  be  oiueh  increased  ♦     This  driving  power 
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When  at  full  speed  is  not  great  for  a  well  balanced  machine,  but 
is  very  considerable  during  the  period  of  starting  and  during  the 
period  when  a  load  is  being  run  in;  great  care  should  be  taken, 
thereforCj  never  to  overload  a  iiiachinej  and  tlic  basket  when 
made  of  et^el  plate  should  liave  the  edges  welded  tiiroughout  their 
length,  never  riveted.  As  a  safeguard  every  nmchine  is  pro- 
vided with  a  strong  steel  outer  shelb  but  this  is  not  a  guarantee 
of  imiuumty  froin  danger  in  case  of  explosionSi  as  the  writer  has 
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seen  such  a  shell  straightened  out  like  paper  and  the  rivets  sheared 
as  ivith  a  knife.  Too  sudden  application  of  the  brake,  as  well  as 
too  sudden  startingj  may  be  the  cause  of  an  explosion* 

8.  Since  an  unequal  load  of  as  little  as  a  pound  of  material  is 
suflSeient  in  a  swift-running  machine  to  cause  vibration,  it  is  im- 
portant to  avoid  even  slight  amounts  of  unbalancing^  and  to  do 


j"i«* 


Fig,  62. 


this  Albert  Pesca  devised  the  ingenious  regulator,  shown  in  Fig. 
(il  in  detail,  and  in  use  on  the  muchine  in  Fig*  G3*  The  balance 
rings  run  between  washers  a,  and  are  free  to  swing  in  any  posi- 
tion. Because  of  the  friction  bct%reen  washers  and  rings^  the 
rings  will  rotate  ^vith  the  shaft,  but  thej  will  always  shift  to  keep 
the  centre  of  granty  of  the  system  in  the  axis  of  rotation.  When 
the  basket  is  exactly  balanced  the  rings  will  stand  at  120  degrees 
with  each  r>ther*  as  shown  iu  Fig.  (51,  but  if  unbalancing  occurs^ 
the  rings  will  swing  towards  the  light  side,  the  limit  of  effect  being 
reached  when  all  three  are  on  the  same  side  of  the  shaft. 

Another  device  to  accomplish  the  same  purpose  is  sho^vn  in  Fig, 
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63,  which  is  a  Hepworth  machine  of  American  manufacture.  Here 
the  lower  bearing  is  so  braced  to  the  outer  casing  that  the  relative 
position  of  the  two  is  fixed,  but  the  casing  is  hung  so  that  it  may 
swing  with  the  rotating  part.  As  a  matter  of  fact,  however, 
practically  no  motion  results,  as  the  inertia  of  the  casing  is  suffi- 
cient to  take  up  any  unbalancing.  In  this  way  very  little  strain 
is  brought  on  the  step-bearing,  and  the  objection  sometimes  made 
that  it  consumes  considerable  power  is  not  well  founded. 

9.  The  real  disadvantage  of  this  type  of  machine  is  that  the 
bearings  are  inaccessible,  but  this  has  been  overcome  in  later 
forms  as  shown  in  Fig.  63.  The  centre  of  the  ball-shaped  en- 
largement of  the  upper  bearing,  531,  is  the  fixed  point  about 
which  the  entire  machine  swings;  the  socket,  533,  is  bolted  to  the 
top  of  a  beam  shown  in  dotted  lines,  and  the  bearing  extends 
through  the  beam  and  into  the  socket.  The  lower  part  of  the 
socket  forms  the  head,  534,  which  supports  by  means  of  iron  rods, 
540,  the  lower  part  of  the  machine.  ■  The  pressure  on  the  ball-and- 
socket  joint  is  regulated  by  the  springs,  532.  By  study  of  the 
figure  it  will  be  seen  that  all  parts  of  both  the  upper  and  lower 
bearings  can  be  quickly  removed  by  the  loosening  of  a  few  nuts 
without  taking  apart  the  basket  or  the  main  shell.  Both  bear- 
ings are  self-aligning,  the  upper  one  by  virtue  of  the  ball-shaped 
enlargement  and  the  sockets,  and  the  lower  one  through  being 
hung  by  link  connections  on  three  rods,  558.  The  brake,  which 
is  shown  in  detail  at  one  side,  is  self-releasing,  as  in  most  other 
types  of  centrifugal  machines,  and  self-adjusting.  It  consists  of 
a  band  of  steel,  542,  w^ith  leather  lining,  and  tightened  by  a  bell- 
crank  lever,  546.  The  discharge  valve,  557,  is  a  steel  circle, 
which  is  lifted  and  placed  on  a  hanger,  539,  w^hen  the  basket  is 
to  be  emptied. 

10.  The  difficulty  Avith  an  under-driven  centrifugal  machine 
is  to  secure  a  suitable  form  of  step-bearing,  especially  if  the  ma- 
chine is  made  for  heavy  loads  or  high  speeds,  as  in  the  manufac- 
ture of  cube  or  loaf  sugar.  For  this  class  of  work  the  load  runs 
as  high  as  4,000  to  6,000  pounds,  and  with  the  heavy  basket  and 
the  heavy  motor,  since  the  motive  power  is  usually  a  water  wheel 
or  electric  motor,  the  friction  becomes  very  great.  For  such  pur- 
poses the  oil  pressure  step-bearing  designed  by  Fesca  is  an  im- 
portant improvement.  It  is  phown  in  detail  in  Fig.  64,  and  ap- 
plied to  a  macine  in  Fig.  65,  which  is  the  motor-driven  type. 
7'he  construction  known  as  Adaut's  system  is  a  combination  of  the 
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rigid  bearing  with  the  buffer,  unitmg  the  adFaaitages  of  both 
systems*  In  this  step-beariugj  the  pivot  Z  of  thi*  vertical  axis, 
sUgbtly  conical,  tits  the  bearing  L  exactly,  when  the  pia  s  rests 
on  the  plate  P;  when  oil  at  suffieient  preesiire  is  forced  through 
the  pipe  y  the  pivot  Z  la  raised,  the  pressure  needed  being  given  by 
the  equation: 

-j'F  =  ^. 

where  d  h  the  diameter  of  the  pivotj  G  the  weight  of  the  basket 
and  attachiueots,  and  p  the  press^ure.     The  height  by  whieh  the 
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piTOt  is  lifted  can  he  determiued  by  the  angle  of  inclination  of 
the  conical  pivot  and  the  quantity  of  oil  which  is  fed  in  continu- 
ously by  the  pipe  y.  Let  h  be  the  height  through  which  the  pivot 
is  to  be  lifted,  and  a  the  angle  of  inclination  of  the  pivot  surface 
to  the  axiSj  then  d^^  diameter  at  the  height  k^  will  be  given  by  the 
equation: 

di  =  d  i-  ^A  tan  a', 

and  the  cross-Eection  at  thif^  point  for  the  passage  of  oil  will  be 
A  =  f^*l^  ^  fr  (dh  tan  a  +  A»  tan^  a). 
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sistance  w  is  equal  to  the  pressure  p  of  the  basket  on  the  liquid, 
p  =  —j^  hence  we  may  write, 

4£_       Kqt 


A-_2 a/I 

2  ^^  tan  cr  y    G* 

from  which  it  will  be  perceived  that  the  lifting  of  the  basket  is 
proportional  to  the  quantity  of  oil  flowing,  Q^  inversely  to  the  tan- 


g**Tit  of  inrliuatioTi  and  inv(^rsely  a;^  the  square  root  of  the  wc^i^ht 
of  the  basket.  HDnce  by  changing  the  angle  of  the  pi%'ot  or  by 
regulation  of  the  amount  of  oil  pmnped  through  the  bearing,  the 
amount  of  lift  can  be  regulated  between  5  and  10  millimetres 
above  the  step.  As  the  pivot  is  running  in  a  bath  of  oil  the  fric- 
tion will  be  very  slight^  and  for  circulating  the  oil  to  keep  up  this 
bath  a  small  belt-dri%^en  pump  is  used  with  a  by-pass  between  Suc- 
tion and  discharge  through  a  safety  valve. 
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12.  In  all  tlie  constructioas  eonsidered  every  precaution  is 
taken  to  secure  sinootli  motion^  but  it  may  happen  that  material 
handled  has  a  tendeney  to  shifting  ^^hicli  can  only  be  overcome  by 
the  following  improvement:  Tliia  occurs  mostly  with  low  sugars 
and  eitrie  and  tartaric  acids  in  tbe  lower  conditions,  when  the  small 
crystals  contained  In  liquor  will,  by  the  rapid  formation  of  thin 
Bcale  on  the  inner  surface  of  the  basket,  stop  the  free  drainage. 
This  action  may  take  place  iineqnalljj  resulting  in  a  considerable 
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vibration,  an<l  to  open  uji  the  outlets  a  steatuing-out  pipe,  so  called, 
is  use<],  as  in  Fig.  6C>  Of  course  Rome  of  the  material  will  bo 
di.^s^jlved  by  the  steam  jot,  but  this  is  of  less  importance  than  the 
ciimplete  drying  of  the  materiaL 

13,  As  already  mentioned,  the  baskets  are  luade  according  to 
materials  to  be  separated,  of  steel,  bronze,  alnminiimi,  silver, 
china,  etc,  Thr»se  for  use  with  acids  are  umially  lined  with  leadj 
though  sometimes  hard  robber  or  enamel  has  been  uped.  Fig. 
67  fthoM's  a  niaehiue  for  iw'nh  in  wliicli  the  basket,  a^  is  made  of 
burned  clay,  fitting  exactly  inside  the  steel  ba^ketj  r,  thus  pre- 


CKKTRIFUGAL    MAO!TIKKB    AND    ITIEItt    rSE8.  ^31 

renting  bursting.  LiqnoF  passes  out  of  tlie  lining  through  the 
liolt'5  d  and  the  vertiral  canals  r,  so  fhat  when  tin-  maehine  ia  at 
.rest  no  liquor  con  e^enpe^  hut  when  if  is  iu  mt^tiiuij  the  contrif- 
foTCG  propels  the  liquor  through  the  holes  d  and  canals  i\  and 
over  the  riiu  into  the  chamber  fi,  wheuce  it  passes  through  the 
opening  /;  the  tray  e  is  eatit  in  an  iron  vessel  ami  covered  on  top 
with  a  cslay  cover^  the  joint  being  packed  with  rnblier;  the  acid 
fuines  are  carried  oif  through  the  pipes  g.     It  often  happens  in 
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chemical  works  that  materials  mixed  with  explosives  are  to  be 
separated;  in  such  cases  the  greatest  caution  must  be  used,  and 
the  machine  must  be  closed  air-tiglit,  as  seen  in  Fig,  68,  The 
writer  was  asked  some  time  ago  if  it  would  be  possible  to  centrif- 
iigate  some  ground  material  which  was  soaked  in  benzine.  He 
ad\-i8ed  not  to  do  it^  but  it  was,  nevertheless,  tried,  and  the  en- 
tire machine  broke  out  in  flames  because  of  the  great  friction  of 
the  ga^es  evolved  bj  the  benziuo  as  they  came  in  contact  vnih 
the  air* 

14.  In  the  class  of  niachinerf  kno^^ii  as  milk-separators^   a 
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rapid  revalution  catiaes  separation  of  the  cream  and  milk  on  ac- 
count of  their  different  specific  weight.  The  heavier  milkj  parts 
flying  to  the  outside  of  the  basket,  while  the  cream  wip  remain 
on  the  inner  surface  of  the  milk,  both  these  layers  may  then  be 
taken  off  by  proper  suction  nozzles,  thus  giving  a  continuous 
operatioUp 

In  the  separator  shown  in  Fig*  69  milk  passes  from  the  vessel 
r  through  the  pipe  F,  to  the  bottom  of  the  drum  and  inside  of  the 
ring  Pf  whence  it  rises  between  this  ring  and  the  bottom  of  the 
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drum,  and  is  set  in  revolution  by  the  wings  inside  the  basket. 
The  crc^am  is  drawn  off  through  the  pipe  B  by  means  of  the  nozzle 
B^^  which  has  a  very  fine  edge  and  literally  peels  the  cream  from 
the  milk,  which  passes  away  through  the  nozzle  /li  and  the  pipe 
A.  By  changing  the  position  of  the  mouth-pieces  J^i  and  i?i  any 
grade  of  cream  desired  can  be  secured* 

15.  Figs,  70  and  71  sIimw  a  fi>rm  of  separator  of  American 
manufacture  J  which  is  of  different  construction  from  the  one 
just  described.  It  not  only  separates  cream  from  the  milk,  but 
may  be  used  to  purify  either  one.  It  is  a  recognized  fact  that 
souring  of  milk  and  its  products  is  caused  by  the  presence  of 
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insects  and  down  from  birds/'  Tlie  action  of  centrifugal  force 
removes  from  milk  tliis  foreign  matter^  wliicli  is  sucli  a  fertile 
source  of  bacteria,  and  any  one  who  has  examined  a  separator 
bowl  after  a  separation,  can  readily  believe  the  above  statement, 
Tbe  iminediate  separation  of  milk  as  it  comes  from  tlie  eows 
before  harm  has  resulted  is  a  very  necessary  factor  in  purifica- 
tion. 

10.  In  the  operation  of  this  separator  milk  is  fed  into  the  top 
of  the  cover^  whence  tubes  conduct  it  to  the  inner  cup  2^  in  which 
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are  wings  which  cause  the  milk  to  revolve  with  it;  thence  the 
ijiilkpjiiises  into  the  intennediuLe  cup  3,  and  from  there  to  the  main 
bowl  4,  so  thatj  before  the  milk  leaves  the  machine  at  the  bottom, 
it  has  passed  through  three  compartments^  each  of  which  is  a 
separator  in  itself,  and  to  this  h  due  the  remarkably  thorough 
aeparaHon  for  which  this  machine  is  noted.  The  internal  meeh- 
aniftui  is  shown  in  Fig.  71,  where  it  is  seen  that  the  spindle  is  in 
two  parts;  the  spiral  worm,  Tl,  which  is  the  lower  piece,  is  held 
in  position  by  a  bearing  at  each  end,  iu  order  to  insure  exact 
tneshing  wdth  the  w^orm  wheeb  77,  the  tip  end  of  this  spindle 
and  the  lower  end  of  the  upper  part  wliich  is  fast  to  the  bowl, 
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fonn  a  ball  and  socket  joint,  so  that  the  bowl  may  vibrate  and 
still  allow  the  worm  wheel  to  give  the  proper  speed  without  strain- 
ing and  friction.  Also  the  worm  can  be  replaced  at  any  time 
without  disturbance  of  the  basket. 

17.  Centrifugal  machines  are  at  present  somewhat  used  for 


Fig.  74. 


filtering  one  for  this  purpose  b(*ing  shown  in  Fig.  72  for  use  on 
cane  juice.  The  juice  is  introduced  at  the  bottom  of  the  drum, 
and  rises,  as  in  the  case  of  P'ig.  GO;the  heavier  scums  are  precipi- 
tated on  the  sides  of  the  revolving  drum  and,  rising  above  the 
diaphragm,  are  collected  through  the  upper  nozzle,  while  the 
clear  juice  is  drawn  off  from  the  inside  by  the  lower  nozzle.     The 
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filter  is  not,  however,  capable  of  as  universal  application  as  the 
ordinary  filter  press. 

18.  Passing  now  to  the  driving  mechanism,  it  has  been  seen 
that  in  many  machines  a  tight  and  loose  pulley  are  provided  oh 
the  counter  shaft  from  which  the  machine  is  driven  by  belting. 
A  friction  pulley  will  serve  the  same  purpose,  and  has  certain 
advantages,  in  that  a  greater  speed  ratio  can  be  easily  obtained, 
also  the  amount  of  force  which  can  be  transmitted  can  be  auto- 
matically regulated,  so  that  it  vnW  be  impossible  to  transmit  more 
than  the  desired  amount  of  power.  The  adaptation  of  a  fric- 
tion drive  to  a  Weston  spindle  machine  is  shown  in  Fig.  73.  Here 
P  h  the  pulley  proper  moving  loosely  on  the  shaft  S  ;  K  is  an 
arm  keyed  to  the  shaft,  and  carrying  two  levers  L  pivoted  at  C. 
To  these  levers  are  attached  the  friction  arms  A,  the  latter  being 
in  turn  connected  to  the  arm  K  at  the  ends  E  by  means  of  flex- 
ible springs  R.  On  the  end  of  arms  A  is  fastened  the  shoe  F 
faced  with  leather,  and  fitting  accurately  the  inside  of  the  rim  of 
pulley  P.  Under  the  action  of  centrifugal  force  the  arms  A  will 
tend  to  fly  outward,  engaging  the  shoe  F  with  the  pulley,  but  the 
engagement  may  be  prevented  by  means  of  the  sliding  sleeve  G. 
The  springs  R  prevent  the  sudden  action  of  the  clutch,  with  con- 
sequent strain  and  shock.  The  usual  bronze  bushing  and  oil 
chambers  are  provided  for  the  loose  bearing  of  the  pulley. 

19.  A  friction  pulley  of  a  different  form,  the  Hepworth  con- 
struction, is  shown  in  Fig.  74.  The  pulley  is  loose  on  the  shaft, 
and  engages  with  the  drum  348,  keyed  to  the  shaft  by  means  of  a 
leather-lined  steel  band,  360,  encircling  the  drum.  One  end  of  the 
band  is  attached  to  the  pulley  by  mans  of  a  bolt  passing  through 
the  stud  356,  and  the  other  attached  to  a  bell-crank  lever,  353  and 
354,  operated  by  the  sliding  cone,  351.  By  means  of  the  bolt  the 
band  is  so  adjusted  that  when  the  cone  is  pushed  towards  the  pul- 
ley the  band  is  tightened  on  the  drum  to  a  point  where  it  will  pull 
a  little  less  than  the  belt,  for  it  is  desirable  to  have  the  centrifugal 
start  up  quickly,  but  if  the  belt  slips  instead  of  the  band  it  will 
leave  the  pulley.  The  bronze  bushing  in  the  pulley  is  made  to 
slip  both  on  the  shaft  and  in  the  pulley ;  naturally  it  mil  turn  at 
the  smaller  diameter,  unless  the  shaft  bearing  becomes  dry,  when 
the  bushing  can  turn  in  the  pulley  rather  than  to  cut  the  shaft. 

30.  The  following  tables  are  based  on  the  experience  of  Wat- 
son, Laidlaw  &  Co.,  Glasgow: 
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Laidlaw'b  Patent  Self-balancing  Centrifugals. 
(Weston  Type.) 


Power 

Rbvolit- 

DiAMETBR   OF 

Baskkt. 

Required 

FOR    ONE 

Machine. 

TION8  OF 

Basket  per 
Minute. 

Capacity  < 

3F  Basket. 

Safe  Working 
Load. 

Incheo. 

Mm. 

I.  H.  P. 

Cubic  Feet. 

Cn.  Metres. 

Pounds. 

Kilogr. 

24 

610 

8.00 

1500 

2.38 

0.0673 

170 

77 

80 

762 

8.75 

1200 

4.2 

0.1189 

800 

186 

86 

914 

5.00 

1000 

5.65 

0.1596 

890 

177 

42 

1067 

6.00 

850 

8.66 

0.2452 

600 

273 

48 

1219 

7.50 

750 

10.88 

0.3066 

750 

840 

54 

1371 

8.50 

650 

18.25 

0.8751 

900 

409 

CO 

1528 

10.00 

600 

14.5 

0.4105 

1000 

455 

The  '*  capacity  "  of  the  basket  is  the  cubic  measarement  of  the  wall  of  masse- 
cuite  when  the  basket  is  full  to  the  lip. 

"Safe  working  load"  is  the  maximum  load  of  massequite  or  other  material 
which  the  standard  baskets  are  constructed  to  carry  at  full  speed. 

The  **  power,"  as  stated  above  and  on  the  next  table,  is  for  usual  working  con 
ditions.  When  the  machines  are  required  to  attain  full  speed  in  less  time  than 
usual,  the  amount  of  power  stated  in  the  table  should  be  increased  in  proportion. 


Weston's  Self-balancing  Centuifugalb. 
(Standard  Type.) 


power 

Revolutious 

Diameter  of  Banket. 

required  for 

of  banket 

Capacity 

of  Basket. 

Safe  working  load. 

one  machine. 

per  minute. 

IncheH. 

Millimetre. 

I.H.P. 

Cubic  feet. 

Cub.  metre. 

Pounds. 

KiloCT. 

« 

203 

4,000 

0.075 

0.0021 

5.75 

2.5 

12 

804 

6.50 

2,200 

0.25 

0.0070 

18.00 

8.0 

18 

457 

0.75 

1,800 

0.75 

0.0212 

53 

24.0 

24 

610 

1.75 

1,500 

1.80 

0.0509 

120 

54.5 

30 

762 

3.00 

1,200 

3.10 

0.0877 

228 

103  5 

86 

914 

8.75 

1,000 

4.20 

0.1189 

295 

134.0 

42 

1.067 

5.00 

850 

5.30 

0.1500 

376 

171.0 

48 

1,219 

6.00 

750 

6.60 

0.1868 

465 

207.0 

54 

1,871 

7.50 

700 

8.02 

0.2270 

500 

254.5 

60 

1,528 

8.50 

600 

9.50 

0.2689 

665 

302.0 

66 

1,676 

10.00 

550 

11.09 

0.3140 

776 

353.0 

72 

1,828 

11.00 

500 

12.57 

0.3559 

875 

400.0 

Baskets  which  may  be  run  at  higher  speed  and  carry  heavier  loads  are  of 
oonrse  built  stronger  in  proportion. 
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DISCUSSION. 

Mr,  August  Kruesi. — ^In  paragraph  11  is  given  the  calculation 
of  the  oil  pressure  required  on  the  bearing.  The  constant  JT'evi- 
(lently  relates  to  each  particular  machine.  I  would  like  to  ask 
Mr.  Viola  between  what  limits  it  varies  ? 

Itr.  Viola. — The  limits  are  very  small. 

M7\  Kru€»i. — About  what  would  the  average  value  be? 

Mr.  Viola. — The  highest  is  about  one. 

Mr.  William  Kent. — I  hope  the  author  will  make  that  correc- 
tion in  his  paper  about  what  the  value  of  A'' is,  as  aU  these  for- 
mulae are  of  no  value  unless  we  know  something  about  the  value 
of  the  constants. 

Mr.  Viol<i.* — You  can  put  the  values  in  yourself  from  Q  and  G. 

To  give  a  better  understanding  of  the  formula  about  which 

questions  were  asked,  I  would  suggest  the  following  example: 

For  instance,  the  ])ressure^  will  be  for  each  square  centimetre  of 

the  pivot  Z  when  its  diameter  is  60  millimetres,  and  the  basket 

weights 

4.2500 
2,500  Kgr.  2?  =  jTT'i — Up  =  ^8.5  Kgr.     If  the  pivot,  whose  in- 

clination  to  the  axis  is  1  degree,  should  be  lifted  through  5  inilli- 
metres,  then  there  will  be  an  opening  of  5.  tan  1  =  5  x  0.017 
=  0.085  millimetres,  for  which  there  is  a  ring  cross-section  of 
3.14  X  GO  X  0.085  =  16  square  millimetres,  or  the  pump  furnishes 
continuously  such  a  quantity  of  oil  as  would  be  pressed  by  a 
])ressure  of  88.5  atmospheres  through  a  ring  cross-secton  of  16 
square  millimetres. 

♦Author's  closure,  under  the  Rules. 
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A    FORTY- FOUR-FOOT  PIT  LATUE. 

»Y  JCIUK  m^   DA  UN  AY,  Cl?<  CI^iNATl ,   CI. 

(Junior  Member  of  Llio  BocLety,) 

1.  The  maehiJiG  here  describpil  was  tiesignetl  to  meet  tlie  de» 
mantis  of  a  manufacturing  est abli .aliment  of  the  heaviest  tj'pe  of 
electrical  machine ry*  The  ever-iiic reading  (]imens=ion.s  of  this  olaaa 
of  machinery  make  it  particular Iv  desirable  that  the  existing  heavy 
machine  tools  should  be  capable  of  extension  of  capacity  with  a 
view  to  probable  future  requirements^  and  that  a  pit  lathe  13 
peculiarly  adapted  to  such  extension  will,  doubtleBSj  he  readily 
admitted* 

The  face  plate  of  this  maehine  measures  30  feet  in  diameterj 
and  the  present  dimensions  of  tlie  pit  will  admit  of  swinging  44 
feet  on  centres,  with  a  maximum  width  of  12  feet.  The  large 
face  plate  is  built  up  of  twelve  segments*  The  rim  is  of  box  sec- 
tion, the  ends  of  the  rim  in  each  section  being  finished  to  make  the 
joint,  and  the  segments  being  held  together  at  the  rim  by  body* 
bound  bolts.  The  arms  are  slotted  for  boltSj  and  the  space  be- 
tween segments  is  also  shape^l  to  receive  the  usual  sqnare-headed 
boltig.  The  inner  end  of  each  segment  is  fastened  to  the  sumller 
face  plate  by  several  body-bound  bolts. 

2<  The  smaller  face  plate  is  east  in  one  with  the  forward  section 
of  the  spindle.  The  spindle  revolves  in  a  babbitted  l>earing  mens- 
11  ring  48  inches  diameter  by  08  inches  long,  the  dimensions  of  the 
rear  bearing  being  22  inches  diameter  hy  28  inches  long.  It  is 
ealeuhitt'd  that  the  pressure  on  the  main  bearing  willj  at  times, 
attain  a  maximum  of  125  pounds  per  square  inch, 

3*  Teeth  were  cast  into  the  peripliery  of  the  12-foot  face  plate 
ffir  the  purpose  of  driving  same  while  tnrning  up  the  spindle 
hearing,  which  operation  is  ilhist rated  in  Fig.  75.  After  the 
!^fii!jdle  was  finished  by  this  method  the  segments  of  the  large  face 


^  Prespnti?d   ut  the   Kew    Vork    meeting  (D^ict^mbtir,    1003)  of  the  Amcncaa 
S<K!iely  of  Mechanlcftl  Engineers,  and  fgrmiDg  part  of  Volume  XXIV,  of  tbe  Tr^ni' 
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plate  were?  bolted  on^  the  spindle  assembled  on  the  lieadstock,  and 
the  periphery  of  the  30-foot  face  plate  titrnod  off^  with  the  spindle 
in  its  own  bearing* 

4.  A  feature  of  interest  in  connection  with  this  machine  Is  the 
method  of  drive  adopted,  which  is  a  friction  rollor,  18  inches  diam- 
eter, made  of  compressed  paper,  while  the  rim  of  the  large  face 
plate,  15  inches  wide,  affords  the  neeessarj  contact  surface  for 
driving.     Power  is  supplied  by  a  75-horse-power  motor,  quadruple 


:>       ^ 


Fig,  75. 


geared,  the  hbg  of  the  multiple  voltage  system  giving  the  machine 
a  range  covering  all  diameters  from  sis  feet  to  the  present  capac- 
ity, though  tlie  gear  train  is  designed  to  admit  of  tw^o  changes  of 
back  gear  in  addition. 

5*  The  tool  carriages  are  supported  on  massive  cast-iron  columns 
resting  on  the  bottom  of  the  pit,  and  the  feed  mechanism  is  driven 
by  an  independent  motor  properly  back  geared,  Fig.  77,  By  the  use 
of  the  multiple-voltage  controller^  and  a  device  called  a  feed  regula- 
tor, any  rate  of  feed  from  ^^  inch  to  2f  inches  per  minute  can  be 
had  without  a  change  of  hack  jxears.  There  was  also  designed  for 
this  machine  an  outboard  hearing  to  support  the  outer  end  of  man- 
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drils  and  boring'  bars,  wbieh  is  provided  with  a  geared  sleeve  coi>* 
nected  to  a  train  uf  back  goara  driven  by  an  independent  motor;  tlje 
whole  being  self-contained  and  constituting  a  portable  boring  and 
facing  tooL 

G.  An  approximation  of  the  total  amount  of  cast  iron  used  in 
the  construction  of  this  machine  places  the  weight  at  480,000 
pounds,  of  which  the  spindle  and  two  face  plates  together  weigh 
about  155,000  pounds. 

7*  As  would  be  expected  in  this  claaa  of  tool,  the  centre  of 


^^ 


Fig.  m 


gravity  of  the  revolving  parts  lies  very  close  to  the  edge  of  the 
pit;  hence,  the  matter  of  a  substantial  foundation  became  one  of 
considerable  ini porta  nce^  and  to  meet  the  severe  requirements  the 
design  of  the  headstock  provides  a  large  area  for  the  distribution 
of  this  pressure,  so  that  the  forward  part  of  the  headstock  alone 
covers  an  area  of  G8  square  feet.  The  masonry  foundation  con- 
Bists  of  a  layer  of  the  best  Portland  cement  grouting  on  top,  fol- 
lowed by  a  five-foot  layer  of  vitrified  brick,  which  in  turn  rests 
on  a  massive  column  of  the  best  grade  of  pressed  brick,  all  laid 
in  first  quality  Portland  cement. 

8.  Fig.  76  shows  the  assembled  pit  lathe  driven  by  the  friction 
roller  while  taking  a  heavy  facing  cut,  on  which  occasion  four  tools 
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were  employed.  The  picture  also  sliows  the  driving  motor  with 
its  train  of  gears  and  the  mechanis?in  employed  for  adjustijig  the 
pressure  on  the  friction  roller* 

For  the  illust rations  in  this  paper  the  writer  is  indebted  to 
Messrs,  Loose  and  Cooper  of  the  Bidloek  Electric  Co. 


mSCXJSBlON, 

Mi\  H.  H.  Svplee. — I  have  had  <a  good  deal  of  experience  in 
tlie  past  with  friction  driving  for  another  line  of  work,  I  think 
that  much  more  power  can  be  transmitted  by  it  than  is  ordinarily 
supposed.  Paper  frictions  somcAvhat  similar  to  tliis  are  generally 
in  use  for  driving  saw*niill  niachineryj  particidarly  the  carriagm 
of  band  saw-mills,  because  of  the  ease  with  which  the  mechanism 
can  be  reversed.  I  know,  inyselfj  of  cases  w^her©  frictions  of 
12  inches  face  are  transmitting  35  to  40  hoi*se-|X)wer  readily  with- 
out any  danger  of  slip, 

M,  Fred,  */.  Mfili'}\-^IIow  about  the  speed  ? 

Mr,  Sujplee. — I  was  coming  to  that,  The  fundamental  point 
is  the  speed.  Friction  wheels,  even  with  very  limiteil  faces,  can 
1)6  used  to  transmit  lai*ge  amounts  of  power  if  you  only  run  them 
fast  enough,  and  the  pro]ier  w^ay  to  use  those  gears  is  to  speed 
up  until  you  get  to  the  right  friction  [ind  then  speed  down  again. 
In  that  way  you  can  use  this  very  convenient  fonii  of  drive  with- 
out any  serious  difficulty  of  slipping  and  without  any  doubt  of 
transmitting  the  |)Ower, 

In  the  case  to  wliioli  1  referred,  a  paper  friction  wheel  of  12 
inches  diameter  and  12  inches  face,  running  at  600  revolutions  per 
minntOi  readily  drove  »i5  Iiorse-power^  measured  by  indicating 
the  engine  with  and  without  the  load,  and  taking  the  difference. 

3fr.  Fred  J.  JlUhr, — As  I  understand  it,  the  ratio  between 
the  lineaT  si>eed  of  the  friction  gear  and  the  cut  which  is  being 
taken,  tlepends  upon  tlie  diameter  of  the  w^ork.  That  is  to  say, 
if  tlie  work  is  half  the  diameter  of  the  face-plate  then  the  ratio 
of  the  speed  of  the  friction  gear  to  that  of  the  cut  w*ill  be  as  3 
to  1.  But  if  the  diameter  of  the  work  is  nearly  the  diameter  of 
the  fac6-platt%  then  the  ratio  will  be  nearly  as  1  to  l,>nd  the 
question  would  a;rise  as  to  whether  then  it  would  have  sufficient 
driving  power  to  do  inucli  work. 

Mr,  K  K  J/cmhaiiK — I  would  like  to  ask  Mr.  Bamay  how 
much  of  the  range  of  speecl  is  obtained  by  changing  the  speed  of 
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the  motor  ;  that  is,  without  making  any  change  in  the  ratio  of 
the  gearing.  Also  whether  in  referring  to  this  motor  as  a  TS-horse- 
power  motor  he  means  that  it  is  intended  to  develop  75  horde- 
power,  driving  this  tool  under  any  condition  of  work  for  which 
it  might  be  used  ?  I  would  also  like  to  ask  Mr.  Barnay  for  de- 
tails of  this  device  which  he  calls  a  feed  regulator.  - 

Mr,  Barnay. — I  may  say  that  the  power  behind  the  lathe  is 
a  75-horse-power  motor,  and  of  course  the  friction,  while  trans- 
mitting that  power,  is  calculated  to  supply  all  the  power  neces- 
sary, no  matter  what  the  diameter  of  the  work  may  be. 

With  reference  to  Mr.  Ilenshaw's  remarks  as  to  the  raage  of 
speed  of  the  motor,  the  range  of  the  speed  obtained  by  t^e  use 
of  the  controller  alone  is  1  to  7i'\.  So  that  in  this  case  atiy 
diameter  from  6  feet  to  7^^  times  6  teet  (=  43^  feet)  can  be  msed 
in  the  lathe  without  changing  the  back  gear  at  all — simply  chatige 
the  speed  by  means  of  the  controller. 

Mr,  Ileiishaw. — I  do  not  quite  follow  that.  Do  I  undersUmd 
that  this  motor  will  develop  75  horse-power  at  any  speed  over 
a  range  of  1  to  7t\  ? 

Mr,  Barnay, — No,  sir.  The  horse-]>ower  is,  of  course,  vari- 
able in  direct  ratio  to  the  speed.  As  the  speed  is  decreased,  the 
power  drops  off.  The  changing  gear  is  useful  mainly  in  main- 
taining the  power  of  the  motor. 

Mr,  ILmshaw, — Does  tlie  power  necessarily  drop  off? 

Mr,  Barnay, — It  does,  on  account  of  the  multiple  voltage  sys- 
tem.    We  use  lower  voltages  at  the  lower  si)eeds. 

Mr,  TTenshain, — But  that  does  not  affect  the  fact  that  the  lathe 
may  require  the  same  horse-power  at  any  speed. 

Mr,  Barnay. — As  a  matter  of  fact  our  motors  are  rated  at  75 
horse-power  ;  in  this  case,  for  instance,  at  750  revolutions  per 
minute,  and  at  any  other  revolution  the  power  would  not  be  the 
same.    . 

Mr,  L,  li,  Pomeroy.—A.  would  like  to  ask  whether  that  ma- 
chine exerts  75  horse-power  at  the  lowest  speed  ? 

Mr,  Barnay, — Seventy-five  horsepower  at  750  revolutions. 

Mr,  Hem^haw, — Tlie  point  I  wish  to  bring  out  is  simply  that 
with  a  large  diameter  of  work,  tlie  material  l)eing  the  siune  and 
the  amount  of  metal  removed  being  the  same,  the  horse  power 
will  remain  the  same  as  for  small  diameters,  becjmse  the  torque 
will  vary  inversely  as  the  speed.  I  was  anxious  to  get  some  idea 
of  the  actual  power  of  the  motor  over  its  si)eed  range  for  a  to<d 
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of  this  size.  It  appears  to  me  that  the  rating  of  the  motor  as 
given  is  misleading,  because  it  can  only  develop  this  rated  power 
at  one  speed. 

Mr.  Bamay,* — In  reference  to  Mr.  Henshaw's  question  about 
the  feed  regulator,  I  would  say  that  there  is  one  of  these  attached 
to  each  independent  feed  screw,  and  it  operates  on  the  principle 
of  an  escapement.  Its  use  involves  the  engagement  of  an  oscil- 
lating driving  pawl  with  a  toothed  disc  which  is  keyed  to  the 
feed  screw. 

Adjustment  of  the  feed  regulator  causes  a  variation  in  the 
number  of  teeth  taken  in  by  the  oscillating  driving  pawl,  thereby 
changing  the  rate  of  speed. 

*  Author's  closure,  under  the  Rules. 
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No.  065.* 

GIFT  PROPOSITIONS  FOR  PAYING    WORKMEN.\ 

BY  FRANK  RICHARDS,  NEW  TORK  CITT. 

(Member  of  the  Society.) 

1.  The  engineer  works  for  results.  His  agencies  are  machines 
and  men.  It  does  not  appear  why  it  is  not  as  entirely  his  business 
to  study  the  efficiencies  of  the  one  and  the  means  for  their  promo- 
tion as  of  the  other.  The  proceedings  of  this  Society  have  been 
mostly  occupied  with  the  machine,  but  the  man  also  has  been 
recognized  at  various  times.  It  is  sufficient  here  to  mention  the 
papers  entitled  "  The  Premium  Plan  of  Paying  for  Labor,"  by  Mr. 
F.  A.  Halsey,  and  "  A  Bonus  System  of  Rewarding  Labor,"  by  Mr. 
H.  L.  Gantt.  The  present  writing  may  be  taken  as  a  contribution 
to  the  discussion  which  those  papers  invite  and  which  can  scarcely 
yet  be  considered  closed. 

2.  They  are  most  fortunate  evermore  who  can  work  most  whole- 
heartedly. The  wa^e-earuers  of  the  world  have  not  hitherto  been 
thus  fortunate,  and  they  and  the  world  have  been  the  losers. 
They  certainly  have  not  been  so  situated  hitherto  that  they  could 
have  any  desire  to  do  what  they  could  to  its  utmost,  and  still  less 
to  seek  for  ways  of  doing  still  better.  They  certainly  have  a  right 
where  possible  to  more  operative  and  unfailing  incentives.  How 
to  change  the  worker's  attitude  toward  his  work  by  means  of  a 
change  in  the  system  of  apportioning  the  recompense  for  it  would 
seem  to  be  the  foremost  problem  of  the  opening  years  of  the  new 

*  Presented  at  the  New  York  meeting  (December,  1902)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  6t  the 
Transactions. 

f  For  further  references  on  this  subject  see  Tranmctions  as  follows  : 
No.  256,  vol.  viii.,  p.  630:  ''A  Problem  in  Profit  Sharing."     Wm.  Kent. 
No.  341,  vol.  X.,  p.  600 ;  "Gain  Sharing."    Ilenry  R.  Towne. 
No.  449,  vol.  xii.,  p.  755:  "The  Premium  Plan  of  Paying  for  Labor."    F.  A. 

Halsey. 
No.  647,  vol.  xvi.,  p.  856  :  "A  Piece  Rate  System."    Fred.  W.  Taylor. 
No.  928,  vol.  xxiii.,  p.  341:  **A  Bonus  System  of  Rewarding  Labor."   .  H.  L. 
Gantt. 
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century.  How  shall  the  worker,  whatever  his  grade  of  skill  or 
efficiciiey,  who  has  kitherto  M^orked  only  for  a  fixed  daily  ^^age, 
be  so  paid  hereafter  that  he  shall  not  only  get  all  that  he  earns, 
but  that  he  shall  be  willing  and  even  desirous  to  do  more,  and  thus 
to  earn  more,  up  to  the  limit  of  his  ability?  We  have  done  much 
boasting,  especially  as  Americans,  over  the  excellence  of  our  ma- 
chines and  over  the  continuing  increases  in  their  efficiencies. 
Why  have  we  not  been  equally  exultant  over  the  individual  effi* 
ciencies  of  our  men,  and  equally  diligent  and  successful  in  pro- 
moting their  efficiencies^  It  is  notonona,  and  it  is  absurd  that 
it  should  he  so,  that  the  worker  finds  little  satisfaction  in  his  in- 
creasing output,  and  that  he  takes  no  pride  in  it^  but  rather  organ- 
izes to  retard  it  as  much  as  he  can. 

3.  The  reason  seenug  to  be  plain  enough.  Daily  wages,  and  the 
same  wage  for  each,  offer  nothing  at  all  to  induce  one  man  to  do 
more  than  another.  Why  should  any  man  who  Avorks  for  so  much 
a  day  try  to  do  more  than  just  what  will  hold  his  job?  Indeed, 
according  to  prevalent  modes  of  reasoning,  if  he  does  more  without 
conmiensurate  remimc ration,  what  is  he  but  a  fool?  In  spite  of 
all  efforts  at  equalization  there  is  always  an  appreciable  and  often 
a  very  great  difference  in  the  quality  or  quantity  of  work  done  by 
different  men;  and  if  aU  are  paid  alike^  then  either  some  are  not 
paid  enough  or  some  are  paid  too  much,  and  pay  by  the  day  would 
never  seem  to  be  fair  and  just  to  all.  The  system  survives,  we 
may  believe,  chiefly  because  nothing  better  and  generally  appli- 
cable has  been  devised, 

4.  Other  schemes  are  of  course  t^ontinuaUy  being  tried,  and 
even  adopted,  more  or  less  extensively.  On  the  face  of  it,  piece- 
work, or  pay  exactly  proportioned  to  the  amount  of  work  done, 
is  the  only  ejcact  justice.  Unfortunately,  it  is  sometimes  so  craft- 
ily manipidated  that  justice  deserts  it»  On  the  promise  of  equitable 
payment  for  actual  work,  and  in  exact  proportion  to  what  is  done, 
the  worker  claims  too  often  to  find  that  in  the  end  it  is  a  mere 
arrangement  to  squeeze  from  him  more  work  for  less  wages,  so 
that  if  by  day  wages  some  are  paid  too  little^  by  piece-work  a  much 
greater  number  are  ultimately  so  paid. 

5.  This  estimate  of  any  system  which  has  the  name  of  piece- 
work i-H  quite  widely  held  by  wage-earners.  The  essential  justice 
of  the  piece-work  system  remains,  And  it  might  be  well  worth  while 
to  inves^tigate  the  mistakes,  and  worse,  which  have  nTisdirected  its 
application.     Instead  of  that,  we  have  set  to  work  to  devise  other 
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sehomes.  We  have  now  before  us,  skilfully  stated  and  earnestly 
advocated,  the  "  Bonus  System  of  Kewarding  Labor "  and  the 
*'  Premium  Plan  of  Paying  for  Labor."  The  essential  error  in 
both  of  these  would  seem  to  be  in  the  ignoring  of  the  strictly 
business  relation  of  employer  and  employee.  The  employer  of 
any  worker  is  simply  a  buyer  of  what  the  worker  has  to  sell,  osten- 
sibly paying  equitably  for  what  is  done  and  for  all  that  is  done. 
Why,  if  possible,  should  he  not  pay  in  exact  proportion  to  Ae 
quantity  done,  the  same  as  in  buying  coal  or  beef  or  any  other 
merchantable  commodity?  If  the  gift  proposition  is  all  ri^t  in 
paying  the  workmen,  why  not  propose  also  a  Bonus  Syst^n  of 
liewarding  the  Grocer  or  a  Premium  Plan  of  Paying  for  Beef  ? 

6.  Of  the  two  devices  here  spoken  of  together,  the  Premium 
Plan  seems  to  be  the  most  prominent  and  to  be  regarded  with  the 
greatest  favor.  I  know  that  the  plan  has  been  devised  and  pro- 
posed in  all  honesty,  and  with  the  most  commendable  of  intentions^ 
and  that  it  has  been  advocated  and  promoted  by  its  originator  as 
the  fairest  thing  at  present  possible  between  employer  and'  em- 
ployee, and  at  the  same  time  an  ideal  stimulant  for  the  worker; 
nevertheless,  it  is  for  me  to  speak  of  it  only  as  I  see  it. 

7.  It  happens  that  I  am  familiar  most  of  all  with  the  things 
which  pertain  to  machine  sliops,  and  with  the  ways  in  which  things 
are  done  in  machine  shops,  including  the  adjustment,  and  the  vari- 
ous attempts  at  adjustment,  of  the  pay  to  suit  the  work.  It  hap* 
pens,  also,  that  the  so-called  ^*  premium  "  plan  has  had  its  trial  and 
adoption,  and  what  successes  it  has  won,  chiefly  if  not  entirely  in 
the  machine  shop.  We  will  go  right  into  the  shop,  then,  and  try 
to  understand  the  plan  and  how  it  works,  especially  in  comparison 
with  the  regular  old  daily  wage  system. 

8.  We  assume,  which  it  is  easy  enough  now  to  do,  that  times 
are  good,  that  the  men  have  constant  work  and  fair  daily  wages^ 
and  that  the  employer  is  finding  profit  in  his  business.  In  the  shop 
are  Jack  Winslow  and  Bill  Sykes,  each  running  a  lathe,  the  lathes 
precisely  alike,  and  each  turning  out  the  same  amount  of  work 
every  day.  Each  lathe  is  worth,  as  it  stands  with  all  its  tools  and 
appurtenances,  say,  $1,000.  The  proportion  of  value  of  the  build- 
ings and  other  details  of  the  general  plant  chargeable  to  the  indi- 
vidual lathe  is,  say,  as  much  more.  This  makes  $2,000  as  the 
actual  capital  that  it  is  necessary  for  us  to  consider  in  this  relation. 
We  allow,  say,  10  per  cent,  per  year  on  this  value  to  cover  interest^ 
repairs,  maintenance,  and  depreciation;  which  is  $200  per  year. 
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or,  mVj  65  cents  per  workiog  iIh y.  Wc  aviII  allow  for  the  power 
to  drive  the  lathe,  oil  for  itg  hiliricutrun,  waste  to  wipe  it,  and  all 
tiifltj  35  cents  a  day.  Then  there  is  a  share  of  the  office  expenses — 
*^  non-productive  labor,"  a**  they  call  it- — and  all  the  other  things 
wliich  it  takes  to  keep  the  business  going;  this  we  may  pnt  at  50 
cents  per  day.  We  will  \my  each  rnau  $3  i>er  day^  and  then  the 
total  daily  charge  for  each  lathe  will  be  like  this : 

lotefeatj  ate^ ,  on  latba  nud  planr.,  ..».,.,..,,   «...,.,.  $0.05 

Power  and  operatiBg  eipeases. . .       .35 

Otfk«eiipeftiie&.. , 50 

Blan*i3  wages  ...*,♦,,,♦,..,♦.,,...,....* *.*.....*.*      dMi 

Total  cofit  per  cl&y. , , . . .  $4,50 

J*,  It  makes  no  rliiferenee  for  our  present  pnrpo&e  whether  these 
figures  are  all  just  and  proper  or  not*  Anyone  may  assume  any 
other  iigures  to  suit  liii>  taste.  It  is  necessary  to  have  in  addition 
some  figuiH.^s  for  the  profit  to  the  employer  on  the  day's  work,  or 
to  fi.x  the  value  that  he  may  ultimately  realiKe  froni  it*  The 
articks  worked  on  may  be  parts  of  machines  that  are  being  built 
in  the  shop,  or  thcv  may  have  to  go  through  suhBeqnent  operations 
that  will  add  to  their  ultimate  cost,  hut  we  here  assume  a  value 
for  the  work  as  it  leaves  the  latlie,  and  which  may  be  realized  for 
Uiat  part  of  the  work  whitdi  i^^  done  on  the  lathe*  We  will  add, 
say,  one-third,  or  $lM50t  for  the  proprit^tor's  profit,  which  ^vill 
make  the  total  value  of  the  day's  wtirk  r»f  <me  lathe  $6,  and  of  the 
two  lathes  $12*  We  are  to  remember,  then,  that,  as  things  are 
going  by  regular  day  work,  the  proprietor'^  daily  profit  for  each 
lathe  IB  $1,50  and  that  each  man's  wage  for  the  day  is  $3. 

10*  The  work  of  each  lathe,  mih  the  men  thus  w*orking  by  the 
day,  i5,  say,  the  boring  and  turning  of  ten  wheels  of  a  special  style 
for  eacli  day's  work*  Now*  it  so  liappt^ns  that,  to  keep  up  with 
his  busines^ji  the  proprietor  needs  more  wheels  tiian  the  two  lathes 
are  tiiming  out*  so  he  puts  in  another  lathe  and  employs  another 
man,  and  when  he  gets  it  going  it  turns  out  precisely  the  same 
amount  of  work  aa  the  iitliers,  and  the  boss  and  the  men  are  all 
satisfied.  The  prriiirictor^s  share  or  profit  on  the  work  of  the 
three  lathes  is  $4.50  per  day  and  the  sum  of  the  wages  of  the  three 
men  is  $0  per  day.  Tliere  is  and  can  be  no  pretence  or  suggestion 
that  the  third  man  does  not  earn  his  wages  as  fully  as  the  other 
two.  The  idea  thus  far  is  the  accomplishment  of  so  much  work 
for  so  much  pay,  no  matter  who  does  it.     Each  man  doing  his  ten 
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wheels  a  day  is  paid  as  much  for  the  second  five  of  them  as  for  the 
first  five,  and  the  proprietor  gets  the  same  profit  out  of  the  last 
five  as  out  of  the  first  five. 

11.  With  things  going  along  thus  satisfactorily,  what  if  a  man 
should  take  a  spurt,  and  by  persistent  watchfulness  of  the  speeds 
and  feeds  of  the  lathe,  by  keeping  every  cutting  tool  constantly 
ready  and  always  at  its  sharpest,  and  by  celerity  and  precision  in 
making  his  changes  of  work  and  all  the  necessary  adjustments,  he 
should  turn  out  five  more  wheels  per  day?  Should  he  not  receive 
for  the  third  five  as  much  as  for  the  first  five  or  the  second  five, 
as  long  as  he  had  been  only  equitably  paid  before? 

12.  In  work  that  is  paid  for  by  day  wages  there  is  always  this 
recognized  ability  in  the  man  to  somewhat  increase  his  output  if 
sufficient  inducement  is  offered.  There  is  a  "  fair  day's  work  '* 
that  is  recognized  as  such  and  accepted  as  satisfactory  all  around, 
and  yet  which  is  never  assumed  to  be  the  extreme  limit  of  a  man's 
possible  accomplishment.  There  are  different  ways  of  applying 
inducements  to  the  men  to  get  them  to  turn  out  the  possible  surplus 
of  work.  The  proprietor  should  have  no  difficulty  in  recognizing 
the  justice  and  propriety  of  paying  pro  rata  for  all  the  work  turned 
out,  as  he  certainly  is  paid  in  that  xoay  for  all  the  'product  of  hi% 
shop. 

13.  Returning  now  to  the  two  men  jogging  comfortably  along 
and  turning  out  each  his  ten  wheels  a  day  and  getting  his  $3.  The 
boss  to  poke  them  up  can  simply  tell  them  that  he  will  pay  them 
at  the  same  rate  for  all  they  can  do.  It  may  then  happen  that 
when  the  men  get  everything  tuned  up  and  have  acquired  their 
full  momentum  they  will  actually  turn  out  fifteen  wheels  a  day 
each,  and  each  get  his  $4.50.  Besides  the  additional  wages  paid 
to  the  men  there  will  be  no  increased  expense  to  the  proprietor, 
except  possibly  one  or  two  cents  a  day  for  additional  power  con- 
sumed, an  item  undiscoverable  in  practice  and  entirely  negligible 
here.  With  the  three  men  on  the  three  lathes  turning  out  each 
his  ten  wheels  a  day  the  men  each  received  $3,  or  $9  in  all,  and 
the  proprietor  received  $1.50  net  profit  for  each  man's  day's  work, 
or  $4.50  in  all.  iTTow,  with  two  men  doing  the  same  work,  al- 
though the  proprietor  has  paid  in  wages  to  the  two  men  precisely 
what  he  paid  the  three  men,  he  has  saved  the  shop  room  and  the 
cost  of  carrying  the  third  lathe.  He  has  saved,  in  fact,  the  first 
three  items  of  expenses  as  we  first  enumerated  them  for  one  lathe. 
For  the  two  lathes  turning  out  thirty  wheels  a  day  the  cost  will  be: 
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Tutercsl,  etc,  on  two  lathes  and  plant. .,,,.,*..«.....  fl.SO 

Powf  r  and  operatiog  expenses.  ,**,.,..*»....*..,..,,»   . , , . ,       .7f) 

OfficR  03cpeas6s . , » , . 1 .00 

Paid  two  men  . . , * . , fl,OC 

Total  cost  i>er  day , . , |12.00 

14.  The  value  o£  the  work  turned  out  is,  as  before,  $G  for  each 
ten  wheels,  or  $18  for  the  thirty  wlieels,  so  that  the  proprietor, 

lOugh  he  pajs  the  two  men  the  same  amount  he  paid  the  three 
en,  aetually  gets  $1»5(}  more  profit,  or  33  J  per  cent,  more* 

15.  This  might  have  been  done  also  as  a  straight  piece-work 
proposition.  The  proprietor  might  have  said  to  the  men:  "  Here, 
you  fellows  are  working  all  right,  of  eonrse.  1  eouldn't  get  any 
other  fellows  to  do  any  better  work  than  you  are  doing,  and  I 
lm%'en't  a  word  of  fault  to  find;  but,  all  the  same,  you  know,  Pm 
mighty  anxious  to  get  out  some  more  of  those  wheels*  Let's  see* 
You  are  turning  out  ten  wheels  a  day;  that's  thirty  cents  apiece* 
Well,  m  give  you  thirty  cents  apiece  for  all  the  wheels  you  can 
turn  out;  so  pitch  in,  and  the  more  you  make  the  more  I'll  make, 
and  the  better  we'll  be  pleased  all  ^round.^'  Then,  when  the  men 
get  to  turning  out  their  fifteen  wheels  a  day  each,  the  figures  will 
he  the  same  as  those  last  given.  Too  many  bosses  get  alaniied  as 
soon  as  the  men  by  piece-work  begin  to  get  any  appreciable  per- 
centage above  day  w^ages,  and  then  the  cutting  of  prices  begins, 
and  the  men  soon  get  disgusted, 

16.  Tsow^  it's  so  much  better  to  begin  right  %vith  the  men.  The 
"  premium  "  plan  is  to  be  admired  for  the  sweetness  of  its  ap- 
proach and  its  avoidance  of  anything  but  pleasant  suggestions. 
Imagine  the  two  men  working  along  by  the  day  as  before,  with  the 
boss  as  anxious  as  before  to  increase  his  output,  but  with  the 
'*  premium  ^^  plan  in  his  head.  He  conies  along  in  his  cheer fulest 
mood  and  begins  to  talk  it  np.  He  begins  to  tell  how  he's  got  to 
get  out  more  wheels*  '*  Now,  boys/^  he  says,  ''  I  know  you  won't 
object  to  raking  in  a  little  more  cash  every  Saturday  night,  and  I 
can  put  it  in  your  way.  I'll  tell  you  what  I'll  do,  IHl  go  halves 
with  you;  and  if  anything  can  be  fairer  than  that  Fd  like  to  know 
it.  Of  course,  you  are  both  turning  out  a  fair  day's  work,  but  I 
^fuppose  you  could  get  out  a  little  more  if  you  looked  after  every- 
thing sharp.  You  shan't  run  a  bit  of  risk  of  losing  anything. 
You  diall  have  your  full  day's  pay  for  the  ten  wheels  you  turn 
ontt  j"'*t  the  same  as  now,  *^nd  for  all  you  turn  out  over  and  above 
the  ten  you  shall  have  half  of  what  they  come  to  at  the  same  rate. 
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That's  the  premium  plan  that  they  are  working  on  in  a  good  many 
shops  now,  and  lots  of  fellows  are  getting  extra  pay  by  it,  and 
the  extra  pay  is  just  as  good  for  you  as  for  the  rest  of  ^em,  and  Til 
be  just  as  glad  to  see  you  get  it." 

17.  Well,  the  two  men  go  to  work  under  this  "  premium  "plan, 
and  when  they  are  under  full  headway,  turning  out  fifteen  wheels 
a  day  each,  the  statement  for  the  two  men  will  be  like  this: 

Interest  on  lathe  and  plant $1.80 

Power  and  operating  expenses .70 

Office  expenses 1.00 

Day  wages  for  20  wheels -6.00 

10  wheels  at  .80  H-  2 1.50 

Total  cost  per  day $10.00  . 

For  the  thirty  wheels  turned  out,  as  before,  the  men  each  receive 
$3.75,  or  the  two  receive  $7.50  instead  of  $9,  and  the  proprietor's 
profit  is  increased  by  the  difference,  $1.50.  The  men  get  $1.60 
less  and  the  proprietor  gets  $1.50  more  than  by  piece-work,  every 
circumstance  being  identical  in  the  two  cases,  except  that  in  the 
latter  the  men  have  worked  under  the  *^  premiiun "  plan.  It 
requires  no  further  demonstration  to  convince  anyone  that  the 
plan  carries  a  premium,  but  take  notice  who  it  is  that  gets  the 
premimu;  and  he  who  gets  the  premium  should,  of  course,  praise 
the  plan.  Those  who  are  getting  the  premium  are  the  ones  to- 
day praising  the  plan. 

18.  I  believe  1  have  not  here  stated  the  premium  plan  unfairly, 
or  misrepresented  the  mode  of  its  presentation  by  the  employer  to 
the  workmen.  It  seems  to  be  proper  to  ask,  as  man  speaking  to 
man,  is  this  premium  plan  such  as  any  square-dealing  business  man 
would  propose  to  another,  or  is  it  what  a  sharper  would  propose 
to  a  simpleton?  Are  the  exigencies  of  business  such  as  to  neces- 
sitate and  justify  any  and  every  device  for  wheedling  from  the 
workmen  as  much  work  for  as  little  wage  as  possible? 

19.  One  detail  of  the  premium  plan  which  is  specially  insisted 
upon  by  the  promoters  of  it  is  that  it  shall  be  honestly  administered, 
and  that  no  advantage — no  additional  advantage,  we  might  say — 
shall  be  taken  of  the  men  after  it  is  put  into  operation,  or,  in  other 
words,  that  there  shall  be  no  cutting  of  the  rates  after  they  have 
been  once  agreed  upon.  According  to  the  illustration  which  I 
have  here  worked  up  there  would  seem  to  be  little  need  of  cutting 
the  rates.     Should  the  opportunity  appear  and  the  temptation 
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arise,  however,  to  cut  the  rates,  there  is  notliing  to  prevent  it  Avith 
the  premium  plan  any  more  than  with  pure  piece- work,  and  either 
system  is  dependent  upon  the  good  faith  of  the  employer.  When 
the  premium  plan  is  put  into  practical  operation  the  proposition 
to  the  men  seldom  is  to  give  them  more  than  one-lia!f  the  price^  as 
I  have  above  assumed,  for  the  excc^ss  of  work  produced.  The 
author  of  the  premiiiiu  plan  has  said  that  he  favors  the  giving  to  the 
men  of  one-third,  and  that  he  considers  an  offer  of  one-half  to  be 
dangerous j  the  danger  consisting  in  the  increasing  temptation  to 
the  employer  to  cut  the  rate, 

20,  If  J  in  the  above^  I  have  in  any  way  misrepresented  the  pre- 
mitim  plan,  as  I  certainly  have  intended  not  to,  I  will  be  glad  to  be 
corrected,  I  do  not  see  that  the  ^*  Bonus  System  "  differs  from 
the  **  Prerojum  Plan  "  except  in  the  details  of  the  device  by  which 
the  same  result  is  attempted  to  be  securedj  and  it  is  not  necessary 
here  to  consider  it. 

21.  It  is  my  view  that  for  everything  a  workman  can  do  there 
is  a  fair  and  eqiiitable  price,  whatever  thf*  difficulty  of  determiniTig 
tliat  price,  and  that  when  the  man  does  the  work  he  should  get  the 
prie^.  The  piece  which  by  extra  exertion  he  does  last  brings  as 
much  {or,  as  I  have  shown,  more)  profit  to  the  proprietor  as  the 
first  piece  that  is  done,  and  it  docs  not  appear  why  the  man  should 
fwit  have  his  pay  the  same  for  each.  No  one  can  assert  that  the 
premium  plan  gives  him  this.  It  does  not  appear  to  me  that  the 
premium  plan,  or  any  other  gift  proposition,  offers  or  suggests  a 
permanent  or  satit^factory  solution  of  the  problem  of  equitably 
adjusting  the  wage  to  the  work,  so  that  the  opening  century  still 
has  a  job  before  it  to  devise  some  scheme  more  equitable  and  more 
deserring  of  permanent  adoption. 

IJISOXJSSIDN- 


Mr,  Frm*k  likhard^, — I  have  a  record  of  just  40  ye^rs  of 
working  (hiys  in  the  American  machine  shop  as  sueceBsively 
errand  hoyj  apprentice,  journeyman,  foreman  and  superinten* 
dent,  and  I  am  still  in  pretty  close  touch  with  the  shop  and  the 
men  who  are  in  it»  Pei-haps  no  fme  is  in  a  better  positiim  than 
myself  for  presenting  the  viesv  which  the  workman,  the  party  of 
the  BOtK)nd  part,  is  likely  to  take,  the  view  which,  as  I  believe, 
he  is  warranted  in  tiiking,  of  these  gift  propositions,  and  his  view 
must  Booner  or  later  be  reckoned  with. 
1? 


258 


GIFT  PROPOSITIONS  FOE  PAYING   WORKMEN. 


There  is  in  this  paper  not  the  slightest  suggestion  of  sympathy 
or  affiliation  with  the  tm^les  union  as  it  is  familiarlv  known,  I 
bdie^e  that  the  idea  prevalent  in  the  ranks  of  organized  labor 
that  thei'e  is  only  so  nmeh  ^rork  in  the  world  any w^ay,  and  that 
the  less  each  one  does  the  more  there  will  be  left  fur  the  others 
to  doj  is  one  of  the  silliest  that  ever  dominated  Imman  action. 
The  w^inning  Avay  of  working  is,  the  American  way  has  been,  to 
do  all  you  can— and  get  paid  for  the  whole  of  it.  The  sc^hemes 
which  in  this  paper  I  object  to  are  those  that  ami  to  get  the 
workman  to  do  all  that  he  can  and  then  to  jolly  him  out  of  a 
part  of  the  price.  The  point  of  tliis  paper  is  in  the  question  in 
the  latter  ]>art  of  it.  Is  the  ]>retniuni  plan,  or  the  bonus  system 
or  any  scheme  which  offers  the  man  as  a  gratuity  a  ^lart  only  of 
what  he  actually  earns,  is  such  an  arrangement  w^hat  any  scjuare- 
dealing  business  man  wonkl  propose  to  another,  or  is  it  what  a 
sharper  would  try  to  work  on  a  simpleton  ?  It  may  be  proper 
to  suggest  that  in  the  discussion  of  this  matter  no  narratives  of 
successful  experiments  with  these  gift  propositions^  no  exhibits 
of  cost  reductions  accomphsheil,  nor  even  the  fact  that  some 
workmen  are  willing  to  accept  some  of  these  self-styled  gratuities, 
have  anything  to  do  with  the  ethics  of  the  case,  la  the  thing 
right  ?     If  it  is  right,  then  it  is  all  right. 

After  all  I  am  ready  to  say  that  this  is  a  matter  of  compara- 
tively slight  importance,  I  could  wish  that  our  attention  might 
be  turned  to  the  larger  and  more  urgent  problem  of  genend 
wage  adjustment.  How  can  the  wage  earner  or  the  salaried 
man  l3e  put  in  a  position  to  rejoice  in^  rather  than  to  regard  with 
regret  and  disa])poi fitment  a  time  of  industrial  activity  and  so- 
calletl  national  prosjiority  ?  It  is  not  ditticult  to  u  nd  el's  tan  d  just 
what  I  meiin.  The  most  valued  men  in  the  shop  are  the  ohl 
hands,  or  they  wouldii- 1  be  the  old  hands.  All  successftd  and 
long  established  businesses  have  eniployes  who  have  been  with 
them  for  years,  and  the  newer  establishments  try  to  accumulate 
men  of  the  same  class.  Not  only  is  the  skill  and  the  rate  of  pro- 
duction of  these  men  more  to  be  relied  on,  Init  it  is  expected  that 
they  will  be  more  jiatient  in  the  nuitter  of  wages.  Generally 
they  are  not  cut  down  when  occasional  slack  times  oceurj  and  in 
consideration  of  this  it  is  expected  that  gratitude  will  discount 
their  ideas  in  times  of  jn*osperity,  and  that  they  will  not  be 
alertly  clamorous  for  a  raise.  Now,  the  most  tangible  evidence 
a  workman  generally  has  of  national  prosperity  is  an  iwivance  ir 
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the  price  of  everything  that  his  wages  go  for.  Jloney  as  a  rep* 
resell tation  of  value  is  considerable  of  a  failure,  as  far  as  he  is 
concerned.  The  one  thing  that  is  forced  npon  his  attention  is 
that  its  ]>urchasing  jx>wer  goes  down,  or  his  wages  actually  de- 
cease automatically  by  the  same  o]>eration  whicli  increases  the 
profits  of  the  nianufacturer  and  the  merchant.  How  can  he  then 
rejoice  in  the  prosperity  which  acts  as  a  minus  quantity  upon  his 
interests?  I  know  well  enough  thnt  no  one  is  to  blame  for  this 
thing.  The  wisdom  of  the  world  sim]>ly  is  as  yet  insufficient  for 
many  industrial  problems.  It  is  well,  however,  constantly  to 
remember  that  while  schemes  for  wage  reduction,  or  for  getting 


t 


Fm.  7§. 


as  much  work  for  aa  little  wage  as  possilJe,  may  have  a  place  in 
our  system,  it  is  stiU  very  necessary  that  w©  should  have  also' 

Sdrne  device  for  securing  all  around  increase  of  wages  sometimes 
when  such  is  only  simple  justice. 

Mr,  WilUam  J!!kinfjfff^)\~Mi\  Richarfls  must  have  advanced  his 
theory  for  the  purpoge  of  starting  a  discuasion.  It  is  directly 
O]>po8e<l  to  one  of  the  mo^t  elementary  principles  of  shop  prac- 
tice— i.e.f  '^  Iteduce  Your  Labor  Cost/'  and  also  to  every  custom 
t€)f  the  commcR^ial  and  matmfactiiring  workL  If  we  represent 
ftbility,  production  or  quantity  of  material  involved  in  a  sale,  by 
the  curve  A^  Fig,  IS,  \\v  shall  have  tlie  usual  rate  of  remunera- 
tion or  [profit  expressed  l>y  7?,  Exceptional  cases  may  run 
upward  as  at  (\  but  these  are  abnormaL 

A  man  i-eceiving  |3,00  per  day  is  usujdly  over  50  per  cent. 
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better  than  a  man  at  $2.00,  and,  as  shown  in  the  diagram, 
receives  less  in  proportion  to  his  ability. 

The  wage  problem  can  never  be  definitely  settled.  New  con- 
ditions of  manufacture  and  living  continually  arise  and  call  for 
new  adjustments.  The  premium  system,  all  things  considered, 
is  the  fairest  method  of  settling  the  problem.  A  concern  has 
the  satisfaction  of  knowing  that,  while  the  men  are  increasing 
their  own  rate  of  wages,  they  at  the  same  time  are  placed  in  a 
better  position  to  meet  competition.  One  of  the  natural  ten- 
dencies for  any  concern  is  to  reduce  the  selling  price  as  soon  as 
the  cost  of  production  warrants  it.  This  means  a  larger  bosi 
ness,  more  men,  and,  if  carried  out  to  its  logical  conclusion,  a 
benefit  to  the  first  wage-earner  who  finds  his  cost  of  living  de- 
creased while  his  wages  have  been  increased. 

A  foreman  who  would  set  a  piece-work  price  at  over  70  or  75 
per  cent,  of  the  day  cost  would  be  considered  unfit  for  his  posi- 
tion, and  even  then,  if  he  so  wishes,  a  man  can  usually  turn  out 
such  an  increase  that  his  wages  outrun  the  proportion  of  pay  to 
ability.  There  is  no  gift  proposition  about  the  premium  system. 
It  simply  ensures  that  instead  of  one  man  doing  the  thinking  for 
several  others,  each  man  is  paid  for  the  use  of  his  brains,  and  his 
wages  are  increased  according  to  the  usual  proportion  of  remun- 
eration and  ability. 

Mr.  ir.  I).  Ennis, — Mr.  llichards  makes  certain  statements  in 
which  I,  for  one,  cannot  acquiesce.  In  (12)  he  advances  the  idea 
that  there  are  two  degrees  of  industry,  each  of  which  is  entitled 
to  be  considered  '^a  fair  day's  work."  One,  he  says,  *Hhat  is 
recognized  as  such  and  accepted  as  satisfactory  all  around,"  and 
the  other  that  which  represents  the  ^'  extreme  limit "  of  a  man's 
possible  accomplishment.  My  experience  and  judgment  lead  me 
to  believe  that  there  is  for  each  individual  one  ''  fair  day's  work," 
representing  not  the  extreme  limit,  but  the  reasonable  maximum 
of  accomplishment  both  as  to  quantity  and  quality  of  product. 
To  get  this  maximum  out  of  his  men  is  the  business  of  every 
boss.  Piece-work,  premium  and  bonus  systems  are  methods  of 
helping  him  to  obtain  it. 

My  experience  with  piece-work  began  when  an  apprentice  at 
the  Rogers  Locomotive  Works.  The  system  was  introduced 
gradually.  No  pledges  were  made  with  regard  to  cuts.  Sev- 
eral cuts  were  made,  which — so  far  as  my  observation  extended 
— were  perfectly  just.     To  illustrate,  one  man,  not  a  machinist, 
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Ijut  41  day  laborer,  had  the  job  of  drilling  stay  bolts,  tinder  the 
day-work  system  he  was  iippai*eiitly  a  ])retty  steady  worker,  lie 
eiirned  $1,25  a  day.     Put  on  piece-^vork  his  wages  increased  to 

^_$3.(K)  and  §3,25,  lie  wits  cut  severely,  but  could  still  make 
12.25  per  day*  As  a  matter  of  fiujt,  be  worketl  no  harder  than 
by  the  day,  but  he  kept  his  wits  more  about  him.  Two  dollars 
ind  t%\*enty-five  cents  a  day  was  a  good  high  price  for  that  man, 

'He  had  simply  been  rubbing  it  into  the  Company — doing  about 
60  cents-  worth  of  work  a  day  for  $1.25.  Through  the  piece- 
work system  he  was  iIetectc*L  Fn fortunately  there  was  no  way 
of  getting  back  the  money  lost  by  his  former  dawdling.  That 
was  just  so  much  to  the  bad.  A  great  many  men  who  had  en- 
joyal  snaps  under  the  day-\vyrk  system  were  shrewd  enough  not 
to  giv^e  themselves  away  as  he  did.  They  would  laj^  back  in  the 
barneys  just  as  they  hatl  before.  Day-workei's  in  the  shop  got 
from  82.00  to  $2.:J0  a  day — piece-workers  were  expected  to  make 

^f5>,75  to  $3.00  (excepting  gang  foremen,  who  sometimes  I'an  up 
to  $5.00),  If  a  man  by  Friday  had  done  enough  work  to  bring 
in  a  pay  enveloi>e  of  about  J^1G,00  to  :^18JJU  he  would  lay  off 
Satuniay,  After  a  while  wlien  the  checking  sj^stem  was  per- 
fected, the  office  found  it  out,  and  there  were  more  cuts.  In 
tbb  cascj  just  as  in  that  of  the  man  drilling  stay  bolts,  the  cuts 

r:wei^  fully  justified.     The  men  had  lieen  swinfUing  the  bosses  for 

FTetirs.  Of  course  the  bosses  were  to  blame,  but  even  in  the  very 
best  supervised  shops  there  will  1>e  grafts  of  this  kind  pmcticecl. 
A  man  is  paid  for  a  full,  fair  day's  work.  In  the  illustration 
cited  by  Mr.  Richards,  where  the  employes,  by  reason  of  special 
inducement^  increaseil  their  output  from  10  to  15  wheels  per  day, 
I  think  the  average  foreman  would  eonclude  that  10  wheels  were 
not  and  never  had  been,  a  full  fair  day's  w^ork.  He  would  feel 
more  like  letting  those  men  out  for  playing  it  on  him  so  long  than 
paying  them  anything  for  the  5  extra  wheels.  The  men  were 
not  '*  equitably  paid ''when  they  turned  out  10  wheels;  they 
were  over|*aid»  The  '*  fair  and  equitable  price/'  which  it  is  the 
aim  of  the  piece-work  and  l>onus  systems  to  establish j  should  not 
be  biised  on  the  price  under  conditions  of  inefficient,  ha]>hazard 
day-work,  l>ut  upon  tlie  market  value  of  the  hdjor  necessary  to 
do  the  work*  This  is  not  measured  at  all  by  the  value  of  the 
lereased  output;  it  is  determined,  like  the  market  value  of  every 
>thor  labor  or  commodityj  by  the  price  at  which  it  can  lie  dupli- 
ited.     To  illustrate  :  A  day-worker  is  put  on  piece-work  and 
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swells  his  earnings  to  ?5. 
tbat  average  machinists  do 
ihms  more  or  better  work 


)0  \>er  day.  Now  ererv^body  laiows 
not  earn  §5,00  per  day.  If  this  man 
til  an  any  other  man  can,  he  wiH,  of 
course^  get  his  $5.00;  but  if  another  machinist  can  be  hired  for 
$3,00  who  can  do  the  same  amount  of  work  in  a  day,  the  $5,00 
man  cannot  expect  to  stay, 

Furthermorej  the  daily  output  under  the  piece-work  system  is 
not  entirely  due  to  the  skill  and  speed  of  the  expert  machinist. 
Some  recognition  must  be  given  the  plan  of  operation — the  facili- 
ties for  economical  work,  the  si>C€ialized  tools  and  equipment — 
provided  by  the  employer.  The  opiTortunity  of  working  at  one 
job  steadily  makes  a  man  especial  1}^  speedy,  without  perceptible 
increase  of  effort-  Shall  he  be  paid  excessively  for  an  advantage 
which  is  prondetl,  not  by  himself,  but  by  his  empoyler?  Is  it 
just  to  men  of  other  skilled  trades  to  have  machiniKts  drop  into 
a  gold  mine  where  they  can  pick  nj*  $4, 00  or  1^5.00  a  day  ?  Some- 
times an  unskilled  laborer  is  put  on  a  inachine  without  having 
served  his  time.  He  gets  accustomed  to  his  job  and  easily  earns 
$3.00  to  $4.00  a  day.  The  machinists  themselves  object  to  this. 
Yet  if,  as  Mr*  Ilichards  puts  it,  we  are  to  pay  according  to  the 
Talue  of  the  proiiuct,  we  ought  to  pay  this  laborer  just  as  much 
as  we  would  a  machinist.  The  truth  is,  it  is  not  the  volume  of 
the  prmluct,  but  the  value  of  the  tool,  that  we  pay  for  when  we 
buy  labor.  The  one  is  measured  by  the  other,  but  it  is  not  the 
same  as  the  other*  It  is  true  that  the  pro<luct  of  the  shop  is  paid 
for  according  to  its  volume;  hut  in  this  case  there  is  for  sale 
something  which  represents  far  more  than  any^  one  man's  muscular 
exertion.  We  arc  then  selling,  not  only  labor,  but  nivv  mate- 
rialSj  transportation,  snperintcndencej  reputation  and  brains. 
The  value  of  the  unit  of  produet-Yolmne  regulates  itself*  It  is 
determined  just  as  the  value  of  labor  is  determined  by  the  cost 
to  duplicate  it. 

It  has  not  been  my  experience  that  "  daily  wages  and  the  same 
wage  for  each  offer  nothing  at  all  to  induce  one  man  to  do  more 
than  another,"  In  the  most  conservative  of  day-work  shojTS 
there  are  inilucements  for  one  man  to  do  more  than  anotlier — 
the  inducement,  for  instance,  of  a  more  c^angenial  job,  or  that  of 
an  increase  in  pay,  or  that  of  promotion  to  a  more  responsible 
place.  It  is  true  that  there  is  not  enough  indacement  toward 
cKcellence*  Piece-work  and  premium  systems  are  trying  to 
make  more,   although    neither   system  can  long  countenance 
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flagrant  abuses  and  extravagances  without  making  cuts.  But 
])iec6-work  will  not  be  a  thonnigh  remedy  for  indolence.  The 
best  remedy  Is  tbo  one  that  lies  at  hand  in  every  department  of 
Ufe^ — to  make  men  realize  that  in  a  free  country,  industrial  castes 
are  not  fixed ;  that  there  is  room  for  every  man  to  rise.  The 
best  men  will  rise.  It  is  right  that  the  h>wer  ranks  in  the  trades 
should  be  couij^iaratively  unattractive*  Otherwise,  there  would, 
iudeed,  1«>  '*  nothing  at  all  ■■  to  induce  a  man  to  get  out  of  them, 
Promote  the  man  from  the  ranks, 

The  offer  of  the  pi'eniium  sj^steui  is  not  that  of  a  sharper  to  a 
siinpleton.  It  is  tlie  offer  of  a  man  who  has  a  correct  judgment 
of  tlio  value  of  lahor  and  gootls  to  one  whose  maximum  reason- 
able energies  he  pmposm  to  (lay  for.  Piece-work  is  impracticable 
\Wtliout  cuts.  The  best  ty]>e  of  progressive  workman  is  not  tlie 
man  who  has  l^een  loafing  all  his  life  and  who  is  silly  enougli  to 
let  the  fa€t  be  known  for  the  sake  of  making  lug  wages  iluring 
a  single  week  or  two,  but  the  man  w^ho  aims  all  the  time,  whether 
on  piece-work  or  day-work,  to  produce  work  of  quality  ^ind  quan- 
tity which  will  command  for  him,  in  one  place  or  another^  the  Ijest 
wages  ])aid  to  men  of  his  trade.  That  kind  of  a  man  gets  recog- 
nition every  time. 

Mr.  K  &  Bfiyer.—lt  seems  to  me  that  Mr.  Kichards  has  as- 
sumed that  when  each  man  turns  out  10  wheels  j>er  day,  the  men 
are  turning  out  a  quantity  wliich  might  be  ex]>ected  from  the 
averayt'  workman.  The  truth  of  the  matter  is,  however,  that 
the  avemge  output  is  piTibably  never  know^n  until  the  premium 
plan  has  Ijeen  put  into  effect.  Mr,  Richards  admits  that  it  is  the 
tendency  of  the  workman  to  do  only  the  amount  of  work  neces- 
SJiry  to  hold  the  job,  and  as  the  labor  organizations  require  the 
same  pay  for  each  man  doing  the  same  kind  of  work,  the  ten- 
dency of  the  men  is  to  w^ork  to  the  standard  of  the  least  ctticiont 
workman  rather  than  to  that  of  the  average  ^vorkman. 

Let  us  assume  that  there  are  three  men,  A,  li  and  C,  each  run- 
ning a  lathe,  the  lathes  precisely  alike,  and  each  turning  out  the 
same  funount  of  work  ]>er  day*  We  will  us^Hume  that  this  ^vork 
is  the  boring  and  turning  of  10  wheels  of  a  sjiecial  style.  The 
^vagei^  of  each  man  is  $o.00  pei*  day.  The  total  number  of 
wheels  turned  uut  is  30^  and  tlie  total  labor  cost  ir^  S^****0.  The 
labor  eost  of  each  vrheel,  therefore,  is  30  cents,  and  the  average 
4iutput  ]^r  man  per  day  is  10  wheels* 

Noiv  at  the  end  uf  the  ti^st  day  that  the  premium  plan  haa 
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been  in  effect,  we  would  probably  find  that  A  has  turned  out 
14  wheels,  B  12  wheels,  and  C  10  wheels.  If  we  give  a  premium 
of  half  the  labor  cost  on  the  increased  output,  A's  premium  would 
be  60  cents,  B's  30  cents,  and  C,  of  course,  earns  no  premium. 
We  have  obtained  a  total  output  of  36  wheels  per  day  at  a  cost 
of  $9.90,  or  an  average  cost  per  wheel  of  27^  cents.  We  have 
also  learned  that  tlie  average  output  per  man  per  day  is  12  wheels. 
In  other  words  when  we  recjuired  an  output  of  only  10  wheels 
per  day  we  were  working  to  the  standard  of  the  least  efficient 
man.  The  effect  of  the  premium  plan  has  shown  us  that  the 
average  output  per  man  is  12  wheels  per  5ay,  and  if  we  agree 
with  the  labor  organizations  that  $3.00  per  day  is  a  fair  price 
for  the  average  workman  on  this  amount  of  work,  why  have  we 
not  the  right  to  recjuire  the  average  output  ? 

Now  if  A,  B  and  C  each  finish  12  wheels  per  day,  the  total 
output  would  be  36  wheels  and  should  cost  the  employer  $9.00 
or  25  cents  per  wheel.  Comparing  this  figure  with  the  average 
labor  cost  of  each  wheel  wlien  the  employer  requires  an  output 
of  10  wlieels  per  day  and  pays  a  premium  of  half  the  labor-cost 
on  each  additional  wheel,  you  will  note  that  under  this  premium 
plan  the  employer  is  paying  2^  cents  i>er  wheel  more  than  he 
justly  should. 

Mr,  II,  M,  Xorriif. — I  have  somewhere  heard  a  jingle  which 
runs,  as  nearly  as  I  recall,  as  follows  : 

Some  say  the  world  is  Iwid 

As  others  try  to  make  it, 
But  whether  it  is  good  or  bad 

Depends  on  how  you  take  it. 

which,  I  think,  applies  to  one's  opinion  of  the  relative  merit  of 
the  two  systems  under  discussion.  Almost  any  system  can  be 
made  to  apj)ear  better  than  another  when  conclusions  are  drawn 
from  comfmrisons  based  on  assumj)tions,  but  conclusions  thus 
reached  are  apt  to  l)e  far  astray  from  the  actual  results  derived 
from  a  practical  application  of  the  system. 

Mr.  Richards  apj)ears  to  lav  great  stress  on  the  '^  justice  and 
propriety  "  of  paying  ^>/y>  rata  for  all  work,  Ijut  I  fail  to  see  why 
he  concerns  himself  with  questions  of  this  sort.  If  it  takes 
5  hours  to  machine  5  pieces  of  work,  what  possible  difference 
does  it  make  to  the  workman  whether  he  is  paid  40  cents  for  the 
first  piece,  35  cents  for  the  second,  30  for  the  third,  25  for  the 
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ij  and  20  for  tho  fiftli,  or  at  a  pro  rata  Kite  of  30  cents 
I?    The  result  is  iclentieaL  as  is  that  derived  from  the  jutHre- 
work  and  preTiiiiiiii  systemic — pnmkJed  one  kmnm  how  t^jji^  ^uU- 

It  is  customary,  I  belie%-e,  to  fix  piece-work  prices  20  per  cent, 
lower  than  tho  work  cost  when  made  by  the  day,  while  under 
the  premium  plan  the  time  limits  are  usually  fixed  according  to 
the  time  si>eut  on  the  work  under  the  day's* work  plan*  Com- 
|>aring  the  earnings  of  Mr.  Ixichards*  two  men  on  this  basis,  we 
find  that  the  residt  is  quite  different  from  that  shown  by  him — 
jtliat  instead  of  the  workman-s  earnings  teing  greater  under  the 
>ieoe-work  systemj  they  are  4  per  cent,  greater  under  the  pr©- 
mium  plan,  as  per  figures  below,  in  which  the  premium  is  figured 
at  one- half  of  wages  : 

Pnanlnra  Pliui.  Htne    Work. 

Interest  ott  lithe  and  pltint.  ..*,.,  .03  .^ 

power  &rid  operating  expenses, «« » ,  ,35  .«i^ 

Office  expenses, .    ,., .,.,...,.  *50  .50 

Waf€B  at  time  Umit  of  1  Imiir  eacb  3.75 

Wi^ee  at  24  centa  per  wheel  ,....-  ♦ .  * . .  8,60 

Total  cofit  per  day |5,25  ti5  10 

From  which  it  would  appear  that,  properly  ailniinistered, 
either  mjittem  is  equaUy  fair  to  men  of  equal  ^kilL  We  know, 
lowever,  that  there  is  not  in  one  of  our  works  two  men  who  are 
iblo  to  produce  an  ecjual  amount  of  good  work  within  any  given 
period  of  time^  and  it  is  due  mainly  to  this  fact  that  the  premium 
uplan  has,  in  the  opinion  of  so  many,  proven  superior  to  the  older 
rB3'sti:^m, 

For  example,  &u]>|>03e  the  rate-fixing  department  estimates  that 
10  hours  in  a  fair  allowance  for  cutting  a  lot  of  IG  gear's,  and 
that  it  is  willing  to  pay  a  pi^emiiim  of  0  cents  per  hour  if  the 
work  is  gotten  out  in  this  time-  The  time  limit  would  then  bo 
fixed  at  10  +  [(10  x  J)9)  -^  .15]  —  10  hours,  while  if  the  work 
were  to  l>e  given  out  under  the  piece*work  system  the  depart- 
ment woud  probably  ligm^j  as  follows  :  [10  (.30  +  .09i]  '^  Ifl  :=^ 
24f  cents  eachj  in  which  event  the  average  premium- worker 
would  be  exfiected  to  earn  [A5  (16  -  10)  +  (.SO  x  10)]  ^  10  = 
$  ,W  jier  hour,  while  the  average  ]uece- worker  would  earn 
(16  X  .M|J  -^  10  =  $  -St*  i)er  hour  also. 

So  far  so  good,  bnt  the  next  lot  is  assigned  to  workmen  who 
cousmne  12  hours  in  performing  the  work.    The  premium- worker 
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then  earns  [.15  (16  -  12)  +  (.30  x  12)]  -4-  J2  =  $  .35  per  hour, 
while  the  piece-worker's  earnings  are  but  (.24f  x  16)  -r-  12  = 
$  .32i  per  hour. 

Now  let  us  suppose  that  the  next  time  the  job  is  assigned  it 
falls  into  the  hands  of  the  two  best  men  in  the  shop,  who  get  the 
Avork  out  in  8  hours.  The  premium-worker  would  then  earn 
[.15  (16  —  8)  +  (.30  X  8)]  -r  8  =  $  .45  per  hour,  and  tho  piece- 
worker (.2-tf  X  16)  ^  8  =  $  .-181  per  hour.  Putting  these  sev- 
eral results  in  the  form  of  a  table,  we  see  that 


System  under  which  Work  in  Performed. 

KIND  or  WORKMAN. 

Poor. 

Fair. 

Best. 

Piece  work 

.32^ 
.35 

.39 
.30 

.48f 
.46 

Premium  plan 

if  the  rates  are  right  for  the  ''Fair"  workman,  the  '^Best" 
men  earn  most  under  the  piece-work  system,  while  the  ^'  Poor" 
ones  earn  most  under  the  ])remium  ])lan.  Under  the  latter  the 
''Best"  men  earn  10  cents  per  hour  more  than  the  "Poor" 
ones,  while  under  the  former  the  "Best"  men  earn  16^  cents 
per  hour  more  than  the  "Poor"  ones,  which,  to  my  mind^  is 
a  grave  fault,  in  that  it  offers  too  little  encouragement  to  the 
j)()or  men,  and  overpays  tlie  best.  By  "overpays"  I  mean 
that  it  rewards  tlie  men  more  tluin  necessary.  The  object  of 
both  systems  is  to  reduce  cost  to  tlie  lowest  possible  figure,  and 
tlie  question  is  how  much  must  l)o  paid  to  effect  this  reduction. 
If  too  little  is  offered,  the  object  will  fail,  while  if  too  much  is 
offei'ed  the  surj)lus  is  a  direct  loss. 

Itate-fixing,  at  best,  is  always  more  or  less  a  matter  of  edu- 
cated guessing,  and  other  things  being  equal,  that  system  is  best 
which  best  protects  both  parties  to  the  agreement.  Suppose 
that  instead  of  the  best  men  taking  8  hours  for  inachining  the 
above  lot  of  gears  they  got  them  out  in  5  hours,  the  premium- 
worker  would  receive  [.15  (16  —  5)  +  (.-^0  x  5)]  -^  5  =  $  .63  per 
hour,  while  the  piece-worker  would  receive  {.24:'^  x  16)  -t-  5  = 
$  .78  per  hour. 

The  first  increases  his  earnings  2.1  times,  while  the  second  in- 
creases his  2.6  times,  which,  in  my  judgment,  is  the  opposite 
from  "fair  and  equitable."  Errors  in  rate-fixing  are  bound  to 
occur  under  either  system,  and  if  the  workman  has  an  advantage 
when  a  rate  is  fixed  too  low,  it  is  no  more  than  fair  that  the 
manufacturer  should  have  an  advanttige  when  the  rate  is  fixed 
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too  higlu  It  is  presuiJKitlj  of  course^  that  neither  will  seek  an 
attvnnUigo  over  tlie  otlier. 

Mr.  Kichards  admits  that  'Uhe  premium  plan  is  to  be  admired 
for  tho  sweetiieBS  of  its  approach  and  its  avoidance  of  anything 
but  pleasant  siigg^estions/'  which  is  certainly  one  point  in  its 
favor.  He  must  also  admit  tliat,  since  there  is  less  flnctuation 
in  tho  men's  earnings,  less  care  is  required  in  fixing  the  rates^ 
which  will  bo  two  fwiints  gained.  And  he  can  probably  be 
brought  to  achnjt  that  a  I'ate-fixerj  realizing  that  each  time  a 
piece  price  is  fixed  too  high  tho  firm  will  have  to  pay  exorbitant 
ivages  as  long  aj?  the  work  is  manufactured,  will  endeavor  to  err 
tlie  other  way  and  fix  tho  rates  too  low,  thereby  curtailing  e very • 
one's  average  earnings,  in  which  event  he  mast  concede  a  thinl 
]ioint»  and  it  is  my  firm  l>elief  that  the  further  he  carries  these 
comparisons  the  sooner  be  will  join  the  ranks  of  the  advocates 
of  the  premium  system. 

Mr,  JL  L.  (inn  ft — ^To  take  up  even  the  most  ])ointe*l  issues 
Mr,  Kichards  ollei^  would  re<paro  too  much  tiine^  but  the  state- 
ment in  paragraph  2  that  workmen  take  no  interest  in  their  work 
and  have  no  de-sire  to  do  better,  is  the  reverse  of  the  experience 
of  the  writer  with  men  working  under  jfn'mHfief}t  piece  rates,  or 
the  Bonus  System,  If  Mr,  llichHrds  Lad  read  Mr,  Taylor's 
paiier  on  a  '*  Piece  Rate  System,"  or  my  jmper  on  **  A  Bonus 
System,'^  and  attempted  to  verify  the  statements  made  in  them, 
he  would,  I  think,  have  left  a  large  part  of  his  paper  imwritten. 
Tho  second  is  an  outgrowth  of  tlie  flrst^  and  is  simply  an  attempt 
to  carry  out  the  same  principles  in  a  more  elastic  manner. 

As  the  Bonus  System  has  been  stigmatized  as  a  gift  proposi^ 
tion,  I  shall  con  line  my  remarks  to  a  description  of  the  principles 
on  which  it  is  based,  and  leave  to  the  members  the  question  of 
as)(jigiiing  it  to  its  proper  category* 

Our  object  is  tii  buy  lalKir,  and  before  attempting  to  do  so, 
weshoiihl  try  to  find  out  as  nearly  as  ]»ossiljle  on  what  conditions 
those  who  have  it  for  sfile  will  put  it  at  our  flisposaL  A  study 
of  the  subject  from  statistics  revealSj  among  others,  the  following 
facts  about  the  ordinary  workman  ; 

1.  For  a  fixed  daily  wage  he  will  seldom  do  more  than  a  fnic* 
tion  of  tlie  work  he  can  do. 

2.  He  usually  follows  very  closely  the  methods  which  he  has 
been  taught,  and  is  generally  incapable  of  improving  them  to  any 
great  extent  without  assistance. 
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3.  He  is  generally  satisfied  to  jog  along  acconling  to  his  old 
methods  at  his  habitual  s{K^ed  for  a  specific  day's  pay,  but  will 
generally,  if  a  sufficient  financial  inducement  be  offered,  work  to 
bis  fall  ca]>acity  and  foUow  exactly  instructions  laid  down. 

4.  This  additiomd  incentive  has  been  found  by  exjierience  to 
Yar}^  with  the  class  of  work  from  2(}  per  cent,  to  80  |>er  cent,  of 
his  day 's  pay< 

If  the  work  is  light  and  the  workman  is  not  physicmUy  tired 
at  the  end  of  the  day,  this  extra  compensation  may  be  as  low  as 
20  per  cent-  As  an  actual  example  of  this  cliiss,  I  may  cite  the 
running  of  a  metal  saw,  in  which  the  extra  labor  of  the  work- 
man is  making  changes  quickly  and  seeing  that  his  niachine  is  in 
condition  to  do  its  best  work.  If  the  work  is  such  that  the  man 
becomes  physically  tiretl  at  the  end  of  the  day,  this  extra  incen- 
tive must  be  from  30  jK*r  cent,  to  50  per  cent*  The  running  of 
ordinary  machine  tools  such  as  lathes,  planers,  slottei^s  and  drill- 
pressesj  come  under  this  beail,  as  do  most  lands  of  ordinary 
laboring  work,  such  as  shovelling  coal,  sand,  ore,  etc.,  the  hand- 
ling of  iron,  tlie  chijiping  of  castings,  etc. 

If  J  in  addition  to  l>ecoming  i>hysically  tired,  the  workman  has 
to  be  subject  to  unpleasant  conditions,  such  as  excessive  heat, 
smoke  or  gases,  he  requires  a  higher  incentive  to  make  him  do  all 
he  can.  From  00  ]yer  cent,  to  80  per  cent,  will  cover  the  usual 
conditions  of  blacksmitliing,  liamrnering,  and  work  around  fur- 
naces. As  an  exiimple  of  an  extreme  case,  I  may  cite  the  ham- 
mering of  tool  steel,  which  falls  within  these  limits- 
There  are  nndoubtedly  conditions  that  call  for  a  higher  extra 
compensation,  but  what  I  have  citetl  will  answer  my  puqiose  of 
illustration. 

The  conclusion  from  the  above  statements  is  that  no  matter 
what  the  work  is  or  how  slowly  it  is  being  done  by  ordinary  day 
work,  we  can,  by  determining  the  proper  amount  for  a  full  day *s 
work  and  offering  a  suitable  compensation  for  its  accomplish- 
ment, get  a  large  number  of  ipcu  who  will  work  at  the  increased 
speed  in  oi\ler  to  earn  the  reward  which,  for  want  of  a  better 
name,  I  have  ctdled  a  hmins. 

The  problem  of  determining  a  full  day^'s  work  has  been  studied 
very  thoroughly  by  Mr.  Taylor,  and  in  his  paper  on  a  ''Piece 
Rate  System  "  the  subject  of  investigation  has  been  gone  into, 
and  the  necessity  of  educating  the  workman  to  follow  the  direc- 
tions of  the  expert  fully  explained. 
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In  my  paj>er  on  the  **  Bonus  System/'  I  have  shown  how  this 
ethicHtIng  can  lie  done  hy  Instnictitin  cards,  Avhich  serve  also  as 
jiermanent  recA>rtls  of  expert  work.  When  my  p*i[>er  on  the 
**  Bonus  System"  was  read  last  year,  a  number  of  j>eo}ile  said 
tlio  jmnciph:*s  liad  l»een  a]>plial  only  to  certain  classes  of  work, 
and  were  ni>t  generally  apijlieahlo.  Smm  after  mmling  the  paper 
referred  to^  the  writer  had  the  opportunity  to  go  with  the 
Ameriean  Locomotive  Company  as  Consulting  Engineer,  ami 
realissing  that  if  the  prineipies  were  applicable  to  hx^omotive 
building  they  would  1>e  universally  applicable,  he  acceptetl  the 
|K)sition  at  once. 

On  account,  however,  of  tlie  large  amount  of  preliminary  work 
it  was  necessary  to  do,  and  tlie  fact  that  all  the  plants  of  the 
combine  except  one  had  in  satisfactory  operation  a  system  of 
jiiece  or  contract  work,  the  field  for  the  *ip]>lica,tionof  the  Bonus 
System  itself  was  limited  to  the  one  plant  wliich  w*as  lieing  oper- 
ated on  (lay  work,  I  am  able  to  say  that  in  this  ]>lant  the  system 
has  lieen  sucjcessfidly  started,  and  not  only  are  those  men  to 
whom  it  lias  been  applied  }>leaseil,  Imt  their  neighbors  are  jmsh- 
ing  their  machines  harder  than  they  ever  did  l)efore,  with 
the  hope,  evidently,  that  they  will  be  chosen  next.  This  is 
exactly  the  reverse  of  the  effect  jiroducetl  by  t]ie  ordinary  piece- 
urork. 

I  should  dr>  the  sul>ject  an  injustice,  however,  if  I  should  stop 
here,  for  a  certain  amount  of  work  based  on  the  principles  of 
the  Bonus  System  with  Instruction  cards  is  Ijeing  done  in  other 
plants  of  the  American  Locomotive  Company,  and  Mith  snch 
success  that  at  the  request  of  one  of  our  superintendents  I  have 
recently  been  to  a  steel  foundry  furnishing  hitn  with  castings  to 
help  tiiem  adopt  the  ayst-em  to  their  work,  with  the  hope  on  the 
part  of  our  sut>erintendent  that  he  will  get  liis  stt*el  castings  with 
the  same  satisfaction  that  he  now  gets  iron  castings  from  his 
own  foundry.  Those  satisfactory  results  are  gotten  by  kee{jing 
a  daily  bahince  of  work  done,  on  a  sheet  which  serves  the  same 
enil  for  a  whule  onler  that  the  Instruction  card  does  for  work 
on  a  single  piec*e  in  one  machine.  By  means  of  such  a  sheet,  or 
sei'ies  of  slieets,  we  are  emible^l  to  compare  graphically  each  day 
what  has  l*een  done  with  u  hat  ought  to  have  been  done,  and  use 
otir  energies  in  pushing  forwaM  that  wdjich  is  behind.  Natu- 
ndly,  sucli  a  sheet  shoultl  be  first  introduced  in  tlie  foundry  and 
the  forge,  for  to  ship  a  locomotive  on  a  certain  day  each  casting 
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and  forging  must  be  uiade  a  deflnite  length  of  time  before  that 
day  to  allow  for  machining  and  ei*ecting*  Such  a  sheet  for  the 
foundry  shows  the  date  each  easting  should  be  made  and  is  made, 
and  a  projier  series  of  sheets  for  the  machine  and  erecting  shops 
show  the  route  each  piece  shouhl  take,  and  the  rate  of  ]>rogress 
it  Bhould  make  to  arrive  at  the  erecting  shop  in  time  to  be  incor- 
porated without  delay  in  the  locomotive.  This  series  of  sheets 
may  be  likened  to  a  train  schedule,  the  Instruction  cards  being 
directions  or  time  tables  in  detail  for  moving  each  portion  of  the 
work,  the  most  important  point  being  to  avoid  delays  in  making 
connections.  Having  gotten  the  seliedule  in  such  shape  that  we 
can  make  connections  promptly,  the  next  effort  of  the  manufac- 
turer is  to  shorten  the  time  of  each  piece  over  its  route  as  much 
as  possible.  This  can  be  done  by  shortening  the  time  on  each 
element  of  the  route  as  re|>resented  l»y  an  Instruction  canl,  and 
l)y  changin/^  the  route.  Both  of  these  operations  in  manufactur- 
ing are  best  done  by  experts,  here  again  bearing  out  the  analogy 
to  a  railroadj  and  new  Instruction  cards  and  schedules  made  out. 
The  compensation  set  for  f allowing  these  Instruction  cards  must 
be  made  satisfactory  to  the  workman,  or  the  piece  will  not  move 
prom]>tlv.  The  foi'eman  who  sees  that  the  pieces  pass  through 
his  territory  on  schedule  time  should  also  get  additional  com  pen  - 
sation  for  efficiency.  Thus  the  whole  system  protluces  harmony, 
the  foremen  lieing  instructors  antl  h6li>ers  rather  than  drivers, 
for  their  interest  and  that  of  the  men  is  the  same. 

I  do  not  pretend  that  what  I  have  outlined  is  all  in  operation 
in  one  |>lace;  that  would  be  more  than  the  most  sanguine  could 
hope  for  as  the  restdt  of  less  tlian  a  year's  work^  but  1  can  point 
to  nearly  everything  in  operation  somewhere^  and  the  best  feiu 
tnre  of  the  whole  subject  is  the  hearty  co-opemtion  of  all  con- 
cerned  when  they  have  once  grasped  the  idea  and  got  it  started. 
The  foreman  of  a  foundry  where  this  has  been  started  told  me 
that  his  Job  was  much  more  pleasant  than  it  had  beeUi  The 
order  in  ^rhich  his  work  was  wanted  had  been  tixed^  and  he  was 
not  bothered  by  people  who  thought  that  they  ought  to  be  served 
fii*st.  The  foreman  of  the  machine  shop  in  the  same  plant  told 
me  that  his  running  around  had  been  cut  in  half. 

In  other  words,  exact  instructions  and  records  in  place  of  judg- 
ment and  memory  will  put  responsibility  where  it  belongs,  and 
give  credit  where  it  is  due.  To  sum  up  the  subject  then,  the 
Bonus  System  consists  simply  in: 
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1.  IlaviDg  every  pvobleni,  big  or  littlej  investigated  by  the 
best  experts  available* 

2.  Teaching  the  results  of  the  expert  investigation  to  those  not 
callable  of  making  it, 

3.  lie  warding  such  men  as  sliow  themselves  able  and  willing 
to  carry  out  the  methods  adopted. 

The  direct  results  are:  Increase  in  quantity  of  output;  in- 
crease in  economy  of  output;  increiise  in  efficiency  of  worlimeii. 

An  indii'ect  result  of  the  keeping  the  exact  records  that  such 
a  system  demands  is  the  moral  effect,  for  in  the  daily  balancing 
of  accounts  everything  comes  to  light,  and  he  who  prefers  dark- 
ness finds  the  conditions  unpleasant.' 

As  St) me  will  ask  about  the  amount  of  clerical  work  needed , 
I  m%Ut  as  well  answer  it  now*  The  subject  of  shop  records 
and  shop  accounting  has  until  lately  been  given  so  little  atten- 
tion that  the  ordiuary  ineth<nls  are  very  crude,  for  tbe  reason 
that  few  shop  men  are  expert  bo<ikkeepers,  and  few  bookkeepers 
tnow  tile  Deeds  of  the  shop,  I*y  the  adoption  of  motlern  methods 
the  clerical  work  I  have  indicate*!  can  usually  be  done  by  the 
Time  and  Cost  Dejmrtment  in  addition  to  their  regular  workj 
\rithout  additional  clerks,  ami  souietimes  with  fewer. 

Mr.  11.  Z.  ijiUitU—X  want  to  say,  in  supplement  to  the  fore- 
going written  contribution,  that  the  ideas  expressed  are  the 
ilevelojiment  of  a  great  deal  of  work.  Jlr.  Fred.  Taylor-  began 
tJiJs  work  about  twenty  years  ago.  I  myself  have  been  doing 
it  for  aljout  fifteen  years.  In  one  place  I  stat^  that  nearly  all  of 
the  ideas  which  are  suggeste*!  are  io  operation.  That  discussion 
was  writttm  some  ten  tlays  ago*  I  can  say  now  that  I  can  erase 
the  word  '^  neai'ly,''  and  say  that  all  of  tliose  things  ai^  in  opera* 
tion  somewhere,  and  the  people  who  are  using  them  are  very 
much  pleased  with  the  methotls  M'hich  they  are  using,  and  are 
gDJjig  to  carry  them  out.  I  have  with  me  a  certain  numlM?r  of 
recM^jrds,  which  show  how  the  work  is  being  done,  and  shall  be 
rery  glad  to  explain  to  anybmlv  who  is  interested, 

Mt,  Vhm.  F.  M^-O^iU.^lt  seems  to  me  that  one  question  has 
been  lost  sight  of  in  this  discussion.  My  experience  has  been 
that  with  the  piece-work  system,  as  it  is  carrie+l  out  to-day,  pro* 
dnctioii  is  restricted,  and  that  we  are  trying  for  an  increaseil 
pHM^luction  most  of  us  will  adudt*  To  illustrate,  from  my  own 
cperienee,  in  going  through  a  shop  under  my  charge,  a  man 
*^ho  hud  ivorked  at  the  business  probably  thirty  years,  met  me 
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and  remarked,  ''  I  have  got  two  hours  to  loaf."  This  was  aboat 
four  o'clock.  I  naturally  wanteil  to  know  how  that  came  in, 
and  he  said,  *'  This  particular  iriece  of  work  that  I  am  doing  is 
paid  for  at  the  rate  of  ten  houi^s,  everything  has  gone  right  with 
me  to-day,  and  I  have  finished  it  in  eight  hours,  and  I  know^, 
and  I  think  you  know,  that  if  I  put  in  my  time-card  showing 
eight  hours  on  that  piece  of  work,  the  next  time  I  get  it  I  am 
going  to  get  a  price  ecjual  to  eight  hours,"  and  I  could  not  dis- 
pute him.  As  another  illustration,  I  remember  an  instance  where 
certain  workers  were  told  that  they  would  be  allowed  to  make 
more  wages.  When  Avord  was  given  out  to  different  foremen 
that  their  employees  could  ])ut  in  so  much  more  in  the  way  of 
Avages,  some  of  them  remarked,  ''  Well,  we  have  heard  that  be- 
fore ;  he  could  talk  for  several  days,  but  Ave  know  we  will  be  cut 
if  Ave  do  it." 

This  is  wrong  in  principle,  and  goes  to  prove  the  assertion 
that  the  piece- Avork  system,  as  carried  out  in  most  places,  tends 
to  restrict  production. 

A  Avorkman  does  not  need  to  have  his  prices  cut  many  times 
l)efore  learning  how  inuch  he  is  alloAved  to  make,  and  gOA'^eming 
himself  accordino;lv. 

When  a  man  conies  and  asks,  ''How  much  am  I  allowed  to 
put  in  for  a  day's  work,''  it  doesn't  sound  well? 

I  am  satisfied  Avhere  the  i)i(3ce-work  system  is  carried  out  as 
I  have  described,  by  a  change  to  the  premium  plan,  production 
could  be  increased  20  ])er  cent-- 1  think  there  could  be  more  of 
an  increase  made  than  that.  The  idea  that  Ave  should  be  honest 
Avith  our  men  is  a  good  one.  The  fact  that  we  are  not  is  very 
])lain  to  eveiybody.  The  men  know  it.  The  man  knoAVS  that 
if  he  makes  more  than  a  certain  pi'oi)ortion  his  price  Avill  be  cut. 
If  he  kncAv  that  it  Avould  not,  there  would  not  be  any  object  in 
his  restricting  production.  His  endeavor  would  be  to  get  out  all 
he  could.  This,  Ave  know,  is  not  the  case  as  the  piece-work  sys- 
tem is  carried  out. 

Mr.  F.  11,  liofji/r, — There  is  one  ])hase  of  this  premium  for 
piec^e  work  which  has  not  been  brought  out  in  discussion.  I  am 
AA'here  I  can  see  men  Avho  are  sent  out  foi*  the  erection  of  Avork, 
engines  and  machinery.  When  the  estinuite  is  made  up,  there 
is  a  certain  i^ercentage  put  in  for  the  cost  of  the  erection.  Now, 
Avhen  that  erecting  engineer  goes  out,  you  do  not  get  a  chance 
to  see  him  for  two  Aveeks  or  tAvo  months,  as  the  chance  may 
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occur,  but  if  he  comes  back  with  his  sheets  showing  a  certain 
percentage  less  than  he  estimated  for  the  erection  of  the  work, 
be  gets  a  per  cent,  of  the  amount  saved*  What  does  it  mean  ? 
It  means  that  that  erecting  foreman  is  watching  his  deliveries  of 
freight.  It  means  that  he  is  constantly  in  consultation  mth  the 
office.  It  means  that  lie  is  employing  only  the  best  men.  It 
means  he  does  not  permit  them  to  sraoke  nor  to  idle  their  time 
away,  and  the  contracting  party  gets  the  benefit  of  his  watchfiil- 
ness  and  he  also  gets  the  benefit.     It  has  been  a  suc<3ess. 

Mr.  II.  IL  SupUt\—\rk  paragraph  5  of  his  paper^  Mr.  Kichards 
calls  attention  to  the  fact  tliat  we  do  not  use  gift  propositions  in 
our  own  every-day  transactions,  and  ho  suggests  that  \k%  might 
use  a  bonus  system  for  rewarding  the  grocer,  or  a  premium  plan 
of  paying  for  beef,  etc»  I  think  Mr,  nichards  has  got  hold  of 
the  wrong  end  of  that-  The  premium  is  the  other  way.  People 
who  want  us  to  deal  with  them  offer  a  lower  price. 

ihl,  K  D.  Meier. — I  think  that  both  the  writer  of  the  paper, 
Mr*  Richanls,  and  some  of  the  debaters  take  a  somew^hat 
Utopian  view  of  the  situation.  Mr*  Richards,  probably  on  ac- 
count of  his  long  servica  in  the  same  shop  and  his  rise  there,  has 
ereat-ed  a  feeling  among  the  w^orkraen  which  enables  him  to  do 
things  which  perhaps  the  average  man  coming  into  a  new  shop, 
and  especially  a  large  shop,  cannot  do.  We  are  very  often  in 
a  situation  where  we  cannot  choose  the  nien<  We  have  to  take 
the  men  as  we  iind  thein.  It  is  very  difficult,  esjieciaUy  in 
times  of  prosperity,  to  get  more  men.  It  is  not  a  question  of 
discharging  a  man  and  getting  another.  You  cannot  get  an- 
other, and  therefore,  I  think,  the  bonus  system,  as  proposed  and 
elucidated  by  Mr.  Gantt,  is  the  best  solution  of  the  problem. 
We  cannot  ignore  the  fact  that  labor  unions  tend  to  restrict  pro- 
(luction  by  making  the  pay  of  the  pooi'est  workman  the  same  as 
that  of  the  best^  which  kills  individual  ambition  and  energy.  I 
think  the  bonus  system  a  very  pmctical  way  of  meeting  that, 

Mr*  Richards — I  w*jnld  like  to  correct  one  assumption  of  the 
last  speaker.  My  experience  is  of  several  shops  of  different  char- 
acter^— not  of  one  shop.  I  meant  the  American  machine  shop  as 
a  generic  terra.  My  experience  has  been  in  several  shops  of  very 
different  eharacter. 

Jffr.  Gantt — A  member  has  said  he  wants  to  know  what  has 
ibe^n  s]>ent  on  any  job  at  the  end  of  the  year.  I  want  to  know 
Ht  the  next  day.     We  cannot  correct  it  if  it  is  away  behind.     I 
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want  a  daily  balance  of  what  goes  on.  I  want  to  know  how 
Tiiuch  was  s|*ent  yesterda3%  and  I  am  so  far  eneouraged  as  to 
bave  a  man  tell  me  in  the  last  two  or  three?  days  that  he  hojies  in 
the  nejt  three  or  four  months  that  he  will  be  able  to  tell  what 
money  has  been  spent  in  the  whole  plant  on  misGelhvne<3US  work 
by  noon  the  next  day,  and  what  it  has  been  spent  for.  Mr* 
Rogers  says  he  has  instituted  the  premium  system  here  and  there, 
and  as  soon  as  he  left  it  was  gone — all  wiped  out,  1  have  to  say 
that  I  have  been  visiting  eight  plants  (hiring  the  last  ynar,  and 
in  four  of  those  plants  some  of  these  principles  which  J  have  illus- 
trated have  been  put  in  operation.  Personally  I  have  not  made 
a  stroke.  I  ol>ject  to  doing  a  single  hit  of  it  myself.  I  insisted 
that  the  [»eople  should  untlerstand  what  it  meant,  iind  that  tliey 
should  do  it  if  they  wanted  it.  I  dkl  not  have  the  authority  to 
say,  '^You  gentlemen  must  do  this,""  I  weis  idlowed  to  go 
around  and  see  if  I  could  do  anything.  They  told  nie  at  first 
that  they  did  not  believe  in  what  I  was  talking  about  Nobody 
was  interesteil.  Finidly  ono  concern  said,  ^'We  are  having 
trouble  with  our  foundry.'-  I  said,  **  AH  right,  gentlemen^  then 
try  the  daily  balance  that  I  suggested  in  your  foundry.'*  They 
trietl  it  in  their  foundry  work,  and  in  two  months  they  made 
the  statement  that  they  are  going  to  extend  the  same  principles 
throughout  the  works,  and  asketl  me  if  I  would  not  go  to  the 
steel  foundry  where  they  are  getting  the  steel  castings,  and  see 
if  I  could  not  i>ersuade  those  people  to  do  the  same  thing'  in 
ortler  that  they  may  get  their  steel  castings  when  they  want 
them.  That  is  the  condition  of  affairs,  and  it  is  because  I  do 
not  attempt  to  do  these  tilings  !uys(3lf — ^if  I  am  ]>art  of  the  organi- 
zation all  right,  buL  if  I  atn  not  part  of  the  organization,  it  must 
be  done  thi-ough  the  organimtion  as  it  exists.  If  those  people 
cannot  understand  it,  they  had  l>etter  not  touch  it.  If  they 
understand  the  principles  and  Jlnd  anything  which  is  useful  to 
themj  then  they  will  use  it;  otherwise  not* 

3fr.  ir,  S.  IiiHjt-rs.~\  would  like  to  ad\'ise  Mr.  (tantt  that 
there  are  hundreds  of  concerns,  large  and  small,  in  this  country 
to-day  who  do  not  use  his  system^  and  they  can  know  an  hour 
after  a  piece  of  work  is  done  or  a  maciiine  built,  just  what  it  Iia6 
cost,  and  they  can  find  just  what  the  loss  was  either  in  material 
or  anything  else.  Then  he  says  he  has  been  to  eight  concerns. 
I^robahly  the  members  do  not  know  that  thi^se  eight  concerns 
are  all  owned  by  one  company.     There  are  many  concerns  run- 
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niiig  forty  or  fifty  men  that  cannot  afford  to  pay  a  ^10^000  ex- 
pert to  run  their  business  and  have  anythinf^^  left.  Now,  the 
premium  plan  is  a  good  thing  in  its  place,  and  the  bonus  plan  is 
a  good  thing  in  it«  place;  but  I  will  tell  you  a  better  plan  that 
will  wipe  the  labor  union  proljlouis  out  of  existence  and  make 
your  men  the  best  workers  that  ever  were  put  on  the  face  of  the 
earth  :  Permit  every  man  to  own  a  shai'e  of  the  stock  or  an  in* 
terest,  if  it  is  only  $20.00  worth,  and  there  is  no  force,  monopoly 
or  combination  on  earth  to  drive  you  out  of  business.  And  to 
illustrate  that,  look  at  the  Ivorydale  Soap  Works  at  Ivorydale, 
Our  Society  went  there  a  few  years  ago,  but  we  did  not  learn 
the  lesson  from  the  workmen  and  workwomen  there.  Every 
woman  and  girl  was  interested,  and  there,  was  notJiing  lost.  The 
same  thing  holds  goori  in  machine  shops,  and  there  are  machine 
shops  nm  that  way  to-day  where  the  humblest  worker  has  an 
interest.  The  minute  you  turn  a  shop  to  that  plan,  labor  agita- 
tors may  come  outside  with  all  the  liruss  bands  and  ammunition 
they  possess,  and  cannot  get  a  man  to  go  out,  because  he  is  a  part 
owner.  That  is  the  way  to  succeed  in  making  dividends  and 
wiping  out  the  antagonism  of  labor  unions. 

Mr,  G,  L  AMfjH, — I  wanted  to  ask  one  question  for  informa- 
tion regartUng  the  premium  system.  Is  it  not  customary  in 
axlopting  the  premium  system  to  have  such  knowledge  of  the 
time  which  should  be  refpiired  to  get  out  the  work  that  you  can 
say  to  the  workmen,  when  you  offer  them  the  premium  :  * '  Now, 
we  will  do  this,  and  we  won^t  cut  you  for  a  year  or  two  years," 
nnd  isn*t  that  an  important  part  of  the  consideration?  So  that 
the  workman,  ^vlien  he  enters  into  it  and  tries  to  do  his  b^t, 
will  not  have  the  feeling  tliat  as  quick  as  he  succeeds  in  cutting 
the  time  down,  the  price  will  be  cut.  Is  ni>t  this  an  important 
element  in  the  premium  system  if  you  are  to  get  the  most  good 
out  of  it? 

3fr.  I^retl  J,  3I!Uer, — ^ I  think  I  can  answer  that  question.  I 
think  it  is  of  the  essence  of  the  premium  system  not  to  cut  the 
rate  at  all--not  merely  within  a  year  or  two  years^  but  never, 
unless  there  is  a  change  in  the  system  of  producing  the  piece 
whicli  will  give  a  reasonable  ground  for  a  new  rate*  It  has  l>een 
pointed  out  that  the  vital  principle  of  the  premium  system  is  to 
have  it  understcxKl  by  the  men  that  the  terms  Ujjon  which  the 
work  is  done  mil  not  be  changed  ;  otherwise  they  will  restrict 
tlieir  production  just  as  they  do  in  piece  work. 
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Mr.  F.  A,  llahey  (contributed  after  the  meeting). — The 
weakness  of  Mr.  Richards's  logic  lies  in  his  italicized  daiise  in 
paragniph  12,  ''  As  he  certainly  is  paid  in  that  way  for  all  the 
product  of  his  shop."  This  is  true  for  the  time  being,  but  it  has 
never  been  and  will  never  be  true  for  a  long  period  of  time. 
The  history  of  the  past  is  a  record  of  falling  prices,  and  the 
future  can  only  repeat  the  experiences  of  the  past.  Looked  at 
in  this  way,  the  principal  of  equity  on  which  Mr.  Sichards  reUes 
turns  against  him,  as  it  certainly  is  not  equitable  for  an  employer 
to  pay  the  same  piece  rates  for  his  product,  after  a  material  fall 
in  the  selling  price,  that  he  paid  before. 

This  has  been  the  basis  of  my  entire  argument  against  the 
piece-work  system  and  for  the  premium  system.  I  hold  that 
cuts  in  the  rates  are  inherent  in  the  piece-work  system,  because 
of  the  inevitable  fall  in  prices  as  time  goes  on.  No  appeal  to 
principles  can  justify  pennanent  piece  rates  in  the  face  of  a  fall 
in  selling  prices. 

The  matter  may  be  summed  up  by  saying  that  the  premium 
plan  looks  into  the  future,  while  the  piece-Avork  system  does  not. 
It  must  bo  remembered  also  that  all  men  gauge  the  value  of  their 
services  by  the  income  which  they  give  them — this  income  being 
measured  in  dollars  per  day,  per  month  or  per  year,  as  the  case 
may  be.  No  \vorkman  measures  his  income  by  the  rate  per 
piece  wliich  he  receives  for  his  work,  but  by  the  amount  which 
he  receives  per  day  or  per  week,  and  a  system  which  gives  the 
workman  a  reward  for  increased  efforts  which,  by  his  own  ac- 
ceptance of  it  and  without  any  trace  of  compulsion,  he  admits 
to  be  fair,  cannot  be  called  inequitable. 

Mr,  Jiichardfi,^' — This  ''discussion"  of  my  paper  may  be 
styled  ratlier  a  perfunctory  ''  sitting  down  "  upon  it.  "With  such 
an  unanimous  disposition  to  condemn  it  as  a  whole,  it  would  seem 
that  some  fault  might  have  l)een  found  with  the  details  of  it. 
No  one  suggests  that  I  misrei)resent  the  premium  plan  as  to  the 
way  in  which  the  introduction  is  usually  proposed  to  the  work- 
man. If  anyone  thinks  it  an  honest  and  business-like  propo- 
sition, it  is  useless  for  me  to  try  to  argue  the  matter  with  him 
further. 

The  continued  assumption  of  the  rate-fixers  is  that  the  one 
thing  always  to  be  done  is  to  reduce  the  wage  cost  per  unit  of 


♦Author's  closun*,  under  tlw  Rulos. 
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production.  Mr.  Halsey  assumes  tliis  with  the  rest,  and  claims 
that  permanent  piece-work  prices  cannot  do  this,  which  is  evi- 
dent, but  that  premium  plan  prices  can  and  do,  which  is  not 
evident.  If  a  man  accepts  the  premium  plan  in  good  faith  and 
does  his  best  under  it,  he  soon  reaches  his  speed  limit,  and  then 
the  premium  plan  rates  are  just  as  fixed  as  piece-work  rates,  and 
can  do  no  more  to  help  the  manufacturer  to  meet  the  falling 
market.  If  prices  fall  sufficiently,  the  manufacturer  must  cut 
his  wages  whether  determined  by  day-work,  piece-work  or  by 
either  of  the  gift  propositions.  Prices  go  up  as  well  as  down, 
and  the  workman  has  a  right  to  share  in  the  fruits  of  prosperity. 
The  discussion  ignores  this  absolutely. 
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No.  966.* 

HEAT    RESISTANCE,     THE    RECIPROCAL    OF    HEAT 
CONDUCTIVITY.] 

BT  WILIJAM  KENT,  MEW  TOBK. 

(Member  of  the  Society.) 

1.  During  a  recent  study  of  the  heat-conducting  power  of  vari- 
ous substances  used  for  heat  insulation,  especially  in  cold  stor- 
age warehouses,  the  writer  discovered  that  the  comparison  of 
results  obtained  by  different  experimenters  would  be  facilitated 
if  these  results  were  reduced  to  a  common  basis  of  coefficients 
of  heat  resistance,  instead  of  being  expressed,  as  is  usual,  in  the 
number  of  British  thermal  units  transmitted  per  hour,  or  per 
day,  by  each  square  foot  of  surface  per  degree  of  difference  of 
temperature  of  the  air  adjoining  the  two  surfaces.! 


*  Presented  at  the  New  York  meeting  (December,  1902)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 

t  For  further  discussions  on  this  and  similar  topics  consult  Transactions  as 
follows: 
No.  421,  vol.  xii.,  p.  174:  "  Heat  Transmission  Through  Cast  Iron  Plates  Pickled 

in  Nitric  Acid."     R.  C.  Carpenter. 
No.  461,  vol.  xii.,  p.  1014:  "  Heat  Transmission  Through  Plates  Pickled  in  Nitric 
Acid."     Daniel  Royse. 

t  The  use  of  coefficients  of  heat  resistance  instead  of  those  of  conductivity  is 
suggested  by  Rankinc  (Steam  Engine,  p.  258).  He  says:  "The  rate  of  conduc- 
tion through  a  flat  layer  of  any  uniform  thickness  is  simply  proportional  directly 
to  the  difference  between  the  temperatun^s  of  the  two  faces  of  the  layer  and  in- 
versely to  its  thickness,  a  principle  expressed  as  follows: 

7"  _  2^ 

where  T'  and  T  are  the  temperatures  at  the  two  faces  of  the  layer  and  z  its  thick- 
ness— {k  being  the  coefficient  of  internal  conductivity).  For  reasons  which  will 
afterwards  appear,  it  is  convenient  in  cases  of  this  kind  instead  of  the  conduc- 
tivity, A;  itself,  to  use  its  reciprocal,  which  may  he  called  the  internal  thermal 
resistance  of  the  substance.  The  total  internal  thermal  resistance  of  a  plate  con- 
sisting of  layers  of  different  substances  may  be  found  by  adding  together  the 
resistances  of  the  several  layers.  The  rate  of  external  conduction  through  the 
bounding  surface  between  a  solid  body  and  a  fluid  is  approximately  proportional 


2.  The  use  of  the.^e  figurcH  representing  resisiance  instead  of 
those  representing  conduciwUy  h  analogous  to  the  usual  practice 
in  electrical  calculations,  the  chief  advantage  being  that  resist- 
ances in  series  maj  be  added  together  to  obtain  total  resistance, 
while  the  conductance  of  several  wires  or  other  bodies  acting  in 
series  cannot  be  added  to  obtain  the  total  conductance.  Thus,  if 
7?t  and  /?2  are  the  resistances  of  two  wires  arrangetl  in  series^  or 
one  after  the  others  their  total  resistance  is  i?i  +  i?j.  If  c,  and 
e^  are  the  conductances  of  these  two  ^virea,  or  the  reciprocal  of  the 

11 
reeistances^  =  -^,    ^^^     respectively,  their  total  conductance  is 


not  <?i  -f  c^  but  1  -^  (  —  H ' ), 


S,  The  meaning  of  thLs,  as  applied  to  heat  eonductanee>  may  be 
Lmade  clear  by  considering  the  follows ng  hypothetical  case*  Sup- 
'  pose  that  in  testing  the  heat-conducting  poAver  of  a  certain  sul> 
stance^  say  a  sheet  of  cardboard,  we  find  that  its  conductivity,  ex- 
pressed in  British  thermal  units  per  square  foot  per  hour  ]*er 
degree  of  diflFerence  of  temperature  is  0.8,  and  that  a  sheet  of  felt 
tested  in  the  same  way  gives  the  figure  0.4 ;  placing  a  felt  between 
two  boards  we  obtain  0.2;  two  felts  betweeii  three  boards,  0J143; 
three  felts  between  four  boards,  0.08;  four  felts  between  five 
boards,  0.0615.  We  can  find  no  satisfactory  relation  between 
the  several  figures  by  adding  or  subtracting  them,  but  by  taking 


>  t-Hi?  difference  of  teinperatui^  when  that  is  small.  The  rate  of  external  con- 
duction nmy  be  exprr*ssed  by  dividing  the  difference  of  temperature  by  a  to- 
efficient  of  &xt£rmd  thermal  re^wfajice  depending  on  the  nature  of  the  sabstafiocs, 
and  also  on  their  tern  pe  rat  urea*  Let  the  values  of  that  coefficient,  for  the  two 
surfaces  of  a  gi%^en  ptate,  be  denoted  by  6\  <i  respeclively;  let  x  be  the  thickness 
of  the  plate  in  inches  as  before,  and  C  its  coefficient  of  internal  thermal  resistance ; 
then  the  total  thermal  resistance  of  the  plate  imd  of  its  two  eslemal  surf^^es  is 

<J  +  d  +  C*; 

and  the  rate  of  conduclion  through  it  is 

T  —  T 


ff-: 


<J  +  Cfls 


whfrt*  T  t  T  are  now  the  t^^mperatureet,  not  of  the  two  siirfacea  of  the  plate,  but 
<»(  thi?  two  fluids  which  are  respeotively  in  contact  with  its  two  surfaces. 
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their  reciprocals  we  find  they  are  entirely  in  harmony,  as  is  shown 
in  the  following  table : 

Conductivity.      Difference.         Reciprocal.      Difference 

1  shept  cardboard 0.8  0.0  1.25  0.0 

Isheetfelt 0.4  0.4  2.6  1.25 

2  cardboards,  1  felt 0.2  0.2  5.0  2.5 

3  "  2   "    0.1143  0.0857  8.75  3.75 

4  "  3   "    0.08  0.0343  12.50  3.75 

5  "  4   "    0.0615  0.0185  16.25  3.75 


4.  The  last  column  shows  that  the  resistance  to  transmission 
of  heat  of  any  combination  of  these  elements  is  simply  the  sum 
of  the  separate  resistances  of  the  several  elements.  Qf  course 
such  a  perfectly  harmonious  result  can  never  be  expected  in  actual 
tests  of  heat  insulators,  such  as  may  be  obtained  in  tests  of  elec- 
trical resistances,  for  the  reasons:  (1)  That  it  is  impossible  to  ob- 
tain uniform  conditions  in  and  on  the  two  surfaces  of  any  non- 
conductor of  heat  which  is  exposed  to  the  atmosphere,  and  (2), 
that  in  au  assemblage  of  el(»monts  such  as  described  some  of  the 
surfaces  are  in  contact  with  other  elements,  w-hile  others  are  ex- 
])oso(l,  this  difference  of  conditions  making  a  great  difference  in 
the  resi.'^tance  of  th(^  surface  to  transfer  of  heat. 

5.  Authorities  on  the  subject  of  heat  transmission  generally 
agree  that  the  resistance  to  the  passage  of  heat  through  a  plate 
consists  of  tliree  s(*parate  resistances;  viz.,  tlie  resistances  of  the 
two  surfaces  and  the  resistance  of  the*  body  of  the  plate,  which 
latter  is  pro])ortional  to  the  thickness  of  tlie  plate.  It  is  probable 
also  that  the  resistance  of  the  surface  diflF(TS  with  the  nature  of 
the  body  or  medium  with  which  it  is  in  contact.  Thus  a  very 
rough  surface  on  a  metal  plate  would  be  likely  to  transfer  more 
lieat  to  adjacent  air  than  a  smootli  surface  would,  since  it  has  a 
greater  area  in  actual  contact  witli  the  air,  while  two  rough  sur- 
faces of  metal  touching  each  other  would  transmit  from  one  to 
the  other  less  heat  tlian  two  smootli  surfaces. 

0.  A  complete  set  of  experiments  on  the  heat-resisting  power 
of  heat-insulating  substances  should  include  an  investigation  into 
the  difference  in  surface  resistance  when  a  surface  is  in  contact 
w^ith  air  and  when  it  is  in  contact  with  another  solid  body.  Sup- 
pose we  find  that  the  total  resistance  of  a  certain  non-conductor 
may  be  rej)resented  by  the  figure  10,  and  that  similar  ])ieces  all  give 
the  same  figure.    Two  pieces  in  contact  give  1 G.    One  piece  of  half 
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the  thickness  of  the  others  gives  8.  What  is  the  resistance  of  the 
surface  exposed  to  the  air  in  either  piece,  of  tlie  surface  in  contact 
with  another  surface,  and  of  the  interior  of  the  body  itself  ?  Let 
the  resistance  of  the  material  itsplf,  of  the  regular  thickness,  be  rep- 
resented by  A^  that  of  the  surface  exposed  to  the  air  by  a,  and  that 
of  the  surface  in  contact  with  another  surface  by  c. 

7.  We  then  have  for  the  three  cases, 

Resistance  of  one  piece A  +  2a  =  10 

"  of  two  pieces  in  contact 2A  +  2c  +  2a  =  16 

"  of  the  thin  piece iA  +  2a  =    8 

These  three  equations  contain  three  unknown  quantities.  Solv- 
ing the  equations  we  find  J.  =  4,  a  =  3,  and  (?  —  1.  Suppose  that 
another  experiment  be  made  with  the  two  pieces  separated  by  an 
air  space,  and  that  the  total  resistance  is  then  22.  If  the  resistance 
of  the  air  space  be  represented  by  s  we  have  the  two  equations. 
Resistance  of  one  piece,  A  +  2«  =  10 ;  resistance  of  two  pieces  and 
air  space,  2^  +  4a  +  «  =  22,  from  which. we  find  ^  =  2.  Having 
these  results  we  can  easily  estimate  what  will  be  the  resistance 
to  heat  transfer  of  any  number  of  layers  of  the  material,  whether 
in  contact  or  separated  by  air  spaces. 

8.  The  writer  has  computed  the  figures  for  heat  resistance  of 
several  insulating  substances  from  the  figures  of  conducting 
power  given  in  a  table  published  by  !Mr.  John  E.  Starr,  in  a  paper 
on  "  Insulation  for  Cold  Storage,''  published  in  Ice  and  Eefrigera- 
tion  for  N"ovember,  1901.  Mr.  Starr's  figures  are  given  in  terms 
of  the  British  thermal  units  transmitted  per  square  foot  of  sur- 
face per  day  per  degree  of  difference  of  temperature  of  the  air 
adjacent  to  each  surface.  The  writer's  figures,  those  in  the  last 
column  of  the  table  given  herewith,  are  calculated  by  dividing; 
Mr.  Starr's  figures  by  24,  to  obtain  the  hourly  rate,  and  then  tak- 
ing their  reciprocals.  They  may  be  called  ^'  coefficients  of  heat 
resistance ''  and  defined  as  the  reciprocals  of  the  British  thermal 
units  per  square  foot  per  hour  per  degree  of  difference  of  tempera- 
ture. 
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Heat  Conducting  and  Resisting  Values  of  Different  Insulating 

Mateuials. 

Conductanoe,  B.T.U. 
per  sq.  ft.  ptf  dfty    Gofiffident 
Insulating  Material.  per  degree  of  heat 

ofdiffi 


lifference  €tt 
temperature. 

1.  J-in.  oak  board,  1-in.  lampblack,  J-in.  pine  board 

(ordinary  family  refrigerator) 6.7  4.21 

2.  J-in.  board,  1-in.  pitch,  J-in  board 4  89  4.91 

3.  |-in.  board,  2-in.  pitch,  J-in.  board 4.25  5.65 

4.  J-in.  board,  paper,  1-in.  mineral  wool,  paper,  J-in. 

board 4.6  5.22 

5.  J-in.  board,  paper,  2^-in.  mineral  wool,  paper,  J-in. 

board 3.62  6.63 

6.  J-in.  board,   paper,  2J-in.   calcined  pumice,  J-in. 

board 3.38  7.10 

7.  Same  as  above,  when  wet : 3.90  6. 15 

8.  J-in.  board,  papcT,  3- in.  sheet  cork,  J-in.  board 2 .  10  11 .43 

9.  Two  J-in.  boards,  paper,  solid,  no  air  space,  paper, 

two  J-in  boards 4.28  5.61 

10.  Two  J-in  boards,  paper,  1  air  space,  paper,  two  J-in. 

boards 3.71  6.47 

11.  Two  J-in.  boards,  paper,  1-in.  hair  felt,  paper,  two 

J-in.  boards 3.32  7.23 

12.  Two  J-in.  boards,  pap<.T,  8-in.  mill  shavings,  paper. 

paper,  two  J-in.  boards 1 .35  17.78 

13.  The  same,  slightly  moist   1 .80  13.33 

14.  Thesame,damp 2.10  11.43 

15.  Two  J-in.  boards,  paper,  3-in.  air,  4-in.  sheet  cork, 

paper,  two  J-in.  boards 1 .20  20.00 

16.  Same,  with  5-in.  sheet  cork 0.90  26.67 

17.  Same,  with  4-in.  granulatedcork 1 .  70  14. 12 

18.  Same,  with  1-in.  sheet  cork 3.30  7.27 

19.  Four  double  J-in.  boards  (8  boards),with  paper  bet. 

three  8-in.  air  spaces 2. 70  8.89 

20.  Four  J-in.  boards,  with  three  quilts  of  ^-in.  hair 

bet.  papers  separating  boards 2.52  9.52 

21.  J-in.  board,  6-in.  patented  silicated  strawboard, 

finished  inside  with  thin  cement 2.48  9.68 

9.  Analyzing  some  of  the  results  given  in  the  last  column  of 
the  table,  we  observe  that,  comparing  Xos.  2  and  3,  1  inch  added 
thickness  of  pitch  increased  the  coefficient  0.74;  comparing  Nos. 
4  and  5,  1^  inches  of  mineral  wool  increased  the  coefficient  1.11. 
If  we  assume  that  the  1  inch  of  mineral  wool  in  No.  4  was  equal 
in  heat  resistance  to  the  additional  H  inches  added  in  No.  5,  or 
1.11  reciprocal  units,  and  subtract  this  from  5.22,  we  get  4.11  as 
the  resistance  of  two  J-inch  boards  and  two  sheets  of  paper.     This 
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would  indicate  that  one  f-inch  board  and  one  sheet  of  paper  give 
nearly  twice  as  much  resistance  as  1  inch  of  mineral  wool.  In  like 
manner  any  number  of  deductions  may  be  drawn  from  the  table, 
and  some  of  them  will  be  rather  questionable,  such  as  the  com- 
parison of  No.  15  and  No.  16,  showing  that  1  inch  additional  sheet 
cork  increased  the  resistance  given  by  four  sheets  6.67  reciprocal 
units,  or  one-third  the  total  resistance  of  No.  15.  This  result  is 
extraordinary,  and  indicates  that  there  must  have  been  consider- 
able diflFerences  of  conditions  during  the  two  tests. 

10.  For  comparison  with  the  coefficients  of  heat  resistance 
computed  from  Mr.  Starr's  results  we  may  take  the  reciprocals 
of  the  figures  given  by  Mr.  Alfred  R.  Wolff  (Kent's  "  Mechanical 
Engineers'  Pocket-Book,"  p.  534),  as  the  result  of  German  ex- 
periments on  the  heat  transmitted  through  various  building  ma- 
terials, as  below: 

K  =  B.T.U.  transmitted  per  hour  per  sq.  ft.  of  surface,  per  degree  F  difference 
of  temperature. 
C  =  heat  resistance  =  reciprocal  of  K. 


Brick  wall.    ^ 


Thickness. 
4-in 


8-in.. 
12-in.. 
16-in. 
20-in.. 
24-in. 
28-in.. 
32-in.. 
36-in.. 
40-in.. 


K. 

r. 

Difference. 

0.G8 

1.47 

0.70 

0.46 

2.17 

0.86 

0.32 

3.03 

0.82 

0.26 

3.85 

0.70 

0.23 

4.55 

0.45 

0.20 

5.00 

0.75 

0.174 

5.75 

0.92 

0.15 

6.67 

1.08 

0.129 

7.75 

0.95 

0.115 

8.70 

Wooden  beam  construction,  planked  over  or  ceiled : 

Asflooring 0.083  12.05 

Asceiling 0.104  9.71 

Fireproof  construction,  floored  over :  As  flooring ...  0 .  124  8 .  06 

Aacefling 0. 145  6.90 
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Single  window 1 .030  0.97 

Single  skylight 1.118  0.89 

Double  window 0.518  1 .93 

Double  skylight 0.621  1 .61 

Door 0.414  2.42 

11.  Tlie  irregularity  of  the  differences  of  C  for  each  increase 
of  4  inches  in  thickness  of  tlie  brick  walls  indicates  a  difference 
in  the  conditions  of  the  experiments  from  which  the  figures  T^ere 
derived.  The  average  difference  of  C  for  each  4  inches  of  thick- 
ness is  about  0.80.  Using  tliis  average  difference  to  even' up  the 
figures  we  find  the  value  of  C  is  expressed  by  the  approximate 
formula  C  =  0.\0  +  0.20  /,  in  which  t  is  the  thickness  in  inches. 
Tlie  revised  values  of  C,  computed  by  this  formula,  and  the  corre- 
sponding revised  values  of  A"  are  as  follows: 

Thickness.  (\ 

4-in 1.50 

8-in 2.30 

12-in 3.10 

16-in 3.90 

20-in 4.70 

24-in 5.50 

28-in 6.30 

32-in 7.10 

3G-in 7.90 

40-in 8.70 

12.  In  conclusion  tlie  writer  would  propose  to  engineers  and 
others  who  have  to  make  tests  in  which  heat  transmission  is  in- 
volved the  adoption  of  a  standard  for  expressing  heat  resistance 
or  the  heat  insulating  power  of  various  substances  as  follows: 

The  coefiicient  of  heat  resistance  of  a  substance  is  equal  to  unity 
divided  by  the  number  of  British  thermal  units  transmitted  in  one 
hour  bv  a  slab  1  scpiare  foot  in  area  and  1  inch  thick,  per  degree 
Fahrenheit  of  diff(*ronce  of  temperature  between  the  two  faces  of 
said  slab,  both  surfaces  being  exposed  to  still  air. 

It  should  be  noted  that  the  coefiicient  of  resistance  thus  defined 
will  be  approximately  a  constant  quantity  for  a  given  substance 
under  certain  fixed  conditions,  only  when  the  difference  of  tem- 
perature of  the  air  on  its  two  sides  is  small — say  less  than  100 
degrees  Fahrenheit.  When  the  range  of  tem])erature  is  great, 
experiments  on  heat  transmission  indicate  that  the  quantity  of 
heat  transmitted  varies,  not  directly  as  the  difference  of  tempera- 


Brick  wall. 


K. 

A',  original 
figures. 

Difference. 

0.667 

0.68 

0.013 

0.435 

0.46 

0.025 

0.323 

0.32 

0.003 

0.256 

0.26 

0.004 

0.213 

0.23 

0.017 

0.182 

0.20 

0.018 

0.159 

0.174 

0.016 

0.141 

0.15 

0.009 

0.127 

0.129 

0.002 

0.115 

0.115 

0.0 
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ture,  but  as  the  square  of  that  ditfereuce.    In  this  ease  a  coefficient 
of  resistance  ^vith  a  different  definition  may  be  found — viz.,  that 

(T  —  ff 

obtained  from  the  f omnia  a  = -,  in  which  a  is  the  coefficient, 

q      ' 

T — t  the  range  of  temperature,  and  q  the  quantity  of  heat  trans- 
mitted, in  British  thermal  units  per  square  foot  per  hour. 

13.  The  subject  of  the  heat-insulating  power  of  different  sub- 
stances is  of  immense  importance  in  refrigerating  work,  and  it  is 
to  be  hoped  that  when  further  experiments  with  such  substances 
are  made  their  results  may  be  reported  in  the  manner  here  sug- 
gested, and  that  conclusions  be  drawn  by  the  experimenters  from 
the  reciprocal  values  or  "  coefficients  of  heat  resistance  "  here 
described. 
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No.  067.* 

AN  ANALYSIS   OF   THE  "COMMERCIAL"    VALUE  OF 
WATER-POWER  PER  HORSE-POWER  PER  ANNUM.\ 

BT  A.  F.  NAGLE«  XOVTCLAIR,  N.  J. 

(Member  of  the  Society.) 

1.  The  writer  recently  testified  in  court  as  to  the  value  of 
water-power  per  horse-power  per  annum  in  a  manner  that  may 
be  of  interest  to  our  membership.  The  subject-matter  has  been 
discussed  heretofore  in  our  Society,  but  I  am  not  aware  that  pre- 
cisely the  same  analysis  has  been  given  before.  The  problem  is 
quite  a  familiar  one  to  New  England  engineers.  The  river-flow 
is  assured  to  certain  abutting  parties  by  old  legislative  grants, 
and  is  usually  used  for  power  purposes.  Any  town  or  city  tak- 
ing water  from  this  stream  is  liable  for  damages  incurred  by  re- 
ducing the  available  power  of  said  stream  of  water.  The  amount 
of  })()wer  existing  in  the  stream  at  each  mill,  expressed  in 
liors(»-powor  as  well  as  the  amount  taken,  or  diverted,  by  the  city, 
and  aflFectiiig  the  })articular  mills,  is  a  problem  for  hydraulic 
engineers  which  I  do  not  take  up ;  but  the  value  of  the  water-power 
at  each  mill  is  a  problem  which  I  have  attempted  to  solve.  I 
have  formulated  my  studies  under  three  theorems,  which  I  be- 
lieve express  the  true  principles  under  which  the  problem  can  be 
solved  with  as  much  certainty  as  the  cost  of  a  steam-power. 

2.  Theorem  1.  The  value  of  water-power,  when  of  ample  capac- 
ity for  a  specific  purpose,  does  not  exceed  the  cost  of  what  a  com- 
peting power  (steam  or  gas  engine)  can  be  installed  and  operated 
for  at  the  same  locality. 

*  Presented  at  the  New  York  meeting  (December,  1902)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Tran^- 
actions. 

t  For  further  discussion  on  this  topic  consult  Transactions  as  follows: 
No.  332,  vol.  X.,  p.  499  :   "Comparative  Cost  of  Steam  and  Water-power." 

Chas.  H.  Manning. 
No.  360,  vol.  xi.,  p.  108:  "  Cost  of  Steam  and  Water-power."     Chaa.  T.  Main. 
No.  471,  vol.  xiii.,  p.  140:  "Value  of  a  Water-power."     Chas.  T.  Main. 
No.  848,  vol.  xxi.,  p.  590*  "On  the  Value  of  a  Horse-power."  Geo.  I.  Rockwood. 
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Theorem  2.  When  a  water-power  is  insufBcient  for  a  specific 
purpose,  due  to  the  varying  flow  at  different  seasons  of  the  year, 
and  its  limited  amount,  then  its  value  is  reduced  from  that 
established  by  Theorem  1,  by  the  cost  of  (installing  and)  operat- 
ing a  steam  plant  to  make  good  tliis  insufficiency. 

Theorem  3.  The  "  damages  "  to  be  paid  annually  (or  capital- 
ized at per  cent,  if  made  in  one  payment)  for  a  given  amount 

of  divei-ted  water-power  is  the  value  of  the  water-power  as  found 
by  Theorem  2,  plus  the  depreciation  in  the  value  of  the  remaining 
water-power. 

3.  The  cost  of  power  is  an  element  in  all  productive  indus- 
tries, and  whether  it  be  a  large  or  small  element,  the  mill  (we 
will  call  it)  demands  a  certain  amount  of  power,  the  cost  of  which, 
if  a  steam  plant,  can  be  calculated  quite  closely,  probably  within 
10  per  cent.  It  is  the  interest  of  the  mill  owner  to  obtain  this 
power  at  the  least  possible  cost  to  himself,  and  he  stands  in  the 
position  of  a  buyer  of  power  before  the  power-producing  public. 
Two  sellers  may  offer  him  power — a  steam-power  producer,  or 
a  water-power  producer.  Because  the  mill  owner  in  New  Eng- 
land is  generally  also  a  water-power  owner,  does  not  change  the 
relation  of  the  power  consumer  to  the  power  producer,  a  buyer 
and  a  seller,  and  for  a  clear  understanding  of  this  complex  prob- 
lem, it  is  absolutely  necessary  to  separate  the  two  parties  in  any 
analysis  that  may  be  applied  to  the  problem  under  consideration. 

4.  The  annual  cost  of  steam-power  per  horse-power,  including 
every  item  except  land,  can  be  calculated  by  an  experienced  en- 
gineer for  any  particular  locality  with  reasonable  accuracy.  In 
Tables  I.  and  II.  I  have  given  my  estimates  of  engine  plants 
ranging  from  50  horse-power  to  500  horse-power,  single-condens- 
ing engines;  and  from  400  horse-power  to  1,500  horse-power  com- 
pound-condensing engines  located  along  the  Blackstone  River, 
New  England.  These  estimates  are  generally  large,  but  as  the 
items  appear  both  in  the  minuend  and  subtrahend  of  the  calcula- 
tion, the  remainder  (resulting  in  the  value  of  the  water-power) 
is  not  so  seriously  affected  thereby.  The  result,  however,  of 
these  larger  figures  for  steam-power  is  to  increase  the  value  of 
the  water-power.  The  items  comprising  the  tables  are  all  so  well 
known  to  engineers  that  it  is  needless  for  me  to  comment  upon 
them.  Nor  is  it  so  much  my  purpose  to  establish  the  accuracy 
of  these  particular  items,  or  their  resnlts,  as  it  is  to  establish  a 
principle,  or  method,  of  calculating  the  value  of  a  water-power 
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for  power  purposes,  and  tliereby  take  the  problem  out  of  the 
domain  of  prejudiced  guesswork. 


TABLE  I. 

Annual  Cost  op  Steam-power  per  Indicated  Horse-power. 

Compound  Condensing  Engine. 


HORffS-PoWBR. 

400 
$ 

500 

600 

TOO 

800 

900 

1,000 

1,«0 

1,500 

$ 

$ 

$            $ 

$ 

$ 

$ 

$ 

Cost  of  Plant  per  I.H.P. 

64  00 

60  00 

57  50 

56  00  55  50.55  00 

54  60 

54  00 

53  00 

Annual  Interest,  etc.,  @ 

10  p.  c.  per  I.H.P. . . 

6  40 

6  00 

5  75 

5  60 

5  55 

5  50 

5  46 

5  40 

5  30 

Cost    of    Banking    (no 

heating)  Repairs,  Sup- 

plies, Engineer,   etc.. 

per  I.H.P 

7  30 

7  6o 

7  75|  7  80 

7  95   7  70 

7  56 

7  50 

7  50 

Annual  (3,060  hrs.)  Cost 

of  Coal  @  $4.50  per 

long  Ton  per  I.H.P.. 

12  30 

11  4o 

10  50 

9  85   9  50 

9  30 

9  25 

9  25 

9  20 

Total  Annuri  Cost  per 

I.H.P 

26  00 

25  00 

24  00 

23  25 

23  00 

22  50 

22  26 

22  15 

22  00 

TABLE  II. 

Annual  Cost  of  Steam-power  per  Indicated  Horse-power. 

Simple  Condensing  Engine. 


nOKHK-PoWEU. 


Costof  Plant  per  I.H.P. 

Annual  Interest,  etc.  @ 
10  p.  c.  per  I.H.P... 

Cost  of  Banking  (no 
heating)  Repairs,  Sup- 
plies, Engineer,  etc., 
per  I.H.P 

Annual  (3,000  hrs.)  Cost 
of  Goal  (a  $4.50  per 
long  Ton  pt^  I.H.P..  . 

Total  Annual  Cost  per 
IH.P 


90  00.75  00  65  00  57  00  51  00  47  00 


r 


.V)     !     75 

I 


100 


LW    I    200 


250 


9  00 


9  00 


! 
7  50'  6  50 


8  50 


5  70 


5  10 


8  20   8  30   8  60 


25  00  22  00  20  00  17  00  15  30  15  00 

I    i    •        : 

43  00  38  00  34  70  31  00  29  00  28  00 

111 


4  70 


8  30 


800 


$ 

45  00 
4  50 


400 


$ 

43  00 
4  30 


7  90 


14  60 


7  85 


13  85 


27  0026  0025  00 


500 


$ 

42  00 

4  20 


7  80 


13  00 
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5-  Thnurm  I  is  aluio^st  a  self-evident  propositiorL  Nu  mill 
owner  tth  a  Iniver  iif  jHiwt*r  \nll  pa}"  iiinrt'  for  water-power  than 
he  can  install  and  opt^rate  a  steam  plant  for,  Ht?  wouid  not  even 
give  as  uiiioh  at*  that,  because  if  he  had  water-power  rmly,  lit- 
would  have  to  install  a  boiler  plant  for  heating  and  other  auxil- 
iary iiHes;  while  if  he  hud  a  stoam  plant,  he  eould  supply  himself 
witli  this  additional  steam  at  a  comparatively  small  cost  For 
present  pur|>osP8j  however,  I  shall  neglect  this  fact, 

G.  Theorem  2  is  not  quite  so  obHous,  Very  few  water-powers 
are  of  siiflieicnt  power  to  supply  the  large  niilU  they  drive  with 
ample  power  every  day  in  the  year.  At  times  there  is  an  excess, 
and  at  other  tinies  it  is  quite  insuffieient.  It  ii^  at  tliis  point  that 
a  clear  understantling  umst  be  lia<l  of  the  relation  of  the  mill 
owner  to  the  water-power  owner.  It  is  not  the  business  of  the 
mill  o\%ner  to  meddle  with  the  problem  of  this  varying  and  insufii- 
eient  water  supply.  That  difficulty  belongs  entirely  to  the  ^vater- 
power  owTier,  In  order  to  make  the  water-power  enmmereially 
available,  in  onler  to  give  it  any  valiie  at  all  to  the  purchaser  of 
power.  In  order  to  giv**  ii  what  it  has  been  pleased  to  call  '"  a 
market  value/*  **  a  eonimercial  vaUie/'  he  must  supplement  the 
fluctiiatiug  water-power  with  steam-power.  The  maximum  pos- 
sible price  obtainable  for  the  eombined  steam  and  water-power 
haa  Ix^en  fixed  by  the  cost  of  a  single  steam  plant.  Hence  the 
lees  the  steam-power  costs  him  the  more  he  vdW  get  for  his  water- 
power.  This  ^'ill  be  more  folly  illustrated  by  detailed  calcula- 
tioos  hereafter, 

7.  Theortmi  3.  This  theorem  is  perhaps  more  theoretical  than 
practical,  for  in  few  cases  is  tlie  quantity  of  water  diverted  from 
a  stream  sufficiently  large  to  affect  perceptibly  the  quantity  re- 
maining. It  IS,  howeverj  a  fact  that  repeated  diverflions  con- 
stantly dinunisli  the  value  of  the  remaining  power;  and  it  is 
proper  that  this  depreciation  of  the  rcnmining  power  should  be 
paid  for  at  each  diversion.  This  would  seem  to  be  a  princifde 
of  equity,  and  I  have  investigated  the  application  to  a  particular 
ca?*e  upon  a  rather  extravagant  hy]>othesis. 

8»  To  illustrate  the  practical  application  of  the  theorems  here 
advanced,  1  have  selected  six  mills  and  their  power  diagrams  from 
the  testimony  in  the  suit: 

Fir!*t,  thf*  river  flow  in  horse-power  for  e%^ery  montli  in  the 
Tivir  is  establii^hed  at  eaeh  mill  by  the  hydraulic  engineers 
employed  in  the  suit.    The  amount  of  the  diverted  power  at  each 
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mill  is  also  given  by  said  engineers,  but  is  too  small  to  appear  in 
the  diagrams  (Figs.  79-84).  The  amount  of  power  required  to 
operate  the  mill,  and  the  wheel  capacity,  are  given  by  the  mill 
owner. 

Referring  to  Fig.  79,  the  power  of  the  river  flow  is  seen  to  vary 
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greatly.  This  mill  requires  an  average  of  900  horse-power  per 
annum.  The  water  wheel  is  of  only  743  horse-power,  and  the 
mean  annual  water-power  is  GOO  horse-power,  requiring  a  steam- 
power  of  210  horse-power  to  give  the  900  horse-power  to  the 
mill.  The  low  stage  of  the  river  is  such  that  a  370  horse-power 
.<team  plant  will  be  required  at  times. 

9.  The  following  is  a  detailed  calculation  for  obtaining  the 
value  of  the  water  at  the  several  mills. 
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NO.  1.— VALLEY   FALLS   COMPANY. 

Required  mill-power 900  Horse-power. 

Average  water-power 690  " 

Average  eteam-powof 210  " 

Maximum  steam-powcT 370  " 

Time  engine  nms    12  months. 

FuUftninialcastof900H..P.C.C.plant  @$22.50 $20,250 

Annual  interest,  etc.,  370  H.-P.  S.  C.  @  $4.40 $1,628 

Annual  supplies,  etc.,  370  H.-P.  S.  C.  @  $7.85 2,904 

Annual  coal,  210  H.-P.  S.  C.  @  $14.00 2,940 


Totalcostof  210  H.-P.steam $7,472—     7,472 

Cost  per  H.-P $35.60 

Valueof  690  H.-P.  water $12,778 

Value  of  1  H.-P.  water $18.52 
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NO.  3.— LONSDALE  COMPANY,   NO.    L 

Required  mUl-power 1,750  Horse-power* 

Average  water-power 720  " 

Average  steam-power 1,030  " 

Maximum  steam-power 1,260  " 

Time  engine  runs 12  months. 

FuU  annual  cost  of  1,750  H.-P.  C.  C.  plant  @  $22.00 $38,500 

Annual  interest,  etc.,  1,260  H.-P.  C.C.  @  $5.40 $6,804 

Annual  supplies,  etc.,  1,260  H.-P.  C.  C.  @$7 .50 9,450 

Annual  coal,  1,030  H.-P.  C.  C.  @  $9.50 9,785 


Total  cost  of  1,030  H.-P.  steam $26,039^   26,039 

Cost  per  H.-P $25.27 

Value  of  720  H.-P.  water 12,461 

Value  of  1  H.-P.  water $17.30 

NO.  4.— LONSDALE  COMPANY,  NO.  4. 

Required  mill-power .  1,000  Horse-power. 

Average  water  power 444  " 

Average  steam-power 556  " 

Maximum  steam-power 700  " 

Time  engine  runs 12  months. 

Full  annual  cost  of  1,000  H.-P.  C.C.  plant®  $22.25    $22,250 

Annual  interest,  etc.,  700 H.-P.  C.  C.  @  $5.60 $3,920 

Annual  supplies,  etc.,  700  H.-P.  C.  C.  @  $7 .80 5,460 

Annual  coal,  556  H.-P.  C.  C.  @  $10.00 6,560 


Total  cost  of  556  H.-P.  steam $14,940—   14,940 

Cost  per  H.-P $26.87 

Value  of  444  H.-P.  water 7,310 

Value  of  1  H.-P.  water $16.46 

NO.  5.— SAMOSET    COMPANY. 

Required  mill-power 1,100  Horae-power. 

Average  water-power 860  " 

Average  steam-power 240  " 

Maximum  steam-power 500  " 

Time  engine  runs 12  months. 

Full  annual  cost  of  1,100  H.-P.  C.  C.  plant  @  $22.20 $24,420 

Annual  interest,  etc.,  500  H.-P.  C.  C.  @  $6.00    $3,000 

Annual  supplies,  etc.,  500  H.-P.  C.C.  @  $7.60 3,800 

Annual  coal,  240  H.-P.  S.  C.  @  $11.40 2,736 


Total  cost  of  240  H.-P.  steam $9,536—     9,536 

Cost  per  H.-P $40.00 

Value  of  860  H.-P.  water $14,884 

Value  of  1  H.-P.  water $17.31 
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XO.  9.— DEXTER  YARN  COMPANY. 

Required  mill-power 280  Horse-power. 

Average  water-power 115  " 

Average  steam-power 165  " 

Maximimi  steam-power 210  " 

Time  engine  runs 12  months. 

Full  annual  cost  of  280  H.-P.  S.  C.  plant  @  $27.50 $7,700 

Annual  interest,  etc.,  210  H.-P.  S.  C.  @    $5.00 $1,050 

Annual  supplies,  etc.,  210  H.-P.  S.  C.  @   $8.55 1,796 

Annual  coal,  165  H.-P.  S.  C.  @  $12.25 2,516 


Total  cost  of  165  H.-P.  st<'arn $5,362— 

Cost  per  H.-P $32.50 

Value  of  115  H.-P.  water 

Value  of  1  H.-P.  water $20.33 


5,362 
2,338 


NO.  14.— PAWTL'CKET  ELECTRIC  COMPANY. 

This  mill  must  be  calculated  upon  a  basis  of  24  hours  a  day 
and  365  days  a  year,  all  others  having  been  calculated  upon  10 
hours  a  day  and  300  days  in  the  year. 
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Required  mill-power  (1,200-1,400) 1,300  Horae-power. 

Average  Tvater-power 550  " 

Average  Bteam-pow*?r 750  " 

Maximum  steatn-power 1,200  " 

Timo  engine  runs    12  months. 

Full  annual  cost  of  1,300  H.-P.  C.  C.  plant  @  $53.33 $69,329 

Annual  interest,  etc.,  1,200  H.-P.  C.  C.  @   $5.40 $6,480 

Annual  supplies,  etc.,  1,200  H.-P.  C.  C.  @  $21.46 25,752 

AnAualcoal,  750  H.-P.  C.  C.  @  $2a47 * . . .    19,852 


Total  cost  of  750  H.-P.  steam $52,084—   52,084 

Cost  per  H.-P $69.44 

Value  of  550  H.-P.  water 

Value  of  1  H.-P  water $31.35 
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If  made  upon  a  10-hour  basis  and  30G  days  a  year,  the  calcula- 
tion would  stand  as  follows: 

Full  annual  cost  of  1,300  H.-P.  C.C.  plant  ®  $22.00 $28,600 

Annual  interest,  etc.,  1,200  H.-P.  C.  C.  @    $5.40 $6,480 

Annual  supplies,  etc.,  1,200  H.-P.  C.  C.  @   $7.50 9,000 

Annual  coal,  750  H.-P.  C.  C.  @  $9.25  6,937 


Totalcost  of  750H.-P.  steam $22,417—   22,417 

Cost  per  H.-P $30.00 

Valueof  550  H.-P.  water 6,183 

Value  of  1  H.-P.  water $11.24 


Jan.    F6b.    Mar.     Apr.     May     Jur^e    July     Aug.    Sept.    Oct.     Nov.    Dtic. 


Fig.  83. 
10.  Table  HI.  is  a  summary  of  the  preceding  calculations. 


TABLE  III. 

Value  of  Water-Power  at  Different  Milus  and  also  what  it  Would  Have 
Been  Worth  tf  it  Had  Been  a  Full  Power. 


Mill 
No. 

Reqnircd 

Mill 
Power 
H.-P. 

Avera«c 
Water 
Power 
H.-P. 

Avenige 
Steam 
Power 
H.-P. 

Maximum 
Rii^ine- 
Power 
H.-P. 

Valiio  of 
Full 

PoWtT 

(Water). 

Value  of 
Partial 
Water- 
Powt-r. 

1 

900 

690 

210 

370 

$22.50 

$18.51 

3 

1,750 

720 

1,030 

1,260 

22.00 

17.30 

4 

1,000 

444 

556 

700 

22.25 

16.46 

5 

1,100 

860 

240 

500 

22.20 

17.31 

9 

280 

115 

165 

210 

27.50 

20.33 

14 

1,300 

550 

750 

1,200 

♦53.33 

♦31.35 

t22.00 

tll.24 

*  This  plant  is  an  electric  power  station  and  was  calculated  upon  a  basis  of  run- 
ning twenty-four  hours  a  day  and  3()5  days  a  year.  All  the  others  were  calcu- 
lated upon  running  10  hours  a  day  and  306  days  a  year. 

t  Upon  a  10-hour  basis,  306  days  a  year. 
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Maximum  Efficiency  of  a  Water-power  Plant. 

11.  Referriug  again  to  Fig.  79,  it  is  quite  evident  that  a  larger 
wheel-power  would  have  been  conducive  to  a  greater  value  of 
the  water-power. 

For  the  purpose  of  ascertaining  the  greatest  value  of  a  water- 
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power  by  the  rules  laid  down  in  this  paper,  let  us  assume  that  the 
mininmni  How  is  as  shown  in  Fig.  7lL  In  that  case  water  of  530 
horse-power  would  be  supplied  everj'  day  in  the  year,  and  if  it 
could  be  brought  about  that  a  mill  required  just  that  amount  of 


»*  OOMMEBCIAL  "   VALUE  OF  WATER-POWEB  PER  HORSE-POWER.    297 

power,  the  water-power  would  be  worth  $25  per  horse-power 
(see  Table  I.),  and  the  water  owner  would  receive  a  revenue  of 
$13,250  per  annum.  On  the  other  hand,  if  the  mill  still  re- 
quired 900  horse-power,  and  only  530  horse-power  wheel-power 
were  available,  then  the  calculation  would  stand  as  follows: 

Required  mill-power 900  Ho  se-power- 

Average  water-power 530  " 

Average  steam-power  and  maximum 370  " 

Fun  amiual  cost  of  900  H.-P.C.C.  plant  @  $22.50 $20,250 

Annual  interest,  etc.,  370  H.-P.  S.  C.  @  $4.40 $1,628 

Annual  supplies,  etc.,  370  H.-P.  S.  C.  @  $7.85 2,904 

Annual  coal,  370  H.-P.  S.  C.  @  $14.00 5,180 

Total  cost  of  370  H.-P.  steam $9,612  9,612 

Cost  per  H.-P $26.00 

Value  of  530  H.-P.  water 10,538 

Value  of  1  H.-P.  water $19.88 

12.  Now  let  US  go  a  step  further,  and  under  the  same  conditions 
and  requirements  put  in  a  900-horse-power  wheel.  Then  the  cal- 
culations will  stand  as  follows: 

Required  mill-power 900  Horse-power. 

Average  water-power 764  " 

Average  steam-j)ower 136  " 

Maximum  steam-j)ower    370  " 

Time  engine  runs     7  J  months. 

Full  annual  cost  of  900  H.-P.  C.  C.  plant  @  $22.50 $20,250 

Annual  interest,  etc.,  370  H.-P.  S.  C.  @  $4.40 $1,628 

7i  mos.'  supplies,  etc.,  370  H.-P.  S.  C.  @  $7.85 1,815 

Annual  coal  136  H.-P.  S.  C.  @  $14.00 1,904 

Total  cost  of  136  H.-P.  steam $5,347—      5,347 

Cost  per  H.-P $39.32 

Value  of  764  H.-P.  water 14,903 

Value  of  1  H.-P.  water $19.54 

13.  Hence,  we  see  that  a  mill  requiring  900  horse-power  with 
a  river  flow  as  indicated  by  Fig.  7J>,  ciin  be  supplied  with  power  by 
a  water-power  owner  in  one  of  two  extreme  ways.  If  he  puts  in 
only  530  horse-power  wheels  running  every  day  in  the  year  at  this 
power,  he  wdll  receive  $10,538  net  for  his  water,  but  he  must 
spend  $9,612  for  steam-power  in  order  to  obtain  this  amount  for 
his  water. 

If,  on  the  other  hand,  he  would  put  in  a  900-horse-power  wheel 
and  spend  $5,347  for  steam,  albeit  it  costs  at  the  rate  of  nearly 
$40  per  horse-powder,  he  will  receive  nearly  $169000  ' 
or  $19.54  per  horse-power. 
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These  calculations  and  a  few  others,  made  in  precisely  the  same 
manner,  are  sunamarized  in 


TABLE  IV. 

Reqaired 
MUl-Power. 

Water  Wheel 

Total  net  income 

Value  per  H.-P. 

Cost  of  Aazlliary 

Power. 

from  Water-Power. 

per  annum. 

Steam  Power. 

1 

2 

3 

4 

5 

530H.-P. 

530  H.-P. 

$13,250 

$25  00 

900H.-P. 

530  H.-P. 

10,538 

19  88 

$9,612 

900  H.-P. 

700H.-P. 

12,778 

18  51 

7,472 

900H.-P. 

900  H.-P. 

14,903 

19  54 

5,347 

1,200  H.-P. 

1,200  H.-P. 

14,752 

17  71 

11,828 

1,500  H.-P. 

1,500  H.-P. 

14,606 

17  06 

18,394 

Monthly  versus  Annual  Averages. 

14.  There  is  some  question  as  to  the  accuracy  of  determining 
the  average  annual  value  of  the  water-power  by  the  annual  aver- 
age, or  calculating  it  separately  for  each  month  in  the  year.  I 
have  made  an  estimate  of  said  values  as  applied  to  Fig.  79,  by 
monthly  estimates,  and  compared  it  with  the  annual  average  which 
has  been  used  throughout  these  calculations.  I  have  also  intro- 
duced a  corrected  value  of  coal  due  to  underloading  of  the  en- 
gine, and  embodied  the  result  in  Table  V. 

TABLE  V. 

Monthly  estimate  of  the  value  of  water-power  as  applied  to  Fig.  1. 

Power  required  at  mill 900  Horee-power. 

Cost  of  steam,  H.-P.  per  annum $22  60 

Cost  of  coal  per  H.-P.  per  annum 9  30 

iki<>n*i.i«>  Copt  of  steam  Cost  of  Coal  Coet  of  Steam  Valae  of  Water 

Moniniy  per  II. -P.  per  H.-P.  corrected         per  II.-P.  per  H.-P. 

"•*^*  uncorrected.  for  underload.  corrected.  based  upon  Col.  4. 

12  3  4  6 

160  $42  32  $17  50  $45  82  $17  47 

160  42  32  17  50  45  82  17  47 

160  42  32  17  50  45  82  17  47 

160  42  32  17  50  45  82  17  47 

160  42  32  17  50  45  82  17  47 

220  34  60  16  00  36  62  17  94 

350  27  00  14  00  27  00  19  67 

330  27  73  14  00  27  73  19  47 

300  29  11  14  50  29  61  18  95 

240  32  89  15  50  34  38  18  18 

160  42  32  17  50  45  82  17  47 

160  42  32  17  50  45  82  17  47 

210  37  30  16  38  39  67  *18  04 

210  35  60  14  00  flS  52 

♦  Annual  average  by  monthly  estimate,      t Annual  average  by  yearly  estimate. 
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Ck)lumii  1  is  the  average  monthly  steam-power. 

Columii  2  is  the  cost  of  this  steam-power  as  found  by  preceding  methods. 
Column  3  is  the  corrected  cost  of  coal  per  annum  for  an  underloaded  engine. 
Ck)lumn  4  is  the  annual  cost  of  steam-power  based  upon  coal  value  in  colunm  3. 
Ck)lumn  6  is  the  final  value  of  water-power  based  upon  steam  cost  in  column  4. 

It  will  be  seen  that  while  the  cost  of  steam-power  (210  horse- 
power) based  upon  a  yearly  average  is  $35.60  per  horse-power, 
it  is  increased,  to  $37.30  per  horse-power  if  made  upon  a  monthly 
basis;  and  if  also  corrected  for  coal,  becomes  $39.67  per  horse- 
power; and  the  value  of  water-power  is  reduced  from  $18.52  to 
$18.04,  which  is  less  than  one  would  have  supposed  it  to  have 
been,  and  yet  it  is  the  correct  way  to  pursue. 


Successive  Divei'sions. 

16.  The  amount  of  water  diverted  is  usually  very  small  in 
proportion  to  the  total  quantity  in  the  river. 

To  illustrate  in  detail  the  manner  of  calculating  the  value  of 
the  water-power  per  horse-power  per  annum  when  large  quan- 
tities of  water  are  taken  at  several  intervals  instead  of  all  at  one 
time,  I  have  applied  the  calculation  to  a  water  p^i^dlege  substan- 
tially like  that  of  \\w  Vallov  Falls  CV)ni])anv,  P'ig.  79,  where,  say, 
100  horse-power  is  taken  at  each  interval,  until  it  is  all  taken. 

FniST  Case,  Original  Condition. 

Required  mill-power 900  Horso-powor. 

Average  water-power 700  " 

Average  steam-power 200  " 

Maximum  steam-power 400  " 

Time  engine  runs 12  months  always. 

Full  annual  cost  of  900  H.-P.  C.  C.  @,  $22.50. $20,250 

Annual  interest,  etc.,  400  H.-P.  C.  C.  @  $6.40 $2,560 

Annual  supplies,  etc.,  400  H.-P.  C.  C.  @  $7.30 2,920 

Annual  coal,  200  H.-P.  C.  C.  @  $12.30 2,460 

Total  cost  of  200  H.-P.  st^^am $7,940—     7,940 

Cost  per  H.-P $39.70 

Value  of  700  H.-P.  water : . . . .        12,310 

Valueofl  H.-P.  water $17.60 
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Second  Case. 

Required  mill-power ; .  .900  Horae-power. 

Average  water-power 600  " 

Average  steam-power 300  " 

Maximum  steam-power 500  " 

Full  amiual  cost  of  900  H.-P.  as  before  $20,250 

Annual  interest,  etc.,  500  H.-P.  C.  C.  @  $6.00 $3,000 

Annual  supplies,  etc.,  500  H.-P.  C.  C.  @  $7.60 3,800 

Annual  coal,  300  H.-P.  C.  C.  @  $11.40  3,420 

Total  cost  of  300  H.-P.  steam $10,220—    10,220 

Cost  per  H.-P $34.07 

Value  of  600  H.-P.  water ; . .        10,030 

Value  of  1  H.-P.  water $16.72 


Third  Case. 

Required  mill-power 9  00  Horse-power 

Average  wat€r-power 500  " 

Average  steam-power 400  " 

Maximum  steam-power 600  " 

Full  annual  cost  of  900  H.-P.  as  before $20,250 

Annual  interest,  etc.,  600  H.-P.  C.  C.  @  $5.75 $3,450 

Annual  supplies,  etc.,  600  H.-P.  C.  C.  @  $7.75 4,650 

Annual  coal,  400  H.-P.  C.  C.  @  $10.50 4,200 

Total  cost  of  400  H.-P.  steam $12,300—    12,300 

Cost  per  H.-P $30.75 

Value  of  500  H.-P.  water 7,950 

Value  of  1  H.-P.  water $15.90 


Fourth  Case. 

Required  mill-power 900  Horse-power. 

Average  water-power 400  " 

Average  steam-power 500  " 

Maximum  steam-power   750  " 

Fullannualcost  of  900  H.-P.  as  before $20,250 

Annual  interest,  etc.,  700  H.-P.  C.  C.  @  $5.50 $  3,920 

Annual  supplies,  etc.,  700  H.-P.  C.  C.  @  $7.80 5,460 

Annual  coal,  500  H.-P.  C.  C.  @  $9.85 4,925 

Total  cost  of  coal,  500  H.-P.  steam $14,305—    14,305 

Cost  per  H.-P $28.61 

Value  of  400  H.-P.  water 6,945 

Value  of  1  H.-P.  water $14.86 
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Fifth  Case. 


Required  mill-power 900  Horse-power. 

Average  water-power 300  " 

Average  steam-power 600  " 

Maximum  steam-power 800  " 

Full  amriual  cost  of  900  H.-P.,  as  before $20,250 

Amiual  interest,  etc.,  800  H.-P.C.C.@    $5.65 $4,440 

Amiual  supplies,  etc.,  800  H.-P.  C.  C.  @    $7.95 6,360 

Amiual  coal,  600  H.-P.  C.  C.  @  $9.50 5,700 


Total  cost  of  600  H.-P  steam $16,500—    16,500 

CostperH.-P., $27.50 

Value  ol  300  H.-P.  water 3,750 

Vaiueof  1  H.-P.  water $12.50 

Sixth  Case. 

Required  miU-power 900  Horse-power. 

Average  water-power 200  " 

Average  steam-power 700  " 

Maximum  steam-power 900  " 

Fullannualcost  of  900  H.-P.  as  before $20,250 

Amiual  interest,  etc.,  900  H.-P.  C.  C.  @    $5.50 $4,950 

Annual  supplies,  etc.,  900  H.-P.  C.  C.  @   $7.70 6,930 

Annual  coal,  700  H.-P.  C.  C.  @  $9.30 6,510 


Totalcost  of  700H.-P.  steam $18,390—  18,390 

CostperH.-P $26.27 

Vaiueof  200 H.-P.  water 1,860 

Value  of  1  H.-P.  water $9.30 

Seventh  Case. 

Required  mill-power 900  Horse-power. 

Average  water-power  100  " 

Average  steam-power 800  " 

Maximum  steam  power 9(X)  " 

Full  annual  cost  of  900  H.-P.  as  Iwfore $20,250 

Annual  interest,  etc.,  900  H.-P.  C.  C.  @   $5.50 $4,950 

Annual  supplies,  etc.,  900  H.-P.  C.  C.  ®    $7.50 6,930 

Annual  coal,  800  H.-P.  C.  C.  @  $9.30 7,440 


Total  cost  of  800  H.-P.  steam $19,320—    19,320 

CostperH.-P., $24.10 

Vaiueof  100 H.-P.  water    930 

Vaiueof  1  H.-P.  water $9.30 

SuiucARY  OP  Cost  of  Steam-power  and  Value  of  Water-power  at  Sevkn 
Successive  Diversions,  as  per  Previous  Calculations.  Required 
Mill-power  always  900  H.P. 
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TABLE  VI. 

Cost  ot  Steam-power. 

Value  of  Water-poweb. 

Amonnt. 

Per  H.-P.  Annual. 

Total  Cost. 

Amount. 

Per  U.-P.  Annoal. 

Total  Val! 

1 

2 

3 

4 

5 

6 

200H.-P. 

$39  70 

$7,940 

700  H.-P. 

$17  60 

$12,310 

300H.-P. 

34  07 

10,220 

600  H.-P. 

16  72 

10,030 

400H.-R 

30  75 

12,300 

500  H.-P. 

15  90 

7,950 

500H.-P. 

28  61 

14,305 

400  H.-P. 

14  86 

5,945 

600H.-P. 

27  50 

16,500 

300  H.-P. 

12  50 

3,750 

700H.-P. 

26  27 

18,390 

200  H.-P. 

9  30 

1,860 

800H.-P. 

24  10 

19,320 

100  H.-P. 

9  30 

930 

900H.-P. 

22  50 

20,250 

OH.-P. 

16.  In  addition  to  the  value  of  the  diverted  water-power,  there 
is  also  a  depreciated  value  to  the  remaining  water-power.  This 
is  easily  found  by  finding  the  value  of  the  water-power  before  and 
after  diversion,  and  the  difference  between  the  two,  multiplied  by 
the  amount  remaining,  is  the  amount  to  be  paid  for  depreciation. 

Table  Vil.  gives  these  amounts,  as  well  as  the  direct  damages 
for  100  horse-power  diverted  at  seven  intervals. 

Annual  Cost  op  100  H.-P.  Diverted  Succbssivbly,  and  Depreciation  of 
Remaining  Power  for  Seven  Periods.  (See  Fig.  79.)  Required 
PER  Mill-power  always  900  H.P.      Cost  thereof  at  $22.50  =  $20,250 

Annum. 


TABLE  VII. 

Amount  of 
Water- 
power. 

Value  of 

Water 
per  U.-P. 

Diflfer- 
ence. 

Cost  of 
100  H.-P. 

Water- 

power 

Kemaining. 

Amount  of 
Depre- 
ciation. 

Total  Col8. 
4  and  6. 

Cnmalative 
Amonnt. 

1 

2 

3 

4 

5 

6 

7 

8 

700  H.-P. 

$17  GO 

0.88 

$1,760 

600  H.-P. 

$528 

$2,288 

$2,288 

600  H.-P. 

16  72 

0.82 

1,672 

500  H.-P. 

410 

2,082 

4,370 

500  H.-P. 

15  90 

1.04 

1,590 

400  H.-P. 

416 

2,006 

6,376 

400H.-P. 

14  86 

2.36 

1,486 

300  H.-P. 

708 

2,194 

8,570 

300  H.-P. 

12  50 

3.20 

1,250 

200  H.-P. 

640 

18,90 

10,460 

200  H.-P. 

9  30 

0. 

930 

100  H.-P. 

930 

11,390 

100  H.-P. 

9  30 

930 

930 

12,320 

Total $9,618     $2,702     $12,320         

17.  The  accounts  of  the  water-power  owner  will,  therefore, 
stand  as  follows: 

He  receives  annually  from  the  mill  owner  for  900  H.-P $20,250 

Before  any  water  is  taken,  he  expends  annually  for  steam- 
power  (Table  VI,  Column  3)  7,940 

Leaving  him  a  net  income  of $12,310 
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Ist         When  100  H.-P.  are  taken  @  $17.60  plus  depreciation  he 

receives  from  mill  owner $20,250 

lOOH.-P.  From  city  (Table  VII,  Column  8) 2,288 

A  total  income  of    $22,538 

He  exi)ends  for  steam-power  (Table  VI,  Ck)lunm  3) 10,220 

Net  income    : $12,318 

2nd      Second  diversion  @  $16.70  plus  depreciation,  he  receives 

from  mill  owner   $20,250 

100  H.-P.  From  city  ($2,288  +  $2,082)    .  .^. 4,370 

A  total  income  of $24,620 

He  expends  for  steam  (Table  VI,  Column  3) 12,300 

Net  income  of $12,320 

3d        From  mill  owner.  .* $20,250 

From  city 6,376 

100 H.-P.  Totalincome  of $26,626 

Cost  of  steam  as  above 14,305 

Net  income $12,321 

4th       From  mill  owner $20,250 

From  city 8  570 

lOOH.-P.  Totalincomeof $28,820 

Coetof  steam 16,500 

Net  income $12,320 

5th       From  mill  owner $20.2r)0 

From  city l(),4(i() 

UK) H.-P.  Totalincomeof $30,710 

Coetof  steam 18,31)0 

Net  Income $12,320 

6th       Frommill  owner $20,250 

From  city 11,390 

100 H.-P.  Totalincomeof $31,640 

CoBtof  steam 19,320 

Net  Income $12,320 
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7th         FrommiU  owner $20,250 

From  city 12,320 

lOOH.-P.  Totalincome  of $32,570 

Cost  of  steam 12,250 

Netincome    $12,320 

It  will  be  seen  that  the  analysis  proves  itself  correct  in  every 
instance.  The  w^ater-power  OAvner,  whose  income  was  $12,320 
per  annum  before  any  diversion  of  water  took  place  always  re- 
ceives the  same  figure,  whether  much  or  little,  or  all  be  taken,  at 
intervals,  or  all  at  one  time. 

18.  Argument — ^It  is  sometimes  admitted  by  engineers  on 
"  the  other  side  "  that  my  analysis  for  ascertaining  the  value  of 
water-power  may  be  correct,  but  that  diverted  water-power  must 
be  paid  for  at  what  it  costs  to  take  its  place.  Thus,  in  the  case 
of  No.  1  mill,  the  value  of  the  water-power  is  $18.52,  but  the  cost 
of  its  auxiliary  steam-power  is  $35.60  per  horse-power,  and  they 
would  thus  maintain  that  that  should  be  the  amount  to  be  paid  for 
diverted  power.  This  seems  very  plausible,  and  it  is  a  fallacy  not 
easily  seen  through  by  engineers,  attorneys,  or  courts ;  but  it  is  a 
fallacy  nevertheless.  It  is  a  fallacy,  in  the  first  place,  because 
if  the  theory  were  correct,  it  would  lead  to  absurd  conclusions. 
Thus,  if  the  entire  water-power  of  600  horse-power  were  taken 
(in  the  case  of  No.  1  mill)  and  paid  for  at  the  rate  of  the  cost  of 
its  auxiliary  steam-power,  namely,  $35.60,  the  "  damages ''  would 
be  $24,564,  which  exceeds  the  cost  of  an  entire  900-horse-power 
steam  plant. 

It  is  fallacious,  in  the  second  place,  because  it  makes  the 
"  damages  "  to  an  imperfect  or  insufficient  water-power  greater 
than  is  conceded  to  be  the  value  of  a  perfect  or  complete  one; 
that  is,  it  is  claimed  that  $35.60  per  horse-power  should  be  paid 
for  a  defective  water-power  when  $22.50  per  horse-power  will 
pay  for  a  perfect  power. 

19.  It  were  perhaps  better  for  a  clearer  understanding  of  this 
problem  if  the  cost  of  furnishing  the  auxiliary  steam-power  were 
not  reduced  to  its  equivalent  cost  per  horse-power  at  all,  and 
simply  to  say  that  it  costs  the  water-power  o^\Tier  so  much  money 
to  supply  the  natural  defects  of  his  water-power,  which  expense 
he  must  go  to  in  order  to  find  a  market  for  his  water-power. 
The  question  of  cost  of  steam-power  is  only  entered  into  in  order 
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come  he  received  before  the  city  trespassed  upon  his  rights  as 
after. 

In  the  suit  referred  to,  however,  the  amount  of  power  diverted 
is  so  small  compared  with  the  river  flow  or  total  mill  power  that  I 
neglected  to  compute  this  item. 

I  believe  that  a  careful  study  of  this  paper^  however  crudely 
the  subject-matter  may  have  been  set  forth  by  me,  will  convince 
the  reader  of  the  correctness  of  the  theorems  announced,  and  T 
shall  be  satisfied  to  leave  hereafter  to  more  graceful  pens  the  task 
of  presenting  tlie  subject  so  that  no  court  will  ever  go  astray 
again  on  this  abstruse  economic-engineering  problem. 

Disccssiox.   • 

Mr.  George  I.  Rockwood. — According  to  law,  when  a  piece 
of  property  lias  been  damaged  and  its  value  thereby  reduced  or 
destroyed,  the  extent  of  the  damage  in  money  is  to  be  estimated 
by  finding  the  difference  between  the  fair  market  value  of  the 
property  before  it  received  the  injury  and  that  value  afterwards. 
This  difference  represents  the  compensation  to  which  the  OAvner 
is  entitled. 

I  am  told  there  is  no  exception  to  this  rule,  and  it  is  obviously 
just ;  but  in  the  case  of  suits  brought  for  tlie  recovery  of  dam- 
ages occasioned  by  the  diversion  of  some  or  all  of  the  water  from 
a  water  power  privilege,  it  has  ])cen  found  verj^  difficult  to  apply 
tho  rule  with  satisfaction  to  both  parties,  and  some  definite  light 
upon  the  subject  is  badly  needed.  I  cannot  see  wherein  Mr. 
K"agle's  paper  provides  much  illumination  on  tho  general  ques- 
tion. In  so  far  as  his  ideas  are  correct,  I  think  they  are  not 
novel,  for  he  only  applies  in  particular  instances  some  general 
principles  first  enunciated  years  ago  by  IMr.  Charles  T.  Main. 

As  a  result  of  what  study  I  myself  have  been  able  to  give  to 
these  general  principles,  considered  in  view  of  the  legal  rule  of 
damage  just  stated,  I  l)elievo  it  is  the  relation  of  the  engineering 
features  to  tho  legal  method  of  appraisal  which  causes  all  the 
trouble.  The  lawyers  and  the  engineers  do  not  see  eye  to  eye 
respecting  what  the  legal  issues  really  are. 

To  api^ly  the  legal  rule  of  damage  to  any  given  case  it  is  neces- 
sary, as  a  preliminary  to  all  testimony,  to  define  two  of  its  main 
points :  (1)  Just  exactly  what  the  property  is  which  the  diver- 
sion of  the  water  damages.  (2)  Just  where  the  market  for  its 
sale  lies. 
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With  regard  to  1,  it  may  be  said  tliat  it  has  been  held  that 
the  measure  of  damages  for  the  divei'sion  of  a  stream  from  a 
manufactory  was  thtj  diminished  rental  value  of  tlie  works  dur- 
ing the  period  of  diversion.  In  this  case  the  lawyer  says  that 
the  particular  property  damaged  is  not  the  water  privilege  as 
sneh,  but  the  mill  pro|)erty.  The  value  of  every  part  of  that 
mill  property — ^land,  buildings,  machinery  and  tenements — has 
been  injured  by  the  diversion  of  the  water  from  the  mill-dani. 
If  tlie  water  could  be  counted  upon  to  continue  to  flow  to  that 
dam  in  the  natural  quantity,  the  value  of  all  that  mill  property 
was  one  sum.  If  the  water  has  been  diverted,  all  this  property 
dnks  in  value.  The  difference  between  what  it  was  worth  with 
a  w*ater  supply  at  the  dam  and  what  it  is  worth  without  that 
supply,  is  the  damaire  suffered  by  its  owners  by  the  diversion. 
In  other  words,  the  lawyer  here  regarded  the  right  to  use  the 
full  natural  flow  of  the  stream  as  a  characteristic  of  that  mill 
property— an  ''easement"  or  ineorjKireal  right  appurtenant  to 
the  mill  real  estate.  His  vie\v  contemplates  the  damage  done 
to  the  owners  in  view  of  uU  of  their  property,  which  was  origin- 
ally located  at  the  stream  because  the  floiving  water  was  there  ; 
and  it  contemplates  the  damage  done  by  the  loss  of  every  use  to 
w^hich  that  water  could  have  been  put  in  connection  with  the 
manufacturing  carried  on  in  that  mill.  This  is  evidently  a  very 
broad  view  of  the  damage  done  that  mill  property  by  the  diver- 
sion- Moreover,  it  is  the  traditional  way  to  appraise  such  dam* 
'ageS|  and  it  is  thought  by  some  lawyers  to  be  the  only  possible 
Way. 

It  has  also  l>een  held,  however,  in  another  case,  that  the  mea- 
sure of  damages  was  the  actual  value  uf  the  use  of  the  water  dur- 
ing the  time  it  was  diverted*  This  measure  of  damages  seems  to 
b*.*  mucli  bromler  than  the  other  in  that  while  it  includes  the  loss 
ftutTortxl  hy  a  mill  owner  for  the  uses  to  which  he  could  or  did 
put  that  water  in  his  own  mill — and  hence  measures,  at  least, 
the  reduction  in  the  fair  market  value  of  his  mill  real  estate  by 
the  diversion — it  also  contemplates  the  loss  in  value  of  the  use  of 
the  falling  water  by  any  other  user  than  himself.  In  this  view 
of  the  matter  a  riparian  privilege  is  a  piece  of  real  estate  itself, 
HB  much  so  as  the  land  or  its  improveuients.  If  there  is  no  pos- 
sible user,  situated  within  miles  of  the  privilege,  other  than  the 
niill  to  w*hich  it  is  adjacent,  then  its  fair  market  value  is  quite 
plainly  the  value  which  the  owner  of  that  miU  could  reasonably 
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set  upon  it ;  ami  the  *''  easement ''  theory  %voiild  lead  to  the  same 
conchision. 

But  very  often,  nowadayB,  the  conditions  are  much  more  com- 
plicated^ and  the  ''easement'*  theory  leada  to  very  awkward 
situations.  For  example,  suppose  a  large  cotton  mill  to  be  on 
une  bank  of  a  waterfall  and  a  much  smaller  millj  manufacturing 
woolens,  on  the  opposite  bank.  The  stream  is  variable,  has  %^ery 
small  storage  capacity,  and  is  used  fully  and  ecpially  at  each  mill 
for  ]>owerj  stt^ani,  and  washing  the  gooils  in  process.  The  bal- 
ance of  |K)\ver  each  mill  i*equires  is  made  up  by  engines.  There 
are  other  mills  in  the  neighborhood  which  are  run  by  steam- 
power  and  use  city  water  for  manufacturing  purposes. 

An  electi'ic  radroad  ])asses  within  a  stone^s  throw  of  the  mill- 
dam,  and  is  run  by  a  steam-power  plant.  If  water  is  diverted 
here  and  the  case  is  tried  on  the  lines  of  the  easement  theory, 
the  i^sidt  would  be  that  no  account  of  the  propinquity  of  tbat 
radroad  would  be  taken  at  all,  and  that  one  of  those  mill  owners 
would  get  bigger  damages  than  the  other,  although  both  own 
eiiual  parts  of  the  privilege,  and  each  makes  a  full  use  of  his 
part.  But  if  the  water  privilege  is  consider^l  to  be  property 
and  the  particular  piece  of  real  estate  affectetl,  then  exjjerts  on 
the  value  of  each  use  of  the  water  can  testify  as  to  the  damages 
resulting  from  the  loss  of  that  one  use  ;  and  the  sum  of  these 
damages  represents  the  loss  in  the  fair  market  value  of  the  priv- 
ilege, and  should  be  the  compensation.  The  nulls  might  ilesire 
to  use  the  water  in  their  boilers  and  to  pass  it  thi*ough  their 
washing  machines.  But  as  they  only  run  five  and  one-hiilf  days 
of  ten  hours  each  per  week  and  not  at  all  on  holidays,  whereas 
the  electric  street  railway  runs  every  day  in  the  year,  sixteen 
tiours  a  day,  very  likely  the  jiower  part  of  the  privilege  would 
soon  be  sold  to  run  the  railro;id.  In  the  old  days,  when  the 
doctrine  that  w^ater  power  was  an  easement  of  a  particular  piece 
of  land  grew  up,  such  a  market  for  that  power  was  unthinkable. 
To-day  the  electric  mi!  way  peojde  w^ould  not  give  a  cent  more 
for  the  use  of  that  i)Ower  because  of  the  presence  of  the  tene- 
ments and  the  mills  and  the  machinery;  Ail  they  want  is  the 
ixjwer.  Whereas,  originally  tliat  jirivilege  had  no  value  apart 
from  the  mills,  and  they  could  not  run  without  the  power  of  the 
Bowing  water,  and  would  have  had  to  stop  and  their  machinery 
to  be  dis]>ersed  and  the  fixed  improvements  left  to  decay  if  the 
water  had  been  diverted,  now  it  is  very  different.     Civilization 
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lias  developed  about  them.  An  excellent  quality  of  miU  popula- 
tion bas  apjieared.  The  town  has  l>een  made  a  desirable  jilace 
to  live  in.  The  cost  of  the  competing  power  of  steam  haa  lM?en 
very  much  reduced.  To-day  it  is  not  improbable  that  if  that 
dam  w^ere  washeil  away  liefore  any  diversion  of  the  water,  it 
would  not  be  rebuilt;  or  the  ric^ht  to  rebuild  it  an<l  to  use  the 
]iower  w^ould  be  sold  to  the  railway.     A  water  privilege  is  no 

^longer  the  pivotal  element  in  business  it  once  was.  It  h  worth 
jast  what  can  be  got  out  of  it  in  competition  with  manufactured 
|K)W0r  and  city  water  supplies  in  favored  regions,  and  no  more. 

Suppose  the  railway  Iwnght  the  privilege  and  a  strip  of  land 
ten  feet  wide  do^^^xi  to  tlte  wheel-house  from  the  highway*  la 
that  privilege  an  easement  to  tliat  strip  of  land  ?  That  seems  to 
lie  putting  the  cart  liefore  the  iiorse.  The  land  cannot  Ik;  far- 
ther improved.  It  has  no  value  except  as  a  right  of  way  to  the 
darn.  Is  the  privilege  an  eiisement  to  the  whole  railway  Y  That 
woald  l>e  absurd,  because  the  {irivilege  was  theiti  l>efore  the  rail- 
way, and  is  iudejx^udent  of  it.  The  simplest  way  is  to  consider 
that  privilege?  as  a  |jiece  of  real  estate  by  itself  and  value  it 
accordingly  for  any  fair  market  value  it  hail  l^efore  and  again 

lafter  the  diversion.     If  usetl  for  power,  then  an  engineer  wlio 

rtnows  how  much  and  how  constant  the  power  is  can  state  with 
accuracy  just  how  valuable  this  use  of  the  water  is,  in  view  of 
the  marlvct  for  tlie  *mle  <jf  such  use.     If  it  is,  or  may  with  reason- 

,  able  likelihuotl^  l>6  used  for  any  other  purpose  at  the  same  tnue 
tiat  it  is  nseil  for  ]K>wer,  such  as  for  washing  textile  goods,  or 
for  boiler  feecl* water,  or  for  (ire  ]>rotection,  or  for  irrigation,  or 
watering  stock,  tlicn  its  value  is  found  by  adding  the  several 
ralues  of  theso  various  uses  iis  detennined  by  the  testimony  of 
those  who  are  experts  in  appraising  such  uses.  Bat  it  is  rarely 
necessary  to  make  an  appraisal  of  all  the  land  and  mill  property 
of  wliich  tht.t  owner  of  a  water  privilege  happens  to  be  j>osscssedj 
both  before*  the  diversion  and  afterwards,  in  order  to  find  out 
what  was  th»>  fair  market  value  of  the  privilege  which  has  been 

f destroy t^.  This  obviously  cannot  be  done  in  the  case  of  an  un- 
develo|K>cl  privilege,  there  being  no  land  improvements  whatever 
U)  a])praise. 

Mr.  Nagle  says  nothing  about  how  to  value  undeveloped 
water  power  ;  nor  how  to  appraise  a  developed  water  |>oweT 
f€*r  any  other  than  the  specific  puqiose  for  which  it  happens 
to  l>e  nmd  at  the  time  of  diversion.     His  method,  if  I  under- 
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stand  what  it  is,  is  not  uncommon.  It  starts  with  the  assumption 
that  the  measure  of  its  value  is  the  capitalized  net  saving  due  to 
its  use  in  a  mill  requiring  a  stated  power  to  drive  it,  and  pro- 
ceeds to  find  out  what  that  saving  was  before  the  diversion,  and 
what  it  is  after  the  diversion.  The  difference  represents  the  net 
loss  of  income,  and  this  sum,  capitalized  at  a  fair  rate  per  cent., 
represents  the  damages  due  to  the  loss  of  power. 

Thus,  in  paragraph  15  he  calculates  the  value  of  the  saving 
before  the  diversion  as  $12,310.  This  is  his  ''  First  Case,  Orig- 
inal Condition."  Xext,  he  calculates  the  value  of  the  saving 
after  the  diversion  of  100-horse-power  as  $10,030.  The  differ- 
ence between  $12,310  and  $10,030,  or  $2,280,  may  be  found  in 
Table  VII.,  first  sum  in  column  7,  which  column  purports  to  be 
the  ''direct"  damages  for  100-horse-power  diverted.  But  Mr. 
Ifagle  does  not  seem  to  realize  that  this  is  what  he  is  doing,  for 
Theorem  3  says  :  "  The  damages  to  be  paid  annually  for  a  given 
amount  of  diverted  water  power  is  the  value  of  the  diverted 
water  power  as  found  by  Theorem  2,  plus  the  depreciation  in  the 
value  of  the  remaining  water  power." 

The  water  power  which  was  diverted  has  the^ value  per  horse- 
power found  by  the  rule  Theorem  2  only  when  the  value  of  the 
water  power  as  a  whole  is  considered.  But  the  value  of  the 
diverted  power  per  liorse-])ower,  when  estimated  in  the  light  of 
the  depreciated  value  of  the  balance  of  the  power,  is  worth  more. 
It  is  worth  as  much  more  as  the  balance  of  the  power  is  depreci- 
ated by  its  loss.  This  is  wluit  Theorem  3  says.  Then  why 
make  the  calculation  at  all  as  to  what  it  is  worth  considered  as 
a  going  part  of  the  whole  ?  It  is  such  tables  and  obscure  state- 
ments as  these  whicli  bring  confusion  instead  of  conviction  to 
the  mind  of  the  Court. 

Theorem  1  leaves  one  to  infer  that  a  power  of  invariable 
amount  is  worth  whatever  it  would  cost  to  do  the  siime  work  by 
steam  power.  Of  course  this  depends  entirely  upon  the  situa- 
tion. If  fuel  is  higli  in  cost,  then  in  all  probability  the  location 
is  remote  from  market,  and  the  value  of  the  i)ower  is  reduced  by 
the  extra  cost  of  freight  of  the  iinished  goods,  or  else  by  the 
extra  cost  of  transforming  the  water  power  into  electric  power, 
and  of  transmitting  it  to  the  point  where  it  is  to  be  usecl ;  and 
this  cost  of  the  competing  steam  power  nmst  be  found,  not  at 
the  waterfall,  but  at  the  place  where  the  power  is  to  l)e  used. 

I  believe  the  theory  of  estimating  the  damages  caused  to  a 
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water  power  privilege  by  the  tliversioa  of  a  part  or  all  of  tht 
water  front  the  dam  is  substantially  correct,  sis  coii%'eyed  by  Mr, 
Xagle  in  this  paper  ;  but  it  dues  not  cover  the  whole  ground  by 
any  means,  and  it  is  hardly  new'  in  any  particular.  In  applying 
this  thoory  it  must  bo  reniemlx^recl  that  the  fair  market  vahic  ol 
the  privilege,  so  far  as  the  use  of  the  water  for  power  is  eon- 
cerneiU  defiends  upon  the  greatest  value  it  could  reaBonaWy  i>e 
cx[)wti.Ml  to  have  at  the  time  of  diversion  to  any  one  or  all  of  its 
possible  l)uyers.  This^  as  Mr.  Nagle  shows,  is  beeanse  the  com- 
peting steam  power  costs  less  and  less  per  horse -power  as  the 
totjil  steady  power  required  increases. 

The  amount  of  j>oiver  which  a  turbine  developSj  or  the  amount 
of  water  which  passes  through  it,  may  bo  recorded  minute  by 
minute,  hour  by  hour,  and  day  by  day,  by  the  use  of  an  appli- 
ance  invented  and  protected  by  Prof.  C.  M,  Allen,  of  Worcester, 
the  broad  idea  being  a  development  from  a  suggestion  which  I 
made.  It  is  a  device  for  recording  the  discharge  of  a  turbine 
wheel  using  the  turbine  itself  as  a  water  metre.  In  Yiew  of  the 
fact  that  Profoss<.jr  Allen  has  c^msented  to  give  a  detailed  de- 
scription of  theprinciijles  of  his  device  as  a  separate  paj^er^  I  will 
not  enlarge  upon  its  construction  and  action ,  other  than  to  say 
that  it  has  been  applied  for  about  two  }•  etirs,  and  that  the  result 
of  the  experiencje  had  shows  that  the  problem  has  been  solved 
satisfactorily,  both  from  the  scientific  and  practical  standpoint. 
The  special  field  of  usefulness  for  this  machine  is  where  power 
is  sold  on  a  basis  of  measurenient  of  head  and  gate  opening  twice 
a  (lay  throughout  the  year, 

M/\  If*  iU  B,  Papsons  (contributed  after  the  Meeting), — The 
coniniercial  value  of  any  water  power,  whether  large  or  smalls 
is  difficult  to  detennine  in  a  nianner  which  will  prove  siitisfactory 
to  both  the  seller  and  the  purchaser.  It  is  fair  to  assume  that 
the  seller  will  value  his  power  privilege  as  high  as  possible,  and 
will  advance  reasons  for  so  arriving  at  his  estimate  wliich  will 
have  to  be  considered. 

The  purchaser  (either  a  buyer  of  the  privileges  or  a  party  liable 
for  damages  for  diversion)  may  be  willing  to  pay  a  fair  value, 
but  not  a  value  such  as  claimed  by  the  seller.  If  the  parties 
could  agree  on  a  sum  to  be  paid  in  every  case,  there  would  be 
DO  need  of  any  'S^al nation'^  to  be  detenninetl  by  testimony, 
argument,  or  calculation,  Unfortunately,  the  valuation  of  a 
water  right  is  seliloni  so  easily  Fettledj  and  the  problem  has  been 
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presented  in  so  many  cases  as  to  prove  it  to  be  difficult  of  easy 
solution. 

The  value  of  a  water  right  is  divisible  into  two  parts,  viz.: 

{a)  Value  of  water  privilege,  per  se. 

(b)  Value  of  water  power,  as  utilized. 

The  first  part  represents  what  could  be  classed  as  "-speculative  " 
value;  that  is,  the  ownership  is  worth  something  for  develop- 
ment, and  the  question  is  '^how  much?"  This  speculative 
value  must  be  peculiar  to  each  individual  case,  and  depends  on 
geographic  location  and  local  needs.  Thus,  a  vast  power  situ- 
ated somewhere  in  a  distant  location,  far  from  civilization,  is 
worth,  at  the  moment,  less  than  a  small  power  near  a  large 
manufacturing  centre.  Again,  a  power  near  a  manufacturing 
centre  where  fuel  is  cheap  is  worth  less  than  one  near  an  equally 
advantageous  centre  where  fuel  is  scarce. 

The  second  part  has  a  value  varying  with  the  proportion  util- 
ized. Thus,  if  all  the  power  is  developed,  the  total  "conmier- 
cial ''  value  of  the  water  rights  would  be  found  under  this  head. 
If  only  part  were  developed,  then  the  value  would  be  part  under 
both  heads  (a)  and  (J).  The  question  again  arises,  "how  much 
should  be  determined  under  {a)  and  how  much  under  (J)?  "  Ac- 
cording to  the  Author,  all  value  under  (a)  has  been  neglected, 
and  only  such  value  as  may  be  attributed  under  (h)  has  been 
considered. 

Furthermore,  the  assumption  has  apparently  been  made  that 
the  privilege  has  been  fully  developed.  This  is  but  one  case  out 
of  many  which  may  be  found  in  ])ractice. 

A  privilege  may  be  developed  for  a  specific  factory  purpose,* 
using  all  the  water  of  the  stream,  but  for  an  addition  or  for 
another  factory  that  power  may  not  be  sufficient.  An  increase 
in  the  height  of  dam  is  often  a  condition  which  may  be  effected 
without  flooding  other  rights.  The  value  should  include  some- 
thing for  such  a  possible  increase  of  development. 

The  Author's  general  scheme  of  obtaining  an  estimate  of  value 
is  correct  as  far  as  it  goes,  but  is  neither  comprehensive  nor 
broad  enough  to  include  all  conditions,  and,  therefore,  is  not 
final.  Water  privileges  are  not  alike.  All  have  peculiar  con- 
ditions which  cannot  be  neglected  or  generalized.  There  are 
numerous  difficulties  involved,  such  as  the  amount  of  power 
available,  the  completeness  of  the  development,  the  standard  for 
comparison  in  cost  of  a  steam  horse  ]X)wer  per  annum,  etc., 
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which  make  the  problem  one  for  serious  consitleration,  and 
which  apppear  to  prevent  generalization,  owing  to  the  variable 
character  of  the  items  eomposing  the  sitme, 

Mr.  Nagle,'^ — To  fairly  answer  Mr.  Rockwootrs  criticisms 
would  be  to  take  tip  the  arguments  presented  by  the  attorneys 
for  the  plaintiff,  which  I  can  hardly  be  e^cpected  to  do.  Jjut, 
fundamentally,  their  erroneous  views  arise  from  the  lack  of  a 
pro}>er  divkion  of  the  complicated  problem  into  its  simple  ele- 
ments. So  far  as  a  water  power  affects  land,  mill,  or  tenement 
values,  the  word  steam  power  may  Just  as  well  be  substituted 
with  equal  force  to  the  argument.  Any  industry  gives  a  eertain 
value  to  suiTounding  properties,  regardless  of  the  particular  kind 
of  power  it  ases.  The  destruction  of  any  portion  of  the  power 
operating  said  industry  wouhU  of  couj-se,  affect  the  values  of  all 
projierties  surrounding  it;  but  to  attribute  any  different  effect 
from  the  destruction  of  a  i>ortion  of  a  water  power  than  from 
the  destruction  of  an  et[ual  portion  of  a  steam  ]>ower,  seems  to 
me  to  be  extremely  irrational.  Hence,  any  arguments  which 
tend  to  give  as  gniat,  or  even  greater,  value  to  a  water  power^ 
under  usual  conditions,  than  its  et|uivalent  steam  power,  is  full 
of  sophist^J^  There  is  only  one  way  to  obtain  *' damages  ■'  in 
excess  of  the  value  of  the  water  power  taken,  and  that  wouhl  l»e 
a  purely  hypothetical  case,  where  the  water  i^ower  was  complete 
and  perfect  every  day  in  the  year  to  supply  the  needs  of  a  mill; 
or  where  sufflcient  water  power  was  available  to  sup])ly  the 
jiower  of  the  mill,  without  auxiliary  steam  power  before  any 
water  was  diverted  or  taken,  but  requiring  the  installment  of  a 
steam  plant  to  make  good  the  amount  divertaL  In  such  case, 
worked  out  strictly  in  accordance  with  the  rules  laid  down,  it 
will  be  found  that  the  ''  damages  ""  would  amount  to  the  cost  of 
opemting  this  newly -installed  steam  plant  and,  of  course,  exceed 
the  value  of  the  water  power.  But,  of  course,  no  cases  were 
involved  in  the  suit. 

It  seemed  to  me  that  Mr.  Rock  wood  f  tilled  to  grasp  the  im- 
portant part  of  the  pa])er,  ]>ointiiig  out  the  necessity  of  separating 
in  the  analysis  the  mill  owner  from  the  water  power  owner  as 
having  two  antagonistic  interests,  that  of  buyer  and  seller.  I 
thought  it  important  to  have  demonstrated  that  the  high  cost  of 
the  variable  steam  power  of  a  mill  diminished  the  value  of  its 
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water  power.  Thus,  in  the  case  of  No.  5  Samoset  Mill,  the  vari- 
able steam  ix)wer  may  cost  §40. 00  per  horse-power  per  annum, 
while  its  variable  water  power  was  worth  only  $17. 31.  Hitherto  it 
had  been  contended  that  "damages "  for  diverted  power  should 
be  paid  for  at  the  rate  of  this  $40.00,  the  cost  of  steam  power, 
but  I  have  demonstrated  that  it  should  be  paid  for  at  the  rate  of 
the  $17.31,  the  value  of  the  water  power. 

We  need  no  longer  to  contend  against  the  claim  of  the  plain- 
tiff that  his  variable  steam  power  costs  him  $40.00,  $50.00,  or 
$60.00  per  horse-power  per  annum,  knowing  that  the  fact  proves 
the  smaller  value  of  his  variable  water  power,  and  for  the  loss  of 
which  only  we  pay  "  damages." 

Mr.  Rockwood  thinks  I  confuse,  rather  than  make  clear,  the 
way  the  "  total  damages  "  are  given  in  column  7  of  Table  VII. 
In  column  4  is  given  the  direct  damages  for  taking  lOO-horse- 
power,  at  $1,760  ;  under  Theorem  2,  column  6  gives  the  amount 
of  depreciation  ($528)  for  the  remaining  water  power;  under 
Theorem  3,  column  7  gives  the  sum  of  these  two.  It  is  true  that 
a  simple  statement  of  the  value  of  the  water  power  before  and 
after  diversion  of  any  ])art  of  it  would  be  sufficient,  but  to  my 
mind  it  seemed  more  satisfactory  to  point  out  the  steps  which  led 
to  the  result. 

I  have  no  disposition  to  ai)propriate  Mr.  Main's  studies  as  my 
own.  I  had  not  read  Mr.  Main's  paper  until  Mr.  Rockwood 
called  my  attention  to  it,  and  I  do  not  now  find  in  it  what  I  have 
set  forth  in  my  paper;  but  if  we  have  reached  the  same  conclu- 
sions, as  Mr.  Rockwood  says  we  have,  I  am  sure  that  Mr.  Main 
and  myself  will  be  equally  ])leascd. 

Mr.  Parsons  says  that  '*  the  general  scheme  of  obtaining  an 
estimate  of  value  is  correct  as  far  as  it  goes,  but  is  neither  com- 
prehensive nor  broiul  enough  to  include  all  conditions,  and,  there- 
fore, is  not  linal,  etc."  I  accept  this  criticism  as  being  just,  but 
must  explain  that  I  naturally  limited  the  scope  to  the  conditions 
prevailing  in  the  case  before  the  Court.  On  the  other  hand,  I 
must  add,  that  if  the  "scheme  is  correct  as  far  as  it  goes,"  it 
not  only  goes  far  enough  for  the  case  in  hand,  but  can  be  readily 
adapted  to  other  special  cases. 
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TUPWAL  DISCUSSWTfS  AND  MOTES  OF  EXPERIENCE. 

^0.  147. 
Smoke  Con  sumption. 

Prof.  F.  R.  Huiton^ — At  a  recent  visit  to  an  important  produc- 
ing plant  just  outside  of  Syraeusei  attention  was  directed  to  tlie 
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appearance  against  the  sky  of  two  columns  of  products  of  com- 
buatioti,  which  are  preBcnted  in  the  photograph.  The  stacks  are 
of  ahout  equal  height;  the  brick  one  takes  the  products  of  com- 
bustion frmn  8^500  horse-power  Babcoek  and  Wilcox  IxrilefB^ 
which  are  fired  by  hand*  The  steel  stack  to  the  right  of  the  hrick 
stack  is  discharging  the  smr>ke  from  3,000  horse-power  of  the 
same  type  of  boilers^  operated  with  mechanical  stoking.     The 

♦  Presented  at  the  New  York  meeting  (XJec^mber,  1902)  of  the  AmeHcan 
Society  of  Mechanteal  Engineers,  and  forming  part  of  Volymc  XXIV.  of  the  Ttam- 
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coal  used  is  the  ordinary  run  of  mine  from  the  Clearfield  district 
of  the  usual  soft-eoal  type^  anil  the  rate^  of  combust  ion,  as  far 
as  have  been  observed,  ax^erage  18  pounds  per  square  foot  grate 
per  hour  for  the  hand-firc^d  battery,  and  about  the  same  for  the 
stoker.  Tt  is,  of  course,  diffienlt  in  a  photograph  to  secure  the 
profound  impression  which  is  made  npou  the  eje  even  with  a  buck- 
ground  of  a  gray  sky. 

It  happens  quite  often  that  the  nierhanically-fired  boilers  ^liow 
less  volume  of  anioke  tlian  at  the  time  chosen  in  the  photo- 
graph, but  these  represent  average  conditions  as  nearly  as  can  be 
represented  The  distant  stack,  towards  the  left  of  the  pjioto- 
graphy  represents  the  discharge  from  a  boiler  house  of  the  same 
size  and  arrangement  as  the  hand-fired  one  above  described. 

Mr.  A.  BvmpuL — There  is  in  use  in  Chicago,  under  boilers, 
every  type  of  furnace  from  the  phiin  hand-fired  grate  to  cliaiu 
gi^ate  stokers  and  coal  dust  firing  jipparatus;.  An  exantjde  of  each 
may  bt*  selected  which  makes  practically  no  smoke  at  all.  On  the 
other  hand  every  one  of  these  types  may  be  observed  in  other 
cases  to  be  very  bad  smokers. 

A  liberal  air  supply  has  been  quite  generally  assumed  to  be 
required  to  asBurc  the  oxidation  of  the  carbon,  yet  the  gas  analysis 
may  show  air  in  excess  to  tlie  extent  of  two  or  three  hundred  per 
cent.,  with  very  much  smoke,  an  abundauce  of  oxygen  being 
present  in  the  furnace  but  not  coining  in  contact  with  all  of  the 
carbon  of  the  gases  during  the  period  that  the  temperature  is  high 
enough  for  union.  An  ordinary  tallow  candle  has  a  flame  about 
one  inch  long  with  the  gas  Imrning  on  the  outside  tjf  it?^  juass;  if 
the  candle  should  be  nuich  larger,  with  a  wick  to  correspond,  then 
the  mass  of  gas  would  be  larger  in  proportion,  and  consequently 
the  flame  must  bt*  larger  because  the  mass  can  Inirn  on  the 
surface  only.  With  a  small  piece  of  coal  there  %vouKl  lie  a  short 
flame;  a  large  piece,  however,  would  give  off  a  large  mass  of  gas, 
and,  consequently,  there  would  be  a  long  flame,  which  would 
require  so  much  time  in  burning  that  it  would  reach  to  the  heat- 
ing surface  and  be  cooled  below^  the  temperature  of  union  result- 
ing in  smoke. 

The  cause  of  smoke  is  a  failure  of  an  intimate  nuxture  of  gas 
and  air  during  the  brief  period  of  sufficient  temperature.  If  it 
were  possible  to  thoroughly  stir  the  gas  and  air  together  in  the 
furnace  so  that  there  would  be  a  complete  mixture,  the  result 
would  be,  with  a  sufficient  air  supply,  that  all  of  the  carboti  would 
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be  oxidized  to  carbon  dioxide ;  with  a  less  air  supply  the  tendency 
would  be  to  produce  carbon  monoxide,  each  a  colorless  gas,  un- 
accompanied by  flame.  It  is  in  an  effort  to  promote  such  mixture 
that  steam  jets  are  employed,  likewise  arrangement  of  brick  work 
tending  to  influence  the  flow  of  the  gases,  and  stir  them  together. 

Best  results  will  be  had  in  preventing  smoke  when  the  efforts 
are  directed  especially  to  the  effecting  of  a  thorough  mixture, 
which  will  require,  with  a  furnace  directly  ex})osed  to  the  boiler, 
that  it  be  obtained  as  quickly  as  possible,  while  with  a  furnace 
covered  with  an  arch  there  is  more  tune. 

Generally  best  results  with  hand  firing  are  had  with  small  sized 
coal,  fed  uniformly  over  the  surface  of  the  fuel  bed  in  a  thin 
layer,  and  the  coaling  being  as  near  continuous  as  possible.  This 
method,  with  a  clean  grate,  has  been  quite  successful.  An  ac- 
cumulation of  clinker  is  harmful  because  it  obstructs  the  air  supply 
to  the  fuel  above  it.  This  is  similar  to  the  action  of  mechanical 
stokers  and  implies  that  the  hand  method  be  made  to  conform  to 
the  performance  of  the  machine  as  far  as  possible.  With 
mechanical  stokers,  the  coal  is  usually  fed  to  one  end  of  the  grate 
and  the  ash  discharged  at  the  other,  but  with  hand  firing  the 
supply  of  fuel  is  at  the  toj)  of  the  fire,  and  it  would  be  desirable 
to  discharge  the  ash  from  the  bottom.  This  has  been  quite  satis- 
factorily accom})lislied  by  means  of  a  shaking  grate  continuously 
kept  in  motion.  Its  action,  together  with  the  occasional  prompt 
removal  of  a  small  clinker,  has  insured  a  clean  fire  and  made  the 
occasional  cleaning  of  the  fire  unnecessary. 

A  uniform  feed  of  the  combustible  of  all  else  is  most  important, 
and  in  this  connection  Fig.  S7  is  of  interest.  This  furnace  is 
a  gravity  stok(»r  feeding  from  the  front  and  provided  witli  vor- 
tically  inclined  fire  bars.  Tlu*  fuel  did  not  feed  down  the  incline* 
in  a  satisfactory  manner,  and  as  the  macliine  would  itself  operate, 
the  gas  analysis  showecl  about  0  or  7  per  cent.  CO^y  and  12  or  VI 
])er  cent.  0;  consecpiently  tlie  efficiency  and  ca])acity  were  botli 
low,  but  there  was  no  smoke.  Tliat  tlie  capacity  sliould  be  gn^ater, 
the  practice  of  forcing  the  coal  down  the  grat(*  by  means  of  a 
poker  through  the  corner  doors  was  ad(>])t(Ml ;  tliis  resnlted  in  mak- 
ing much  smoke.  When  the  work  of  correcting  tlie  tronble  was 
undertaken,  the  econonieter  in  the  ])lant  was  moved  to  this  furnace 
and  connected.  The  readings  shown  by  the  curves  in  the  diagram, 
Fig.  87,  were  taken  every  minute,  one  of  a  period  of  two  liours 
and  twenty-six  minutes ;  the  other,  two  hours ;  both  covered  an 
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interval  which  iiichuled  two  eloaningrt  of  the  firo,  at  which  time 
the  lower  jM)rtioii  of  the  grate  was  opened.  These  cleanings  are 
designated  as  FC,  It  had  been  the  assumption  that  after  the  fire 
was  cleaned,  an  immediate  large  snpj)ly  of  coal  was  required. 
For  this  reason  coal  was  poked  down,  resulting  in  the  large  drop 
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in  CO'i  as  shown  in  the  lower  curve.  All  of  the  drops  in  this 
curve  Tvere  caused  by  poking  down  the  coal  with  the  exee])tion  of 
those  at  the  time  of  eleaniug  the  fire,  and  were  accompanied  by 
escaping  hydrocarbons,  incomplete  combustion  and  smoke.  The 
upper  curve  shown  the  iiiqiruved  practice  seeuretl  by  more  earefnl 
manipulation^  the  feed  of  the  coal  down  the  grate  being  helped 
by  means  of  a  thin  slice  bar  through  the  lower  poTtioii,  so  listed 
EB  to  help  the  ash  in  it^  descent*     This  resulted  in  an  eutirelj 
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smokeless  combustion  and  a  larger  eapacitj  than  had  been  obtained 
before.  The  plant  has  between  70,000  and  80,000  square  feet 
of  boiler  heating  surface,  served  by  10  gravity  feed  i^tokers  as 
mentioned,  13  chain  grate  stoke rs,  two  down  draft  furnaces  and 
three  hand  fires  with  shaking  grates.  Of  these  the  gravity  feed 
stokers,  the  down  draft  furnaces  and  eight  of  the  chain  grates 
were  served  by  the  large  chimney  shown  in  Fig.  88;  the  others 
by  another  chimney  not  shown.  The  three  hand  fires  of  52  square 
feet  of  grate  each  were  fired  by  two  men  who  made  much  smoke. 
The  remedy  applied  to  these  three  units  consisted  in  reducing 
the  grates  to  47  square  feet,  and  putting  a  man  to  each  fire.  The 
result,  with  the  method  of  firing  as  outlined  above,  was  very 
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satisfactory  and  later  a  fire  brick  arch  was  sprung  over  each  fire 
and  steam  jets  placed  in  front  with  the  object  of  making  the  work 
easier  for  the  men. 

The  two  down  draft  furnaces  had  been  fired  by  one  man.  This 
was  changed  by  putting  a  man  to  each  furnace  and  adopting  the 
following  method  of  working  the  fires.  A  rather  thick  bed  of 
coal  was  maintained  on  the  upper  grate,  which  was  frequently 
and  carefully  sliced,  in  a  manner  to  ensure  that  the  hot  coke  in  the 
bottom  of  the  bed  would  drop  through  to  the  lower  grate,  and 
that  the  green  coal  would  not  be  disturbed  enough  to  drop  down. 
Immediately  after  each  slicing  the  fire  on  the  bottom  grate  was 
leveled  with  a  rake.  The  lower  fire  was  kept  clean  and  it  burned 
about  as  much  fuel  as  the  upper  one.  One  of  these  furnaces  of 
about  100  square  feet  in  both  grates  would  burn  more  coal  with 
this  active  condition  than  one  man  could  furnish  if  given  full 
air  supply;  therefore,  the  ash  pit  doors  were  kept  partly  closed 
to  keep  down  the  capacity.  With  this  method  the  €0%  would 
average  as  high  as  14  with  no  CO  and  there  was  almost  no  sign  of 
smoke. 

The  gases  from  the  chain  grate  fires  went  directly  among  the 
tubes  of  the  boiler  and  tliere  was  always  some  smoke,  not  such  an 
amount,  however,  as  would  have  justified  the  large  expense  re- 
quired to  make  the  clianges  in  the  apparatus  that  would  have 
ensured  their  correction. 

The  condition  of  the  chhuney  in  the  photograph  shows  the 
result  of  the  improved  methods,  the  smoke  issuing  being  about 
the  average  and  almost  all  of  it  from  the  chain  grates.  This  ex- 
ample is  interesting  inasmuch  as  it  was  a  most  serious  case  of 
smoke  nuisance,  and  the  three  types  of  furnaces  that  gave  the 
trouble  were  corrected  without  any  changes  in  the  apparatus. 

In  an  experiment  to  determine  the  relative  amount  of  smoke 
made  by  a  down  draft  furnace  with  the  then  prevailing  practice, 
as  compared  to  that  outlined  above,  a  metal  strip  was  suspended 
in  the  flue  for  a  required  interval;  the  accumulation  of  carbon 
was  then  scraped  off  and  weighed.  During  the  evaporation  of 
1,000  cubic  feet  of  water  with  the  practice  that  prevailed  the 
weight  of  the  carbons  was  63  milligrams.  With  the  improved 
method  during  the  evaporation  of  1,054  cubic  feet,  the  accumula- 
tion was  3  milligrams. 

Referring  to  Fig.  89,  the  four  chimneys  of  one  of  the  Chicago 
Edison  Company's  stations  will  be  seen,  two  appearing  on  each 
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side  of  t!ie  parsing  schooner.    These  are  exanijjles  of  wliat  iimy  be 
accomplished  with  a  bituminous  eoal  as  a  fuel.     The  furnaces  are 
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e<iiiipped  with  chain  grates,  and  have  a  hmg  tile  roof  extending  to 
the  hack  of  the  boiler. 

Arches,  "  Dutt^h  ovens/'  etc.,  are  often  considered  as  aeeom- 
plishing  mnch  in  the  way  of  preventing  smoke.     It  will  be  in- 
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Fig.  90, 

teresting  to  view  tlie  matter  from  the  standpoint  of  a  reverhera- 
tory  furnace  as  indicated  by  Fig.  90,  The  length  from  bridge- 
wall  to  chimney  in  this  case  is  about  21  feet,  and  the  height  of 
the  chimney  45  feet.  As  the  chimney  lining  is  at  least  red  hot 
for  a  considerable  distance,  it  is  a  case  most  favorable  for  bigh 
21 
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temperature,  with  opportunity  for  the  gases  to  mix  together 
unobtainable  in  the  ease  of  a  boiler  furnace,  strong  air  jets  from 
the  twyers  are  also  an  assistance.  Such  furnace,  when  fired  uni- 
formly at  frequent  intervals,  will  show  no  smoke  at  all,  but  a 
heavy  coaling  will  produce  dense  smoke. 

The  best  scheme  for  a  smokeless  furnace  appears  to  be  the 
combination  of  a  mechanical  stoker,  ensuring  a  uniform  feed  of 
the  coal  and  a  large  mixing  chamber.  Steam  and  air  jets,  arches, 
mixing  and  combustion  chambers,  all  have  advantages,  but  not 
enough  to  overcome  the  effects  of  irregular  and  heavy  coalings. 
Probably  the  two  cases  illustrated  in  Figs.  88  and  89  show  the 
value  of  the  hot  chamber.  The  stoker  in  each  case  is  of  the  same 
make;  with  each  the  mixture  of  combustible  and  air  starts  right  at 
the  fire,  but  with  one  it  is  not  finished  on  account  of  the  presence 
of  the  cooler  boiler,  while  with  the  other  it  is  perfected  in  the 
mixing  chamber. 

Mr,  E,  P.  Bates, — I  will  just  say  a  word.  Something  perhaps 
that  every  gentleman  here  may  be  more  familiar  with  than  I  am 
myself.  But  to  illustrate,  in  my  early  practice  I  was  in  St.  Louis 
fitting  up  some  large  buildings  with  steam  apparatus,  and  every 
one  knows  how  smoky  St.  Louis  was  a  few  years  ago,  but  on  a 
later  visit  there  I  was  talking  with  the  engineer  of  a  building  where 
they  were  operating  my  apparatus,  and  we  were  commenting  on 
the  difference  in  the  appearance  of  the  city.  He,  the  engineer, 
said,  "  The  city  has  passed  an  ordinance  which  prohibits  the  escape 
of  smoke  under  penalty  of  heavy  fines."  It  was  a  prohibitory 
ordinance,  and  he  said,  "  Come  up  on  top  of  the  building."  We 
took  an  elevator  and  went  up  on  top  of  the  building — the  first 
10-story  building  ever  built  in  St.  Louis — and  observed  the  tops 
of  the  chinmey  nearby.  The  engineer  said,  "  There  is  a  build- 
ing nearby  that  consumes  so  many  tons  of  coal  per  month  to  run 
its  elevator,  heat  and  pump  water.  And  when  this  ordinance 
was  passed  the  owner  went  to  the  engineer  and  said,  *  I  will  give 
you  all  the  saving  you  will  effect  in  fuel  if  you  will  prevent  the 
escape  of  black  smoke  from  your  stack.'  "  The  engineer  took  it 
up  and  began  a  system  of  firing  different  from  the  careless  firing 
which  they  had  previously  been  practicing,  and  which  nearly  every 
engineer  permitted.  The  custom  was  in  using  the  Illinois  coal 
which  our  friend  speaks  of,  to  open  the  door  and  cover  nearly  the 
entire  surface  of  the  fire  thickly  with  very  poor  coal.  Of  course 
the  temperature  of  the  furnace  dropped  down  to  a  very  low  point 
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and  the  consequence  was  that  the  black  smoke  would  pour  out 
for  several  minutes  at  least.  But  in  the  new  system  they  fire  the 
coal  on  the  front  of  the  furnaces;  say  about  16  inches  of  the  front 
of  the  grate  was  fired  with  fresh  coal.  The  remainder  of  the  fire 
was  left  incandescent.  The  coal  fired  on  the  front  of  the  grate 
l)ecame  coked  and  in  a  few  moments  was  spread  by  a  hoe  over  the 
fire.  Another  instalment  of  fresh  coal  was  put  on  the  front  of  the 
grate,  and  in  that  way  they  were  enabled  to  fire  with  very  much 
less  fuel  and  had  no  black  smoke  issuing  from  the  stack.  There 
was  color,  though,  from  the  top  of  the  stack,  very  visible,  but  it 
was  gray  and  not  black,  and  in  the  building  to  which  I  refer  the 
engineex  increased  his  pay  some  $14  a  month  by  the  saving  in  fuel. 
Mr.  Gus  C.  llenning, — 1  would  like  simply  to  explain  what  I 
have  seen  in  Vienna,  where  the  Central  Electric  station  is  placed 
immediately  opposite  the  Archduke  Albrecht's  palace,  and  the  con- 
dition, I  believe,  on  which  16,000  horse-power  was  allowed  to  be  put 
there  on  the  banks  of  the  Danube,  was  that  no  smoke  shall  ever  issue 
from  the  stacks  of  any  one  of  (54,250  Bal)cock  &  Wilcox  lx)ilers, 
for  the  period  of  15  minutes.  If  the  smoke  issued  ever  so  little 
they  were  fined  heavily,  so  nmch  a  minute  for  the  time  the  smoke 
issued.  I  went  there  and  examined  those  boilers,  one  row  of  which 
was  completed  and  had  been  in  o{)eration  for  several  weeks,  burn- 
ing Austrian  coal,  being  the  poorest  and  dirtiest  of  coals  (much 
worse  than  the  Illinois  coal),  I  was  shown  how  that  apparatus  was 
operating.  They  simply  admitted  a  little  air  and  steam  through  a 
certain  ai)paratus  on  the  door  and  within  the  furnace,  into  the  fur- 
nace, and  when  the  door  was  closed  it  made  the  a])paratus  operative. 
Shutting  off  the  apparatus  smoke  issued  from  the  stack  witliin  two 
minutes.  There  were  two  stacks,  one  for  each  set  of  boilers,  and 
I  think  I  am  not  mistaken  in  saying  they  were  ;32,"250  liorse-])Ower 
boilers  in  one  row  on  each  sid(»  of  the  centre.  Witliin  15  seconds 
the  inspector  blew  the  whistle  to  notify  them  that  the  chinmey 
was  smoking.  There  was  simply  a  trace*  of  smoke  coming  out. 
The  foreman  came  and  raised  an  awful  row  among  the  Hungarian 
firemen.  He  did  not  know  we  were  there  experimenting  with  the 
boilers.  Within  another  half  minute  that  smoke  had  ceased 
because  they  simply  ch)se(l  the  door  and  allowed  the  apj)aratus  to 
operate.  It  is  an  automatic  a])paratus  which  o])erates  through 
pneumatic  pressure  in  a  chamber  on  the*  furnace  door  and  the 
quantity  of  steam  admitted  througli  a  ])eculiar  nozzle  right  above 
the  furnace  door  produced  j)erf(»ct  combustion  so  that  smoke  was 
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not  produced.  In  the  City  Hall  at  Vienna  they  have  exactly 
the  same  apparatus,  and  in  th(»  famous  Opera  House  and  Court 
Theatre  in  Vienna  as  well.  Xever  does  the  slightest  trace  of 
smoke  issue  from  any  of  these  buildings.  We  cannot  here  realize 
what  filthy  coal  is  used  there.  They  also  use  this  apparatus  on 
locomotive  engines,  and  thus  stopped  the  production  of  smoke  there 
to  a  great  extent.  I  must  say  one  thing — they  fire  very  fre- 
quently. Because  with  this  poor  coal  this  is  one  of  the  essentials. 
They  fire  ahnost  by  the  cl(K*k,  feeding  regular  numbers  of  shovel- 
fuls. Otherwise  the  thing  is  automatic.  There  is  no  difficulty 
at  all  there  in  preventing  smoke  production. 

Mr,  Bates, — I  would  like  to  have  Mr.  Ilenning  tell  us  perhaps 
a  little  more  exi)licitly  what  he  means  when  he  says  there  is  no 
smoke.  Is  there  any  color  at  all  of  the  gases  that  escape  from  the 
top  of  the  chinmey? 

Mr,  Ilenning, — There  is  absolutely  no  color. 

Mr.  Bates, — Nothing  to  see  ? 

Mr,  Ilenning. — Absolutely  nothing  until  they  open  the  door  to 
fire,  when  for  an  instant,  you  will  see  a  litth^  color — ^not  smoke, 
a  yellow  coloration,  the  beginning  of  the  smoke  and  as  they  have 
to  thrr)w  in  so  many  shovels  of  coal,  two  men  do  it,  one  oi")ens  the 
door  and  tlio  other  throws  in  the  coal.  There  is  no  smoke  pro- 
duced. Before  the  cold  air  has  a  (*hinic(»  to  ])revent  complete  com- 
bustion, the  furnace  is  again  closed.  It  has  been  in  use  now  since 
18J)5  in  the  City  Hall  and  for  several  years  before  that  in  other 
pla(*es;  but  its  latest  development  at  the  electric  station  was  ab- 
solutely perfect.     Jt  is  the  Langer  system  of  smoke  prevention. 

Mr.  II.  de  B.  l\irs()}is. — (Contributed  after  the  meeting.)  In 
order  that  a  fuel  may  be  burned  so  as  to  produce  little  or  no  smoke, 
it  is  necessary  that  three  re(|uisit(»s  be  fulfilled: 

1.  An  excess  of  air  must  ])ass  tlirough  tlie  furnace; 

2.  A  high  tem])erature  must  be  present ;  and 

»3.  The  constituent  ])articles  of  tlie  fucd  must  be  thoroughly 
mixed  with  the  incoming  oxygen  befon^  tlie  t(Mn])erature  has  been 
reduced  below  that  necessary  for  chemical  union. 

The  object  sought  should  be  smoke  prevention,  and  not  smoke 
consumption. 

The  loss  of  heat,  due  to  the  lack  of  combustion  of  such  constitu- 
ents as  fonn  smoke,  is  small,  probably  not  exceeding  2  ])er  cent. 

In  practice,  therefore,  there  is  little  direct  economy  gained  by 
a  "  smokeless  "  fire.     On  the  other  han<l,  smoke  generation  is 
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niogt  frequeiitiy  a  sign  of  inipf>rfe€t  eoiiihii^tion,  and  nil  evidence 
that  other  k>8rtf*tt  tli«ij  siiiiply  stuokt'  geiitn'atioii  aiv  Inking  place*. 
An  effort,  then,  to  prevent  Kinoke  will  re^iiit  in  oeouoniv,  ilur  to 
chrtng*'*!  <^an<Htions  in  the  fiirniu^.(%  It  is  to  tliiH  cunsc%  and  not  to 
**  aiiioke  i^onsiimpfion,"  thai  the*  bo-chIUhI  .smoke  ronsuuiera  may, 
and  Hometimefl  do,  show  improved  resiUts. 

The  stt^^m  hoik^r  is  purposely  designed  to  ahsnrh  the  lieat  of 
thi*  iire*  and  h  intentled  t*>  let  only  9*1  niiieh  ej^c'H]*e  as  muv  Iw 
ia*ee8twirY  tVjr  drijft  creation-  This  euiiilitiou  euoU  the  prodiiet^  of 
coiphnfttion  often  helow  tliat  neee^sary  for  the  imioii  of  oxygen 
with  earl.Min  or  hydrogenv  ITnkss,  therefore,  the  nnion  has  taken 
place  before  the  paTtieles  are  properly  mixed  and  drawn  against 
the  (fooling  surfaees,  under  the  swift  action  of  a  fierce  draft,  im- 
j)erfect  condiUistion  will  rei^iilt. 

As  the  greatej^t  heat  15  generated  hy  perfect  cotnbustion,  tlie 
fuel  shonld  he  eom[)letely  hurned  hrforf  the  pro(hieti=i  jmi^s  to  the 
boiler  jiiirfaeei?.  The  |)lans  shtndd  so  arrange  tlitj  furnace  and  tbe 
lioiler,  that  eaeh  may  meet  it..s  own  conditions,  whicli  are  t^oxitrary 
and  oppoBod  to  cmt?  another* 

The  «iniple!4t  arrangement  woidd  be  to  separate  the  fnrnacc  in  a 
fire-brieked  ebandier,  large  enmigh  to  effec*t  eomplete  nninn,  and 
then  pasi*  the  liot  prodtiet^  to  the  boiler.  Whenever  this  plan  ha;^ 
bi*en  properly  earrie<l  out,  tiie  reBiilt  has  always  been  satisfactory. 
It  ha^s  incidental  advantages,  sneh  as^  the  jirevention  of  cold  air 
striking  tlie  hot  lioib-r  plates  dnring  perindn  of  tiring,  as  well  af? 
fuel  eeonomy  and  smoke  prevention- 
No.  148- 

Tub  imy  term  ever  1>een  snggf^sted  to  diHcrfminate  Ijetween  the  elastic  reBiBlMiGe 
offertxl  Uy  a  IhkIt  io  q  forc^e  tending  iu  ctiunge  itM  sbape  iind  timt  ojfer^d  by  the 
line  body  to  u  force  teiiiling  to  clian|fe  its  volume?    How  much  of  tlie  latter 
itkd  of  elnsticitv  Ims  Indiu  rubber? 


Jfn  F~  J.  Miller, — In  regard  to  Topieal  Qnestion  No*  148,  I 
a^snmc  that  wliat  is  meant  by  the  term  **  elastic  red  stance/^  is 
resistance  to  compreseion  or  change  of  form  or  volume  within 
tiie  elastic  limit  of  the  substance*  I  do  not  know  whether  we 
have  a  term  wliich  discriminates  between  that  kind  of  elasticity 
which  permits  a  Imdy  to  change  its  form  and  return  to  it  againy 
and  that  %vhieh  permits  it  to  change  its  bulk  and  retnrn  to  it  a^ain, 
hot  that  we  shonld  recognize  the  difference  between  the  two  thinga 
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in  practice  was  strongly  impressod  upon  my  mind  by  some  ex- 
perience I  had  in  my  earlier  days  of  working  with  machinery, 
when,  having  repair  work  to  do  in  a  large  manufacturing  estab- 
lishment, I  noticed  that  the  steel  neck  or  gudgeon  of  a  feed  roller 
in  a  woodworking  machine  was  very  frequently  broken  off,  which 
necessitated  boring  out  the  inserted  part  and  fitting  a  new  pin. 
This  breakage  occurred  so  often  that  I  finally  concluded  to  make 
a  further  investigation,  and  then  found  that  the  roller  was  pressed 
to  the  lumber  by  a  spring,  which  spring  was  a  piece  of  rubber, 
similar  to  that  used  for  car  springs;  it  was  cylindrical  in  shape 
and  inclosed  in  a  solid  iron  shell,  within  which  the  rubl)er 
fitted  cla^ely,  j)roventing  its  lateral  ex])ansion  when  compressed 
endwise. 

Prevented  thus  from  expanding  laterally,  it  was  in  reality 
about  as  solid  and  unyielding  as  a  block  of  oak  wood  would  have 
been,  and  was  therefore  really  no  spring  at  all;  the  natural  result 
was  that  a  board  a  little  thicker  than  the  usual  one  would  invari- 
ably break  off  the  neck  of  the  roll.  This  rubber  was  replaced 
by  a  helical  wire  spring,  and  there  was  then  no  further  trouble. 

Now  it  is  evident  that  if  there  had  been  a  close-fitting  piston 
iu  this  iron  slioll,  with  air  eonfin(Ml  a])Ove  it,  this  air,  by  reason  of 
its  elasticity,  would  have  allowed  the  piston  to  rise  upon  occasion, 
and  the  roll  with  it,  thereby  preventing  the  breakage.  In  other 
words,  the  elasticity  possessed  by  air  allows  it  to  change  its  vol- 
ume, while  that  possessed  by  rubber  seems  to  allow  it  to  change 
its  form  only;  or,  at  least  it  seems  to  possess  very  little  of  what 
might  be  called  elastic  compressibility. 

Inventing  a  tiM'in  to  distinguish  between  these  different  kinds 
of  elasticity  might  Ix*  the  appropriate  work  of  a  philologist  rather 
than  of  an  engine(*r,  but  we  commonly  refer  to  both  rubber  and 
oir  as  being  highly  elastic.  That  there  is  an  important  difference 
in  the  way  they  manifest  their  elasticity  seems  evident,  and  it 
might  tend  toward  greater  clearness  in  our  treatment  of  mechani- 
cal subjects  if  we  had  a  term  or  terms  which  would  distinguish 
between  the  two  manifestations  or  properties. 

The  mathematicians  liavc  gone  into  the  questions  of  elasticity 
and  elastic  resistance  very  thonmghly,  and  as  I  remember  it  from 
my  school  days  it  recjuires  for  coni])lete  discussion  partial  dif- 
ferential equations  an<l  other  mathematical  exj)ressions  that  would 
be  worse  than  any  that  have  ever  been  y)resented  to  the  Society. 

Briefly,  however,  I  may  note  that  two  kinds  of  elasticity  are 
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frequently  referred  to.  First,  the  elasticity  of  volume  or  the 
change  of  volume  for  a  body  subjected  to  uniform  pressure  over 
the  whole  surface.  This  is  the  only  kind  of  elasticity  possessed  by 
liquids  or  gases.  India  rubber  is  in  respect  to  this  kind  of  elas- 
ticity in  much  the  same  class  as  steel  or  wood  or  water. 

The  other  form  of  elasticity  is  also  known  as  rigidity  and  is  the 
resistance  to  shearing.  If  we  consider  an  elementary  cube  or 
square  of  a  body  that  is  to  be  subjected  to  shear,  then  the  sides 
of  this  cube  or  square  will  under  shear  be  shifted  sideways  so  that 
the  square  becomes  a  rhombus  or  parallelogram,  and  the  amount 
of  this  shifting  is  used  as  a  measure  of  the  elasticity. 

What  is  commonly  referred  to  as  elasticity  is,  of  course,  a  com- 
posite of  both  expansion  and  contraction.  Thus  when  a  piece  of 
India  rubber  is  pulled  it  expands  lengthways  and  contracts  side- 
ways, or  if  it  is  compressed  sideways  it  will  expand  lengthways. 
The  resulting  stress  acting  on  any  small  portion  of  the  piece  is 
quite  complicated  and  is  apt  to  be  in  the  nature  of  a  shear.  This 
is  shown  by  the  familiar  fact  that  when  test  pieces  are  broken  in 
compression  the  line  of  fracture  is  apt  to  be  at  45  degrees  to  the 
axis,  while  when  broken  in  tension  the  cup-like  fracture  that  often 
occurs  shows  that  the  force  acting  at  any  i)articular  point  of  the 
test  piece  is  not  necessarily  sinij)le  tension. 

The  term  "  Young's  modulus  ''  is  frequently  used  to  refer  to  the 
elasticity  of  a  body  in  a  longitudinal  direction  that  is  free  to 
expand  or  contract  laterally.  Tliis  would  be  the  kind  of  elasticity 
possessed  by  India  rubber,  or  by  a  helical  s])ring. 

Another  point  in  which  scientific  and  vulgar  usage  differ  is  in 
respect  to  the  measure  of  elasticity.  The  measure  of  elasticity  is, 
in  most  treatises  on  the  subject,  taken  as  tlie  force  recjuired  to 
produce  a  given  changes  of  volume  or  a  given  extension,  so  that 
water  or  steel,  which  re([uire  a  large  force,  have  a  high  coefficient 
of  elasticity,  while  India  rubber  or  air  are  very  easily  compressed, 
and  possess  a  small  coefficient  of  elasticity.  In  other  words,  a  body 
with  a  small  coefficient  of  elasticity  is  vulgarly  referred  to  as  being 
very  elastic  while  if  the  coeffici(^nt  is  lan/e  the  common  expression 
would  be  that  the  body  was  inelastic. 

If  a  body  is  homogeneous  and  has  the  same  qualities  in  all  direc- 
tions, then  it  will  have  the  two  kinds  of  elasticity  referred  to  above, 
besides  the  "  Young's  modulus/'  which  is  a  composite  of  the  two. 
If,  however,  a  body  though  homogeneous  has  not  got  the  same 
qualities  in  all  directions,  as,  for  instance,  a  crystal  or  a  piece  of 
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wood,  there  will  be  found  instead  of  two  kinds  of  elasticity  (volume 
and  shearing)  twenty-one  kinds. 

Prof.  Albert  Kingsbury. — It  has  been  shown  by  Prof.  J.  B.. 
Johnson  ("  Materials  of  Construction/'  page  6)  that  rubber  is 
probably  less  susceptible  to  change  of  volume  under  pressure 
than  any  other  known  substance.  His  argument  is  based  uj)- 
on  the  fact  that  rubber  does  not  api)reeiably  change  its  volimie 
under  simple  tension  or  simple  compression  Poisson's  ratio 
being  very  nearly  one-half  for  that  material,  while  all  other 
substances  increase  in  volume  under  tension  and  decrease 
under  compression.  It  would  thus  appear  that  the  principal 
elasticity  in  the  device  described  in  the  topical  question  was  that 
of  the  tube  in  which  the  rubber  was  confined,  the  tube  being  sub- 
jected to  internal  pressure;  and  hence  the  resilience  was  very 
slight. 

Mr.  Svplee. — Professor  Kingsbury's  remarks  lead  me  to  men- 
tion a  boiler  tube  expander  which  1  saw  many  years  ago  in  Phila- 
delphia, built  on  that  very  principle. 

This  expander  was  made  of  a  piece  of  rubber,  much  like  a 
rubber  car  si)rin^,  witli  a  hole  through  its  axis,  and  a  differential 
screw  running  through  it  so  that  it  could  be  subjected  to  a  verj" 
powerful  axial  coin])rossion.  The  rubber,  being  practically  incom- 
l)rossible,  expanded  radially  as  the  screw  was  tightened,  and  when 
inserted  into  a  boiler  tube  it  ex])an(led  the  tube  out  into  the  tube 
sheet  as  effectively  as  any  roller  expander.  The  advice  acted  prac- 
tically like  a  hydraulic  press,  in  which  the  rubber  took  the  place 
of  the  liquid,  with  the  convenience  that  no  provision  was  neces- 
sary against  leakage. 

Mr.  Fi-anris  11.  Bu-lianU. — I  would  like,  incidentally  to  call 
attention  to  one  or  two  j)oints  about  the  lK»liavior  of  rubber.  It 
is  very  difficult  to  get  ])ure  rubber  which  is  entirely  free  of  air  or 
gases.  Kecently  J  had  oc(»asion  to  examine  some  specimens  under 
a  ])ower  of  50  to  100  dinmeters,  and  I  found  that  rubber  that 
had  been  absolutely  untreated — not  vulcanized  at  all — had  a  great 
many  bubbles  or  air  s])aces.  Most  of  these  were  very  small;  many 
were  not  more  than  a  1,000th  of  an  inch  in  diameter.  Of  course 
there  must  be  a  great  difference  in  the  physical  behavior  under 
mechanical  treatment  of  ])iire  rubber  and  of  vulcanized  rubber,  or 
of  acid-cured  rubber  (which  is  ])ractically  a  different  product). 
These  spaces  may  account  for  the  slight  variation  in  volume  that 
rubber  is  sometimes  supposed  to  have  when  treated  as  a  fluid  under 


TOPICAL   DISCUSSlOxVS   AXD    NOTES   OF    EXPERIENCE. 


I 


liigli  pFessures*  A  largt^  numbor  of  specimens  were  examined^ 
uiiti  those  small  air  bubbles  were  found  ia  all  the*  saauifles  inspectecL 

Mi\  Gu^  (\  //fttnr/i//.^The  elastic  resisttmcp  wbieh  a  body 
offers  to  forces  tending  eithnr  to  ebangc  tbeir  shape  or  their  volume 
is  identieally  the  same  in  kind. 

Let  us  asfiuiiie  that  a  block  of  material  be  subjected  simul- 
taooouslv  to  an  end  thrust  and  bending  force.  The  former  ^tU 
innnerliatelv  br  converted  more  or  less  into  the  latter,  and  will 
net  upon  the  material  m  a  nearly  identical  iminner  ^vith  it.  The 
resistance  offered  to  these  two  forces  will  therefore  be  the  saiue. 
This  is  caused  by  the  shifting  of  the  neutral  axi?^  of  the  nmterial 
Avith  relation  to  the  axes  of  the  forces  applied*  A  thriM  or  .crush- 
ing force  resolves  itself  intt»  bending  forces  imniediately  the  axes 
ijf  force  and  resistance  do  not  coincidt*  uuitbeuuitically. 

The  above  conditions  obtain  only  when  the  material  is  free  to 
move  in  one  or  more  tlirections. 

Let  us  now  assume  that  this  sanu*  |>iece  of  materia  1»  a  cube,  or^ 
better  stiUt  a  sphere  be  subject ed  to  forces  on  all  sitles,  each  being, 
therefore,  opposed  by  another  of  etptal  strength  at  all  points  of 
the  body.  Such  forces  cannot  produce  any  change  of  shape*  ex- 
cept espial  changes  toward  tlie  centre  of  mass,  thus  prodm^iug  a 
smaller  volmne,  and  hence  greater  tlensity. 

It  has  never  yet  been  proven  by  actual  test,  that  material  free 
from  voids  can  be  given  a  greater  density  under  pressures  calling 
into  play  elastic  rej^istance  *mly. 

Those  conversant  with  testing  materials  must  agree  with  the 
statements  in  the  fidlowing  [mragrajib  from  jrarten's  **  Hand- 
Umk  of  Tci?tiu«^  Materiids,'*  paragraph  2^k  page  14*  viz,; 

**  25*  A  property  of  solid  materials,  which  h  of  exceedingly  great 
iiufwirtance  to  the  technologist,  and  for  thi*  further  elucidations  in 
tl^U  work^  and  which  is  also  possessed  by  lii|ujd^,  is  that  by  which 
tJit**/  rhmtge  ih^ir  volume  hy  mily  an  mjinitdy  smaU  mtwuni  when 
stthje^^ted  to  e^d^rtud  umvenKid  premure^  provided  they  have  u 
deyree  of  fienmty—l^  i.e. ;  when  they  are  free  from  internal  voids; 
under  tliese  conditions  they  do  not  undergo  a  change  of  shape,  so 
long  as  their  internal  .-structure  does  not  provide  resistances  dif- 
ferent in  different  directions.  This  important  property  makes 
pousi^ible,  €,g.  tlie  phenomenon  tixat  even  very  elastic  bodies  such  as 
rnblier  behai'e  as  though  inelastic  wlsen  they  are  surrounded  by 
rigid  surfaces,  or  are  acted  upon  on  oil  sides  by  forceii  tending  to 
change  their  shape,'' 
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From  this  it  will  be  seen  that  there  is  but  "  one  kind  of  elasticity 
in  materials/'  and  that  India  rubber  has  practically  none  of  the 
assumed  second  kind,  even  if  it  existed. 


No.  149. 
What  has  been  your  experience  with  oU  burners  T 

Mr,  W.  J.  Wilcox. — ^The  Southern  California  division  of  the 
Santa  Fe  Railroad  burn,  on  all  their  locomotives,  crude  oil  which 
has  an  asphaltum  base  and  costs  $1  per  barrel.  It  is  received  in 
large  storage  tanks  from  pipe  lines  and  tank  wagons,  from  which 
tanks  it  is  pumped  into  local  tanks  near  the  track,  whence  it  runs 
by  gravity  to  a  stand  pipe,  and  is  delivered  to  the  engine. 

The  engine  tanks  are  built  with  round  corners  on  top  and  no 
coal  space  in  front,  the  oil  tanks  being  built  in  the  water  tanks, 
and  holding  about  7  tons  of  oil.  They  arc  supplied  with  steam 
coils  for  heating  the  oil  to  make  it  flow  freely  in  cold  weather, 
and  are  also  connected  with  tlie  air  reservoir  with  pipes,  check 
valves,  and  gauge  and  i)op  safety  valve,  where  a  pressure  of  3 
to  4  pounds  is  sometimes  used  to  get  a  free  flow  of  oil.  The  oil 
is  taken  from  the  tanks  l)y  means  of  a  hose  connection  between 
engine  and  tender,  the  oil  valves  on  the  tender  being  connected 
with  the  engine  bv  an  automatic  di^vice  which  closes  them  in  case 
the  engine  and  tender  part.  The  oil  after  it  leaves  the  tank  flows 
to  a  hot  box,  as  it  is  ealled,  under  the  engine  deck,  where  it  is 
heated  by  steam.  The  flow  of  oil  from  tliis  heater  is  regulated 
bv  a  stopcoek  manipulated  bv  a  rod  running  up  through  the  deck 
to  a  brace  about  level  with  the  throttle  lever.  The  upper  end  of 
the  rod  is  provided  with  an  arm  or  handle,  which  runs  around  an 
arc  or  quadrant  ha\nng  teeth  milled  into  it  to  hold  the  dog  on  the 
handle,  which  is  operated  by  the  fireman  to  regulate  the  flow  of 
oil  to  the  burner. 

The  burner,  a  patented  affnir,  is  called  the  Booth  burner.  It 
is  about  12  inches  long  and  4  inches  wide,  and  made  of  brass,  hav- 
ing two  passages  cored  in  it,  one  for  oil  and  one  for  steam,  both  of 
which  enter  at  the  bnck  end.  The  front  end  has  two  openings, 
one  for  oil,  3  inches  long  and  J  ineh  wide,  and  one  for  steam  3^ 
inches  long  by  .J^  inch  wide,  the  steam  opening  being  below,  so 
that  the  steam  carries  the  oil  with  it  when  the  burner  is  operated. 
A  globe  valve  within  easy  reach  of  the  fireman  regulates  the  atom- 
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heVt  90  called  bpcause  it  atomizes  the  oil  in  the  fire  box.  The 
burner  is  placed  under  the  mud  ring  at  the  back  of  the  ash  pan, 
which  is  partitioned  with  a  false  circular  bottom  riveted  to  the 
upper  part  of  the  sides,  and  dropping  enough  in  the  middle  to  take 
the  burner-  This  partition,  which  is  cast  iron^  is  provided  with 
three  holes  about  8  by  1 2  inches  and  8  incheiis  apart,  through  whicli 
the  air  enters  the  pan  through  dampers  at  the  front  and  back 
below  the  partitions  and  passes  up  into  the  fire  box,  which  has  no 
grates^  The  pan  and  fire  box  are  lined  with  fire-brick  as  high  as 
the  flues  on  the  aides,  front  and  back,  and  the  brick  arch  extends 
from  the  front  wall  about  one-third  the  length  of  the  fire  box;  it 
has  no  opening  in  front  or  through  it.  The  combustion  takes 
place  below  the  arch,  and  the  flanae  passes  around  the  areh  and 
then  to  the  flues.  The  fire  door  has  a  hole  through  its  centre  eov- 
er£*d  with  a  slide,  through  which  the  fireman  cleans  the  flues  when 
tbey  become  clogged  with  soot,  with  sand  handled  from  a  big- 
niouthcd  funnel  having  a  spout  at  its  bottom.  The  spout  is  placed 
in  the  hole  in  the  door^  and  the  sand  is  drawn  into  the  flues  by  the 
exhaust. 

The  front'Cnd  arrangement  is  pronded  with  a  mcdium-lieight 
Bozjsle  just  Iwlow  the  centre  of  the  boiler,  over  which  is  a  con- 
%wor  petticoat  plpe^  netting  and  diaphragm  plates  being  dis- 
pensed with.  The  siime  sized  nozde  tips  are  used  as  with  coal- 
burning  engines.  The  best  results  are  obtained  when  you  can 
just  see  the  least  color  of  the  smoke  issuing  from  the  stack.  The 
fireman  shiits  off  when  the  engineer  does^  or  he  has  black  smoke, 
and  rcEfulates  his  fire  with  the  draft  of  the  engine  by  the  quantity 
of  oil  feed,  the  atomizer,  and  blower. 

The  heat  from  the  oil  is  very  intense,  which  makes  it  necessary 
to  line  the  fire  box,  as  alwve  stated.  If  the  steam  pipes  or  boiler 
do  not  teak  there  is  no  trouble  in  keeping  up  steam,  unless  there 
is  something  else  radically  wrong  with  the  engine,  and  the  fire- 
man's job  is  an  easier  one  than  the  Engineer's, 

The  engines  average  about  30  miles  on  freight  and  55  miles 
on  passenger  service  to  one  ton  of  oil,  some  having  made  more 
than  100  miles  and  some  less  than  25  miles  in  different  service. 
The  oil  is  measured  in  pounds,  8  pounds  to  the  gallon,  and  42 
gallons  to  the  barrel,  wliich  would  be  about  six  barrels  to  the  ton, 
so  the  cost  of  one  ton  of  fuel  oil  would  be  $6, 

Measurement  is  made  in  the  tanks  by  means  of  steel  gauge?i,  the 
amounts  in  the  tank  before  and  after  taking,  and  the  difference 


332  TOPICAL  DISCUSSIONS  AND  NOTES  OF  EXPERIENCE. 

being  chained  to  the  engines  first  in  inches,  and,  after  calculating 
in  the  office,  in  pounds,  each  inch  representing  so. many  pounds. 

Mr.  Walter  S.  Ai-nold. — The  burner  which  has  proved  most  aatia- 
faetorv,  to  my  knowledge,  is  one  which  has  been  tested  in  this  sec- 
tion, invented  by  Ernest  M.  Arnold,  of  Putnam,  Conn. 

The  essential  requisites  of  an  oil  burner  using  fuel  oil  in  steam 
plants  would  seem  to  be  these : 

1.  The  complete  atomizing  of  the  oil. 

2.  The  complete  combustion  of  the  oil  before  the  flame  enters 
the  tubes  of  the  boiler  as  thus  soot  is  prevented  from  c(^ecting  in 
the  tube. 

3.  The  use  of  a  jet  of  steam  at  boiler  pressure  in  atomizing  the 
oil  as  the  steam  (which,  on  entering  the  furnace,  is  decomposed 
into  oxygen  and  hydrogen  and  thus  is  an  aid  to  combustion),  has 
the  effect  of  preventing  checking  of  the  boiler  surface  which  has 
been  observed  in  many  cases  where  oil  is  used  without  steam. 

4.  An  arrangement  of  the  parts  of  the  burner  so  as  to  utilize 
hot  air  from  the  furnace  in  heating  the  oil  before  it  leaves  the 
burner  as  it  has  been  found  to  atomize  in  a  much  better  degree 
when  heated. 

5.  Tlie  arrangement  of  the  paints  of  the  burner  so  that  in  case 
of  foreign  substances  entering  in  the  oil,  it  can  be  cleaned  while 
in  operation. 

Therc^  are  a  great  many  kinds  of  burners  on  the  market  for  using 
fuel  oil,  but  th(^  one  I  have  referred  to  above  is  the  only  one  that 
I  know  of  that  in  actual  practice  has  met  these  requirements. 

Prof,  Arthur  L.  WiUiston. — For  a  number  of  years  oil  burners 
were  used  at  the  Pratt  Institute,  and  liquid  fuel  Avas  used  exclu- 
sively under  (Mir  boilers  for  ]K)wer,  light  and  heat.  Our  exper- 
ience, therefore,  may  be  of  some  interest  to  the  Society.  The 
Keed  burner  was  the  one  which  was  principally  used  and  it  was 
found  very  satisfactory. 

Figure  01  shows  the  sectional  view  of  this  burner  and  the 
method  of  its  operation.  The  oil  is  admitted  through  the  small 
§-inch  pipe  in  the  centre,  and  the  steam  which  is  used  to  atomize 
the  oil  is  admitted  through  the  annular  chamber  marked  A.  The 
size  of  the  opening  through  which  the  steam  passes  may  be  varied 
by  turning  the  sleeve  B  either  to  the  right  or  to  the  left,  and  thus 
moving  the  outer  casing  C  ])ackward  or  forward.  The  stuffing-box 
D  is  needed  to  prevent  the  steam  from  leaking  at  the  back  end  of 
the  burner.     A  limited  quantity  of  air  is  admitted  through  the 
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centre  of  the  burner,  as  indicated  at  Ey  and  this  air  has  a  good 
opportunity  to  become  tlioroughly  mixed  with  the  steam  and  with 
the  oil  as  it  is  forced  into  the  furnace. 

The  chief  virtue  of  tliis  burner  is  that  it  thoroughly  atomizes 
tlie  oil.  Our  exi)erience  with  this  and  other  burners  showed  that 
any  burner  which  will  atomize  the  oil  will  give  good  results  pro- 
vided the  furnace  is  pro])erly  constructed.  The  most  important 
thing  is  the  furnace.  With  a  good  furnace  almost  any  burner 
will  do,  and  without  a  ])roperly  designed  furnace  I  do  not  believe 
it  is  ])ossil)lo  for  any  burner  to  satisfactorily  burn  oil  in  quantity. 
The  time  required  for  complete  combustion  is  so  great  that  it  is 
ne(*essary  to  liave  a  very  considerable  volume  to  the  flame,  and  it 
is  practically  impossible  to  atomize  the  oil  so  perfectly,  and  to 
mix  all  parts  of  the  atomized  jet  with  the  right  quantity  of  air  so 
exactly  as  to  have  instant  and  perfect  combustion  throughout  the 
entire  mass.  This  condition  is  theoretically  possible  and  may  be 
very  nearly  attained  in  the  small  flame  of  a  hand-blow  pipe,  but 
with  the  large  burners  that  are  necessary  where  oil  is  to  be  used 
as  a  fuel  under  boilers  it  is  impossible;  and  no  burner  has  ever 
been  constructed  that  will  accomplish  that  result. 

It  is  necessary,  then^fore,  where  oil  is  to  be  used  as  a  fuel,  to 
construct  a  furnace  of  sufficient  size  to  allow  time  for  the  complete 
combustion  of  tlie  atomized  oil  before  it  leaves  the  furnace.  It 
shoul<l  also  have  ])rovision  for  admitting  the  air  needed  for  perfect 
combustion  at  different  ])oints,  and  should  be  so  designed  as  to 
maintain  in  all  parts  a  very  high  temperature. 

'J'lie  construction  of  the  furnaces  which  we  used  at  the  Pratt 
Institute  for  a  ])erio(l  of  seven  or  eight  years  is  shown  in  Figs. 
02-04.^  'Vh('  oil  is  a<hnitted  through  the  two  burners  A  and  A^, 
which  are  ]>lacc(l  in  holes  drilled  through  the  fire  door.  These 
burners  are  set  so  as  to  direct  the  flame  against  the  fire  brick  in- 
cline ]>.  A  limited  amount  of  air  is  admitted  with  the  steam  and 
oil  through  the  burners,  but  additional  air  is  suj)plied  to  each 
burner  through  the  four  oi)enings  marked  C.  As  the  flame  passes 
over  the  bridge  wall  more  air  is  admitted  to  it  through  the  long, 
narrow  opening  marked  D.  And  all  ahnig  the  bottom  of  the 
chamber  between  the  bridge  wall  and  the  rear  of  the  furnace 
setting  there  are  a  large*  number  of  very  small  openings  through 
which  additional  air  may  be  admitted  to  the  flame  as  it  is  needed 

*  Credit  should  be  given  to  Mr.  Joseph  Foster,  chief  engineer  Pratt  Institutei 
for  the  design  of  the  furnaces  described  above. 


336  TOPICAL  DISCUSSIONS  AND  NOTES  OF  EXPERIENOB. 

for  perfect  combustion.  All  of  these  different  sets  of  air  openings 
are  furnished  with  dampers  which  may  be  nicely  adjusted  so  as 
to  admit  just  the  right  quantity  of  air  that  is  needed  in  each  part 
of  the  furnace. 

Mica  peepholes  were  provided  in  different  parts  of  the  setting 
through  which  the  fireman  could  watch  the  flame  in  all  parts  of 
the  furnace,  and  with  very  little  practice  he  was  able  to  adjust  the 
air  supply  as  he  varied  the  quantity  of  oil  burned,  so  as  to  get  per- 
fect combustion  with  almost  no  excess  of  air.  Under  these  condi- 
tions the  whole  setting  would  warm  up  to  uniform  temperature 
and  the  entire  furnace,  including  the  walls  of  the  mixing  chamber 
at  the  rear  of  the  boiler,  would  become  perfectly  transparent  and 
very  bright  red  in  color.  A  very  slight  change  in  the  air  supply 
above  or  below  the  proper  amount  would,  however,  disturb  this 
transparency  so  that  the  fireman  had  no  difficulty  in  nicely  regulat- 
ing the  combustion. 

With  the  dampers  rightly  adjusted,  the  products  of  combustion 
were  entirely  free  from  color  and  odor,  and  running  the  plant 
continuously  from  September  until  June,  the  flues  would  be  found 
each  June  as  clear  as  they  were  when  we  started  up  in  September. 
After  the  setting  was  uniformly  heated  it  would  maintain  its 
temperature  for  a  long  time.  At  night  we  would  turn  off  the  oil 
about  thirty  minutes  Ix^fore  we  wanted  to  shut  down,  at  the  time 
the  i)lant  was  carrying  its  heaviest  load,  and  the  heat  given  off  by 
the  setting  was  sufficient  to  do  the  required  work  with  no  per- 
ceptible falling  off  in  boiler  pressure.  And  if  we  shut  down  at 
night  with  00  pounds  pressure  we  would  find  70  to  75  pounds 
still  on  the  boilers  the  next  morning.  The  boilers  were  thus  freed 
from  the  changes  in  temperatun^  that  the  ordinary  hand-fired 
boiler  is  subjected  to.  This,  of  course,  is  favorable  to  the  life  of 
the  boilers,  and  during  tlie  entire  time  that  we  used  oil  as  a  fuel — 
a  period  of  nearly  eight  years — not  five  cents  was  spent  on  any  of 
the  boilers  for  repairs. 

Keferring  again  to  Fig.  02,  it  will  be  noticed  that  all  of  the  air 
that  enters  the  furnace  has  to  pass  first  through  long,  narrow  pas- 
sages of  heated  fire-l)rick  or  til(\  This,  of  course,  helps  to  main- 
tain the  uniform  high  temi)erature  necessary  for  perfect  combus- 
tion. The  passages  that  lead  to  the  openings  C  are  made  by  leav- 
ing space's  between  the  fire  brick  which  are  laid  in  the  space  that 
would  ordinarily  be  used  for  the  ash  pit.  This  brick,  after  the 
fire  has  been  started,  becomes  very  hot  and  as  the  openings  are 
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small  and  the  passages  of  air  corrpspondinglj  slow^  the  air  has 
a  cliance  to  be  well  heated  before  it  reaehes  the  flaiue  at  the  biir- 
ners.  The  two  passages  that  lead  to  tlie  opening  in  the  bridge  wall 
D  are  made  of  D-abaped  tile,  miirked  E  in  Fig.  93^  which  project 
upward  into  the  furnaee  so  as  to  expose  as  uuieh  surface  as  jKjssiblo 
to  the  flame.  The  largf^  THiiiilM?r  of  small  o])eiiings  in  the  space 
between  the  bridge*  wall  and  the  rear  of  the  setting  are  made  by 
inaking  a  small  V-shaped  nick  in  each  brick,  thus  connecting  the 
fiiniace  with  the  IhjIIow  passages  below,  marked  F  in  the  figurej 
wlueli  lead  to  the  rear  of  the  setting  where  the  controlling  daoipers 
are  phic ed. 

The  oil  is  passed  through  the  heater  F^  where  it  comes  in  con- 
taet  with  a  Bteaiii  c<nl  anil  is  bnat.ed  to  a  temperature  of  about 
180  degrees  Fahrenheitj  before  it  flows  to  the  burners  in  order  to 
haT(*  it  vaporize  more  readily  where  it  is  atomized. 

From  ttiis  de^en|jtiun  1  think  it  will  ho  clear  that  the  furnace 
bad  far  more  to  do  with  the  suocessful  burning  of  the  oil  than  the 
burner  had. 

In  connection  with  the  burning  of  oil  as  a  fuel,  I  would  Hke  to 
add  that  there  are  very  few  conditions  to-day,  with  oil  at  its  present 
price^  where  it  can  b<;*  Vmrned  as  cheaply  as  coal  whi^n  all  things 
are  taken  into  con^iflc^ratiMn,  ertpeciallj  in  property  which  has  to  b*^ 
ineured* 

For  a  short  time  (luring  the  present  coal  strike  we  were  again 
burning  oil  at  Pratt  Insliiutc,  and  a  great  many  persons  came  to 
iL*^  to  find  out  how  we  were  burning  it.  They  want.ed  to  do  the  same 
thing.  In  every  instance  we  asr^ked  tliem  if  they  had  considered 
the  insurance  question  and  advised  them  to  find  out  from  their 
insurance  agent  what-  increase  in  insurance  they  would  have  to 
pay  if  they  were  tn  burn  oil.  If  they  decided  tliey  wished  to  pay 
the  increased  insurance,  and  still  wanted  to  burn  oil  instcail  of  coal, 
we  told  them  that  we  would  l>e  very  glad  to  give  them  full  informa- 
tion and  show  them  just  how  to  do  it,  Xobody  ever  came  back  for 
further  information.  That  seemed  to  me  to  answer  the  question 
as  to  whether  oil  could  be  used  to  advantage  under  ordinary  cir* 
cniri stances  in  this  vicinity. 

There  is  one  place,  however,  wdi  ere  it  seems  to  me  oil  may  be  uned 
to  a  very  great  advantage,  and  that  is  in  connection  ^^th  the  pre- 
Tention  or  consumption  of  smoke.  It  requires  but  a  small  quan- 
tity of  oil  to  create  and  maintain  in  a  furnace  burning  coal  a  local 
temperature  sufficiently  high  to  make  any  smoke  out  of  the  ques- 
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tion,  if  the  oil  burners  and  the  furnace  are  so  arranged  that  all  the 
products  of  combustion  from  the  coal  Avill  have  to  pass  this  point 
of  local  high  temperature.  The  ordinary  method  of  burning 
bituminous  coal  with  a  minimum  amount  of  smoke  consists  of 
always  kec^ping  a  part  of  the  fire  bright,  so  that  the  smoke  and 
hydrocarbons  given  oflF  by  the  part  of  the  fire  on  which  fresh  coal 
has  been  throwTi  will  be  consumed  as  they  pass  over  this  bright 
part.  The  difficulty  is  to  get  firemen  or  mechanical  devices  to  do 
this  sufficiently  well. 

My  suggestion  is  to  merely  use  a  jet  of  oil  playing  against  the 
bridge  wall  or  a  fii*e-brick  arch,  or  the  back  of  the  mixing  chamber 
in  the  rear  of  the  ordinary  boiler  setting,  as  a  means  of  doing  with 
some  degree  of  ccrtainity  what  the  bright  part  of  the  ordinary  fire 
is  supposed  to  do,  but  what,  in  the  hands  of  the  ordinary  fireman 
it  does,  as  everybody  knows,  most  imperfectly. 

Where  smoke  ordinances  are  rigidly  enforced,  it  would  thus  be 
possible  by  using  a  small  percentage  of  liquid  fuel  to  bum  a 
cheaper  grade  of  coal  than  would  be  allowed  if  coal  were  the  only 
fuel  used. 

1  have  just  spoken  about  using  a  small  quantity  of  oil  in  con- 
nection with  a  coal  fire,  in  order  to  insure  the  combustion  of  the 
smoke  from  the  coal.  There  is  no  difficulty  at  all  in  a  properly 
arranged  furnace  in  consuming  oil  ])orfectly,  provided  the  oil  is 
cai)able  of  combustion.  The  oil  we  were  using  during  the  strike 
was  a  refuse  oil,  the  same  oil  practically  we  used  years  ago  except- 
ing that  now  the  refiners  extract  from  the  oil  a  great  deal  more 
than  they  used  to,  so  that  the  re-fuse  is  much  poorer  than  it  was 
foniierly.  Jt  contains  now  a  much  larger  percentage  of  material 
which  is  absolutely  incombustible,  and  as  a  result  we  are  getting, 
not  smoke,  but  a  very  delicate,  fleecy  white  cloud  from  our  chim- 
ney.    It  is  pure  white. 

Mr,  Kent, — What  docs  the  incombustible  material  consist  of? 

Professor  Williston. — 1  don't  know  exactly. 

2fr,  Kent, — It  is  not  carbonaceous? 

Professor  Will iston, — Xo. 

Mr,  Kent. — I  think  Professor  Williston  is  entirely  right  in  say- 
ing it  is  not  a  question  of  the  burner  in  burning  oil;  it  is  a  question 
of  the  furnace.  1  had  a  conversation  recently  w^ith  a  gentleman- 
whose  company  had  made  extensive  experiments  in  California  in 
burning  Texas  oil.  He  says  no  one  burner  is  better  than  any 
other,  that  all  the  burners  are  good  when  they  are  treated  properly 
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and  all  burners  are  bad  when  they  are  not  properly  handled.  Any 
kind  of  a  burner  will  burn  oil  and  burn  it  satisfactorily  and  with- 
out smoke  and  without  any  trouble,  provided  you  have  this  condi- 
tion, that  you  only  want  to  burn  a  very  small  quantity  of  oil,  but 
as  soon  as  you  want  to  get  up  to  commercial  quantities  of  oil  you 
meet  with  difficulties  which  are  not  at  all  overcome  by  changing 
the  form  of  the  burner,  but  tliey  are  overcome  by  building  the 
furnace  right  and  handling  it  right.  There  is  no  better  burner, 
I  suppose,  than  that  of  TJrquhart  made  in  Russia  twenty  years  ago. 
Most  of  the  others  are  copies  or  modifications  of  it.  There  is  no 
essential  difference  except  the  flat  flame  burner,  one  of  which  was 
invented  in  Peru  ten  or  twelve  years  ago.  That  form  is  also  good. 
The  statement  made  by  Professor  Williston  about  using  an  oil  jet 
to  kill  the  smoke  of  a  coal  fire  is  a  new  idea  on  the  subject  of  smoke 
consumption.  I  hope  he  will  give  us  a  drawing  showing  how  the 
furnace  works  and  give  us  more  of  the  tlieory.  He  says  if  we  have 
a  properly  designed  furnace  and  a  smoky  fire  from  coal,  that  by 
using  a  jet  of  oil  we  can  stop  the  smoke.  Others  can  stop  the 
smoke  by  using  a  jet  of  steam.  I  will  say  that  with  a  properly 
designed  furnace  and  a  good  fireman  you  can  have  smokeless  com- 
bustion without  either  oil  or  steam. 

Mr.  Fowler, — S])oakiTig  of  tlie  use  of  oil  in  connection  with  coal, 
Mr.  Holdon,  the  Su])eriiiteTKleiit  of  Motive  Power  of  the  North- 
eastern Railway  of  England,  brought  out  a  furnace  a  numb(*r  of 
years  ago,  whereby  the  engines  could  be  fired  by  oil  or  coal  alter- 
nately, using  a  refuse  oil;  but  he  found,  I  believe,  that  when  he  was 
using  coal,  it  was  something  of  an  a<lvantage  to  cut  down  the  oil 
supply  to  a  very  low  amount  and  use  a  very  little  oil  in  the  fur- 
nace in  order  to  assist  in  stopping  the  production  of  snioko,  but 
the  furnace  was  made  so  that  the  fireman  eould  fire  coal  up  to  a 
certain  point  and  then  run  on  his  oil  alternate  with  coal  and  oil 
as  he  pleased,  and  it  worked  very  satisfactorily. 

Mr.  John  Piatt, — In  naval  work  it  is  a  great  deal  more  neces- 
sary to  use  air  pressure^  for  atomizing  the  oil  than  steam,  from  the 
fact  that  it  is  very  necessary  tliat  they  waste  as  little  condensed 
water  as  possible,  I  went  iuto  the  question  some  time  ago  and  one 
of  the  naval  engineers  in  AVasliington  said  they  could  not  afford 
to  use  steam  for  atomizing  l)(M*ause  it  would  make  away  with  so 
much  more  fresh  water,  than  when  they  made  use  of  air  pressures 
I  might  add  something  with  regard  to  wliat  Professor  Williston 
said  in  the  using  of  small  quantities  of  oil  for  preventing  smoke, 
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that  is  to  say,  for  getting  secondary  combustion  in  boilers.  In 
water-tube  boilers  for  torpedo-boat  destroyers  built  in  Germany, 
they  found  they  got  often  very  great  volumes  of  smoke.  They 
built  a  secondary  combustion  chamber  in  the  water-tube  boiler 
by  rearranging  the  bent  tubes  which  they  could  easily  do  and 
then  used  an  oil  jet  in  connection  with  it.  In  this  way,  I  believe, 
they  very  successfully  overcame  the  difficulties  which  they  had 
with  smoke. 

Prof.  Albert  Kingsbury. — ^In  a  discussion  of  this  question  at  a 
previous  meeting  of  the  Society  (vol.  xvii.  of  the  Transactions, 
page  318),  I  called  attention  to  the  fact  that  the  Pennsylvania 
Railroad  had  found  crude  oil  in  every  way  desirable  as  a  fuel  for 
locomotives;  but  they  did  not  adopt  it  because  it  would  require 
about  one-half  the  petroleum  produced  in  the  United  States  at  that 
time  (1885)  to  operate  the  entire  system  of  the  Pennsylvania 
Company. 

Mr.  8.  Ashton  Hand. — This  matter  of  burning  oil  under  steam 
boilers  is  a  very  alhiring  one.  Some  time  ago  I  contemplated 
making  a  change  in  our  steam  plant  so  as  to  burn  oil  instead  of 
coal,  and  wanted  to  find  out  about  the  best  apparatus  and  method. 
I  went  to  see  the  Standard  Oil  Company  and  asked  them  what 
was  the  best  burner  to  use.  They  told  me  that  all  the  burners 
on  the  market  were  good. 

On  questioning  them  as  to  the  economy  of  burning  oil  their 
reply  was  rather  an  equivocal  one.  They  said  they  did  not  bum 
oil  themselves  either  under  their  boiler  or  stills.  After  some  close 
questioning  to  try  and  find  why  they  did  not  burn  oil,  they  finally 
admitted  that  it  was  because  coal  was  more  economical. 

Mr.  Suplee. — This  question  of  the  use  of  air  or  steam  brought 
out  I  think  rather  well  in  the  report  of  Lieutenant  Winchell, 
published  in  Admiral  Melville's  annual  report,  and  treating  of  the 
tests  made  on  the  Mariposa.  It  was  found  there  that  the  air  pres- 
sure was  more  economical  and  satisfactory  than  steam.  They  had 
steam  to  use  as  reserve  and  used  it  on  one  or  two  days  and  got  back 
to  the  use  of  air  as  quick  as  they  could.  There  is  a  great  deal  of 
very  valuable  information  in  Admiral  Melville's  report  for  this 
year  on  the  same  subject. 
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No.  150. 
Sep&rdting  Oil  from  Exbaust  Steam, 

Mr.  H.  T,  YaryajL — T  wonltl  liko  to  call  attentioTi  of  members 
to  the  separator  described  on  page  945,  voL  xxL,  Tranmctions  of 
the  American  Society  of  Meeliaiiical  Engineeraj  as  being  all  that 
can  be  desired  in  the  way  of  an  oil  separator,  llavin^^  iised  it  for 
twenty  years  to  separate  entrainment  in  vacuum  apparatuB,  and 
for  the  past  six  years  as  an  oil  separator  for  exhaust  steam,  I  can 
speak  from  experiencej  and  say  that  no  trace  of  oil  remains  in  the 
steam. 

In  constructio%  the  rule  should  h^  tliat  the  tube  area  should 
exceed  by  20  per  cent*  the  area  of  exhaust  pipe.  The  separator 
can  be  used  when  working  condensing  by  attaching  a  pump  to  the 
drip,  but  under  these  circumstances  the  tube  area  should  be  double 
the  area  of  exhaust  pipe,  and  a  gauge  glass  should  be  placed  on  the 
drip  pipe  to  make  sure  that  the  pump  does  its  work, 

Mr.  Charles  Eksirand. — I  have  found,  after  observations  last- 
ing over  fifteen  yearsj  that  the  higher  the  temperature  of  the  ex* 
hauat  steam,  the  less  oil  can  be  separated,  no  matter  what  device 
is  u^ed*  I  found  that,  with  the  oil  separators  existing  in  the 
market  to-dajj  and  which  are  usuaUy  connected  in  the  exhaust 
pil^e  between  the  cylinder  and  the  condenser,  a  certain  amount 
of  condensation  was  Bepa rated,  and  the  only  oil  separated  was 
that  due  to  the  condensed  steam.  I  have  discarded  all  the  so- 
called  oil  separators,  and  built  an  open  tank  with  four  compart- 
ments, These  compartments  can  be  filled  with  charcoal,  coke, 
hay,  or  any  other  filtering  material  The  division  plates  are  so 
arranged  that  the  water  to  be  filtered  passes  under  one  division 
plate  and  over  the  next.  The  air  pump  discharges  into  one  end 
of  thia  tank,  and  the  water,  after  having  passed  through  the"  filter- 
ig  material,  passes  by  gravity  into  the  suction  reservoir  of  the 
leed  pump*  Jn  the  feed  pipe,  between  the  pump  and  boiler*  a 
coil  of  pipe  is  inserted  inside  the  exhaust  pipe,  so  that  the  feed 
water  recovers  by  passing  through  this  coil  what  it  lost  in  tem- 
perature by  passing  through  the  filter.  The  surface  condenser 
is  boiled  out  with  caustic  soda  once  a  year*  I  have  found  this 
arrangement  very  flatisfaetory,  and  in  five  years  trial  the  boilers 
have  been  absolutely  free  from  any  indication  of  grease.  My 
experience  seems  to  show  that  oil  can  be  separated  from  water  at 
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any  temperature  below  the  boiling-point,  but  I  have  not  yet  found 
an  apparatus  that  would  separate  oil  from  steam  at  any  tempera- 
ture or  pressure  available  in  practice. 

Mj\  D,  J.  LfAvis. — I  have  been  separating  oil  by  means  of  6 
Gudiron  baffle  plates  placed  in  a  box  about  four  years,  both  on 
condensing  and  non-condensing  engines,  but  I  found  out  two 
things,  that  first  you  have  got  to  have  your  baffle  plates  so  that 
you  can  clean  them;  by  that  I  mean,  not  just  cleaning  the  surface, 
but  cleaning  the  pores  of  the  baffle  plate.  I  find  that  they  become 
saturated,  and  after  the  plates  are  thoroughly  saturated  the  oil 
will  go  by.  Separators  are  generally  sold  on  sixty  days  trial,  and 
as  a  rule  they  will  clean  up  the  steam  in  great  shape  in  that  sixty 
days,  and  the  man  pays  the  bill.  About  a  couple  of  months  after- 
wards he  begins  to  find  oil.  I  came  up  against  that  question.  For 
a  long  while  1  did  not  know  what  was  the  matter.  I  started  in 
experimenting.  I  first  cleaned  the  surface  with  benzine.  That 
fixed  the  plate  separator  so  it  would  run  about  a  week.  Now  we 
take  our  plates  out  and  put  them  in  a  solution  of  soda  and  potash 
and  let  them  boil  about  ten  hours,  and  it  brings  them  back  to 
exactly  the  same  condition  they  were  in  when  they  were  first  put 
in.  We  have  had  se])arators  running  condensing  and  non-condens- 
ing for  two  years,  and  they  are  in  just  as  good  shape  as  when  they 
were  sold.  Another  thing  1  found  out  was  that  on  condensing 
engines  it  became  nec(»ssary  to  throw  a  stream  of  water  on  the  plate 
to  separate  the  oil,  and  we  got  a  result  on  the  chemical  analysis 
as  low  as  one  grain  of  oil  to  the  gallon,  but  as  I  said  the  main 
point  is  cleaning  the  plates,  and  another  thing  is  to  have  them  so 
that  they  won't  pick  up  tlu^  oil  after  it  is  separated. 

Mr,  F.  Meriam  Wheeler. — I  do  not  know  who  suggested  this 
to]>ic,  but  I  am  glad  to  have  it  presented  at  this  meeting,  as  the 
time  is  very  ripe  to  ascertain  what  progress  has  been  made  since 
the  subject  was  discussed  before  this  Society  seven  years  ago.  It 
was  at  tlie  New  York  meeting  in  December,  1895,  and  I  well 
remember  how  nmch  interest  was  manifested  at  that  time — ^no  less 
than  1 5  or  20  members  taking  part  in  the  discussion. 

Among  the  different  speakers  the  following  gentlemen  referred 
to  the  various  types  of  apparatus  for  filtering  feed  water  from  oil 
then  in  common  use. 

Mr.  John  C.  Kafer  spoke  of  the  filter  tanks  on  some  of  the 
Sound  steamers,  in  which  were  used  straw  and  hay,  the  result  heing 
quite  satisfactory. 
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Mr.  IT.  B,  Eoeltor  referred  to  a  set  of  boilprs  that  liad  been  in 
use*  for  about  two  years  with  praetieally  iiu  trat.*o  of  oil,  that  were 
supplied  with  feed  water  liltered  through  coiiiuiou  sponges  packed 
tightly  under  aome  pressure — ^tlie  sponges  of  course  requiring  to 
be  frequently  cleansed. 

Mr.  E.  A.  Darling  seemed  to  think  well  of  filters  using  ^'  Ex- 
eel  si  or  **  (wood)  fibre,  in  that  it  absorbed  the  oil  nmeh  better  than 
straw  or  hay  and  eould  also  l>e  burnod  in  the  furnaces  as  fncd, 

Mr,  W*  T.  Bonner  spoke  of  the  ammonia-ahnu  type  of  feed- 
watt*r  filters,  whieh,  although  very  nice  in  theory,  he  found  that 
unless  said  ii  Iters  were  ea  re  fully  watched  they  were  very  apt  to 
niake  trouble  %vith  the  boilers;  he  quoted  a  case  wher£%  in  a  short 
time,  the  feed  pipes  of  the  boiler  were  eaten  out  an<l  the  tubes 
badly  pitted,  II is  objection  to  filters  using  straw  and  other  fibrous 
material  m,  that  if  the  material  is  not  frequently  replaced,  more 
or  less  oil  passes  tlirough.  Or,  what  is  woi'se,  there  is  considerable 
earrying  along  of  the  rotting  filtering  material  with  the  feed  %!?ater, 
which  mateTial  woidd  get  under  the  pump  valves,  clogging  the  pas- 
sage-ways, anrl  causing  no  end  of  trouble.  He  truly  remarked 
that,  ^^  Eternal  vigilance  is  the  price  of  safety." 

Mr.  P,  IL  Grimm  brouglit  forw^ard  a  type  of  filter  consisting  of 
thrc?e  cylindc^rs,  the  feed  water  being  passed  first  into  one  of  these 
eylindera  until  it  fills  up  within  a  few  inches  of  the  top.  Then  the 
water  is  led  to  the  bottom  of  the  next  cylindpr,  and  so  on  through 
tlie  third  ejlindcr,  tvhere  it  is  drawn  fiff  near  the  bottom  by  the 
feed  pump.  From  the  first  cylinder  could  be  skimmed  off  con- 
siderable oih  whicdi  was  in  fit  eondition  for  use  again;  in  tlie  second 
ey Under  there  would  be  less  oil,  and  in  the  third  cylinder  scareely 
anyi  An  illustration  of  this  arrangement  is  shown  by  Fig.  62,  on 
page  300  of  the  Traw^adtons  of  the  Society,  voL  xv. 

M  r.  O.  C  Woolson  spoke  of  a  very  efficient  feed-water  filter  that 
had  lH?en  used  in  the  West,  consisting  of  a  simple  square  vessel 
with  a  chamber  at  the  bottom  packed  closely  with  hay. 

Mr.  II.  A.  BaTig  instanced  a  case  in  a  Wall  Street  office  build- 
ing where  a  sand  filter  was  used,  and  without  alum  or  other 
chemical  assistance  the  feed  water  was  allowed  to  pass  slowly 
through  the  sand  and  flow  oft'  at  the  bottom.  This  arrangement 
was  quite  cfBeient;  but,  of  course,  required  frequent  renewal  of 
the  sand, 

Mr.  Q.  I.  Ilockwood  brought  out  the  fact  that  it  is  quite  a 
different  thing  trying  to  extract  oil  from  water  when  used  in 
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boilers  carrjing  very  high  steam  pressure  than  when  low  steam 
pressure  is  used. 

Mr.  A.  II.  Raynal  spoke  of  the  importance  of  arresting  all  solid 
matter  possible,  which  could  be  successfully  done  in  most  of  the 
fonns  of  filters  named:  he  instanced  a  case  where,  with  the  use 
of  the  Johnson  tyjxj  of  filter,  he  not  only  arrested  vegetable 
matter  but  also  a  certain  amount  of  mineral  mattA. 

Mr.  Boyer  gave  the  results  of  his  experience  in  filtering 
feed  water  in  connection  ^vith  refrigerating  machinery.  He 
brought  out  tlie  fact  that  altogether  too  much  oil  is  used  by  engi- 
neers, and  instanced  a  case  where  a  certain  engine  which  had  been 
supplied  at  the  rate  of  eight  drops  of  oil  to  every  revolution  of  the 
engine,  was  cut  down  to  one  drop  of  oil  to  eight  revolutions.  He 
gave  a  very  grapliic  description  of  a  boiler  that  got  into  trouble 
with  too  much  oil  in  the  feed  water,  and  where  a  lot  of  feed  water 
heating  pipes  under  the  boiler  gave  out  after  running  only  four 
months. 

Mr.  C.  L.  Xewcomb,  Mr.  Jesse  M.  Smith  and  Mr.  W.  A.  Pier- 
son,  had  considerable  to  say  about  the  quality  as  well  as  the  quan- 
tity of  oil  used  in  engines.  They  aU  agreed  that  it  was  very 
difficult  to  secure  a  uniform  and  satisfactory  quality  of  cylinder 
oil  that  could  be  eontinuously  relied  upon. 

Mr.  Jolin  Fritz  i)refaccd  his  remarks  with  the  expression  that, 
"  This  seems  to  be  something  of  an  experience  meeting,"  and  then 
woiii  on  to  say  that  when  he  was  a  boy  he  liad  something  to  do  with 
a  small  engine,  which  ran  satisfactorily  without  the  use  of  any  oil 
in  the  steam  cylinder. 

Mr.  James  (r.  Wiiislii])  followed  in  the  same  line  and  stated  that 
an  oscillating  engine  in  the  old  Allaire  Works  ran  for  about  15 
years  without  the  use  of  oil. 

When  asked  to  give  my  experience  wdtli  feed  water  filters, 
es])ecially  in  connection  with  surface*  condensers,  I  called  atten- 
tion to  the  leading  ty])es  of  filters  as  then  used  in  Europe,  par- 
ticularly in  the  naval  and  merchant  marine  service,  and  gave  a 
brief  description  of  X\w  Kankin  filter  which  is  on  the  cloth-C50vered 
cartridge  system,  the  Harris  filter,  which  is  fitted  A\'ith  sponges, 
and  the  Edmenston  filter,  which  is  a  vessel  filled  with  a  number 
of  perforated  discs,  j>rovided  with  coarse  towelling,  a  sectional  view 
of  whi(.*h  is  shown  by  Fig.  G3,  on  page  305  of  the  Society^s  Trans- 
act ions,  vol.  XV. 

Since  the  time  the  above  discussion  took  place  there  has  been 
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considerable  advancement  in  the  direction  of  providing  good  feed 
water.  For  instance,  our  friend,  Mr.  Snow,  of  the  Standard  Oil 
Co.,  and  others,  have  brought  out  some  very  eflBcient  filters  of  the 
chemical-mechanical  type.  Of  course  such  filters  require  a  great 
deal  of  room  and  are  rather  elaborate  and  expensive. 

There  has  also  been  considerable  effort  made  to  eliminate  the  oil 
from  exhaust  steam  in  its  passage  from  the  engine  to  the  surface 
condenser,  and  such  efforts  have  been  rewarded  with  more  or  less 
success.  When  I  last  visited  Eurojx?  (a  year  ago  last  Spring),  I 
heard  of  a  very  remarkable  separator  of  this  type  in  England, 
where  they  claimed  they  had  been  able  to  extract  over  98  per 
cent,  of  the  oil  from  the  steam.  I  had  a  friend  look  the  matter 
up,  and  after  watching  the  apparatus  a  long  time  (it  was  in  use 
at  the  Phoenix  Works,  Stockton)  he  reported  that  the  amount 
of  separation  of  oil  averaged  over  99  per  cent.  This  filter  was 
designed  by  Mr.  W.  J.  Baker,  of  London,  and  consists  simply  of 
a  large  vessel,  either  cylindrical  or  rectangular  in  shape,  with  an 
arrangement  of  baflfle  plates  in  the  centre.  In  the  bottom  of  the 
vessel  is  carried  a  certain  amount  of  water,  as  shown  by  Fig.  95. 
The  exhaust  steam  enters  at  the  right-hand  side  and  is  deflected 
downward  by  the  deflector  A,  so  that  it  is  spread  over  the  surface 
of  the  water,  which  latter  is  kept  at  a  prescribed  height  in  the 
bottom  of  the  separator.  Tliis  contact  of  the  steam  with  tlie  water 
causes  a  large  portion  of  the  oil  to  bo  dei)osit(^J  on  the  surface 
of  the  water.  The  steam  then  passes  tlirough  the  group  of  vertical 
bafflers,  which  are  V-shaped  i)lates  (markc^d  B  in  the  sketch), 
where  the  remaining  oil  is  eliminated  from  the  steam,  the  latter 
passing  out  'through  the  exhaust  nozzle  at  the  left.  The  oil  is 
drawn  off,  together  with  a  c(»rtaiu  amount  of  condc^isc^l  steam 
tlirough  the  outlet  (',  and  passes  into  the  sui)i)lemental  tank  1) 
shown  below  the  separator. 

When  the  tank  IJ  is  filled,  the  oil  ean  be  drawn  off  witliout  break- 
ing the  vacuum,  by  closing  the  gate  valve  L\  and  opening  tlie  gate 
valve  F  and  the  air  cock  /.  Jf  preferred,  a  small  pump  can  be 
used  in  place  of  this  tank. 

Mr.  Baker's  separator  differs  from  all  others  in  that  he  insists 
upon  a  very  large  area  for  tlie  steam  to  i)ass  tlirough,  so  as  to 
reduce  the  velocity  of  the  steam  as  nnich  as  possible.  He  claims 
that  for  want  of  proper  room  in  the  other  forms  of  steam  separa- 
tors they  have  failed  to  do  the  best  work. 

He  contends  that  steam  may  be  divested  of  all  the  oil  it  contains, 
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if  the  stoam  is  allowed  to  expand  and  travel  at  a  slow  rate  of  speed, 
as  by  doing  so  the  particles  of  oil  have  a  better  opportunity  to 
adhere  to  the  deflector  plates  and  draw  off  properly.     Of  course 


this  arrangement  is  practically  ])roliil)itive  in  a  steam  vessel,  where 
the  space  is  very  Iimite<l,  but  for  stationary  plants  it  is  entirely 
feasibl(». 

To  give  an  idea  of  how  much  room  is  required,  I  cite  the  case 
of  a  compound  engine,  wliere  the  "^  Baker ' '  se]>arator  was  about 
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three  times  tlio  volmii<^  of  the  low  pressure  cylinder.  Howeverj 
tljjjs  was  provicl4^cl  for  hy  placing  the  separator  imder  the  floor. 

The  advantage  of  this  system  is  the  fact  that  it  requires  little  or 
no  atlpntion  anrl  can  be  nmdc  to  do  its  work  aiitoniatically.  What 
we  need  fur  oliuiinating  oil  i-s  sonietljiiig  that  is  thorovighly  prac- 
tical and  that  does  not  require  so  much  attention  from  the  engi- 
iiec^r?t,  as  i&  the  case  with  filter  hoxes,  or  ^similar  devices  for  filterhi^ 
tiie  feed  water  where  the  tiltering  material  has  to  be  frequently 
«d»?anod  or  renewed. 

As  I  remarked  in  the  discussion  we  had  at  the  1805  meeting: 
**  The  average  tftationary  engineer  seems  to  begrudge  the  trouble 
necessary  to  attend  projH^rly  to  a  feed -water  filter  of  the  ordinary 
type,  altlinugli  his  brother  engineer  on  the  steamei^s  takes  it  as 
a  matter  r>f  courBe  and  as  part  of  his  regular  duties/' 

Therefore,  any  device  that  r(*(|uires  Kttle  attention  is  very  much 
to  he  desired,  even  tljoiigh  it  may  take  more  ivxtui  uud  may  not  be 
very  sightly  in  appearance* 

One  of  my  friemls  has  recently  suggested  that  oil  might  he 
^e}>arated  from  feed  water  by  a  centrifugal  machine,  such  as  tlje 
l)e Laval  cream  separator.  I  ilesire  to  a^k  if  any  one  has  tried  nnj 
exiH*riuieiits  in  that  line.  Tln^re  is  no  doubt  but  what  oil  will  be 
used  less  and  less  as  we  perfect  the  valve  gear  of  steam  engines. 
In  fact  many  vertical  engines  arc  now  in  use  wdiere  no  oil  what- 
ever is  used.  Thai  is  wljcrc  the  steam  tnrbine  has  the  great  ad- 
vatJtage,  no  oil  bebig  required.  However,  as  long  as  we  have  to  use 
oil»  as  is  the  case  with  most  steam  engines,  c^spceially  of  the  hmd- 
uontal  type^  let  it  he  of  the  very  best  quality,  uh<h1  as  sparingly  as 
|>ossibre,  and  then  haxL*  a  properly  arranged  steam  separator  of 
proper  design  jdaced  between  the  engine  anil  condenser. 

Mr,  James  Chrwiu, — The  firm  I  am  connected  with  are  milk- 
ing quite  successful  machines  now  which  separate  mechanically, 
and  ilo  it  right  along  antoniatically, 

i/r.  a,  1\  Bates. — I  would  Like  to  ask  what  the  experience  of 
the  members  has  been  in  separating  the  oil  from  exlmust  steam 
after  being  used  by  the  Westinghuuse  engines.  I  have  had  very 
litth'  tnmble  in  separating  oil  from  exhaust  8team  used  in  the 
f^niinary  engine,  the  counnon  slidi*  valve  on  the  (-orliss  and  other 
uiakei?,  but  I  undertook  to  df>  this  at  one  plant  where  the  Westing- 
house  engine  was  usedj  an  engine  of  considerable  power,  1  think 
250  horse-power  liominah  The  lower  part  of  the  bed  is  a  reservoir 
for  water  and  oilj  and  the  connecting-rod  and  crank-pins  run  into 
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this  solution  and  it  seems  to  be  driven  up  into  the  cylinders  of  the 
engine  and  works  through  into  the  exhaust  steam  in  considerable 
quantities,  and  any  apparatus  which  I  was  conversant  with  at  the 
time  failed  to  remove  the  oil  from  the  exhaust  steam  and  the  con- 
densed water,  and  it  became  impossible  to  use  it  in  the  boilers 
under  these  conditions.  If  there  is  anyone  here  who  has  had  ex- 
perience in  that  line  and  has  succeeded  in  removing  the  oil  under 
similar  condition,  I  for  one  would  be  very  glad  to  hear  from  him. 

Mr,  Lewifi. — I  have  used  our  separator  on  the  Westinghouse 
engines  and  we  have  to  clean  plates  twice  as  often.  Where  we 
generally  clean  the  plates  every  thirty  days,  we  do  it  every  two 
weeks  on  the  Westinghouse  engines. 

Mr,  P.  If,  Laforge. — It  is  my  business  to  inspect  boilers,  and  in 
my  work  I  have  examined  a  great  many  where  the  exhaust  steam 
from  the  engine  has  been  returned  into  the  boilers.  I  have  seen 
diflFerent  so-called  separators  used  to  prevent  the  cylinder  oil  return- 
ing with  the  steam.  Some  of  them  do  take  out  a  part  of  the  oil, 
but  there  is  still  enough  left  to  be,  in  my  opinion,  very  objec- 
tionable. 

Mr,  Lewis, — I  believe  the  question  is  separating  oil  from  the 
steam.  When  they  take  oil  out  of  steam  they  also  take  any  water 
that  is  in  the  steam.  But  I  think  we  have  something  like  4,000 
se})arat<>rs  working  now  satisfactorily,  and  they  have  been  passed 
by  the  ])oil('r  insurance  company;  that  is,  they  allow  us  to  put  the 
water  hack  in  the  boiler.  That  was  taken  up  by  Mr.  F.  B.  Allen 
and  lie  niad(*  an  exhaustive  examination  of  it,  and  since  we  have 
])eon  boiling  the  ])lates  we  have  not  had  any  trouble. 

Mr,  William  Kent. — I  have  had  occasion  to.  look  into  the  sub- 
ject al)out  two  years  ago.  I  put  a  separator  in  the  exhaust  pipe, 
and  at  the  other  end  of  the  system,  the  exhaust  steam  being  used  for 
heating,  returned  tlu*  \^ater  ])ack  to  the  Imilers,  put  between  the 
feed  jMinip  and  the  ])oil(»rs  a  feed-water  filter  with  Turkish  toweling 
in  it,  and  that  coni])ination,  the  separator  in  the  exhaust  pipe  and 
the  filter  at  the  other  end,  has  worked  perfectly  for  more  than  a 
year.     TIi(»  filter  is  universally  used  on  ship-board. 

Mr,  Lcvns. — One  thing  I  forgot  to  say,  that  the  separator  should 
be  ])laced  ])etween  the  engine  and  the  feed-water  heater.  My  ex- 
perience is  that  if  you  put  the  separator  beyond  the  feed-water 
heater,  you  cannot  get  the  same  results.  You  want  to  get  the 
steam  into  the  separator  just  as  hot  as  possible. 
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No.  154- 

Tempering  aut!  AnnBaTlng  Steel. 

Mr.  H.  P,  Jones. — While  recently  engaged  in  the  design  and 
cnnstruetion  of  annealing  fnrnaeefi  for  annealing  metals  hy  a 
patented  nonH^xidizing  prc»cesp,  the  invention  of  Mr.  Horace  K* 
Jones,  of  Hartford,  Conn.,  T  had  opportunities  of  discussing  the 
subject  of  annealing  with  many  snperintt;ndentB,  and  also  of  study- 
ing many  different  methods  of  annealing,  but  in  nearly  every  case 
I  found  that  mneh  difficulty  was  experienced  in  obtaining  well 
annealed  tool  steeL 

A  difference  of  opinion  seems  to  exist  as  to  whether  the  pro- 
ducer or  consumer  of  tool  steel  should  do  the  annealing.  The 
producer  holds  that  the  consumer  alone  is  able  to  judge  as  to  the 
correct  heat  to  give  the  softness  that  he  requires,  and  in  favor  of 
this  it  may  be  noted  that  the  term  "  sof t/^  as  applied  to  tool  steel j 
is  ^videly  construed  by  different  consumers.  The  consumer  con- 
tends  that  he  should  l>e  able  to  purchase  satisfactorily  annealed 
tool  steely  and  that  on  account  of  large  output,  and  therefore  pre- 
i^ninably  perfected  facilities  for  the  operation^  the  producer  is  in 
a  much  better  position  to  do  the  annealing. 

This  is  certainly  a  just  view  from  the  standpoint  of  a  consumer 
of  small  quantities,  to  whom  the  first  cost  of  a  suitable  furnace 
might  appf^ar  a  considerable  item.  As  a  matter  of  fact,  well  an- 
nealed tool  steel  is  often  obtained  from  the  manufacturers,  but 
other  lots  of  very  imperfectly  annealed  steel  are  also  so  frequently 
obtained^  that  in  a  majority  of  the  shops  which  came  under  my 
noticG  the  practice  of  reannealing  all  tool  steel  was  followed. 

During  the  process  of  annealing,  the  quality  of  the  steel  may  be 
injured  by  contact  with  furnace  gases  or  by  burning  or  over- 
licating,  and  the  efficiency  of  the  operation  may  be  diminished  by 
under-heating  or  too  rapid  cooling.  Judging  from  tests  made 
upon  specimens  annealed  in  contact  with  different  gases,  and  also 
from  results  obtained  in  annealing  very  delicate  work,  such  as 
frire  for  the  hairsprings  of  watches,  in  a  similar  mnnner,  it  would 
eeem  that,  aside  from  oxidation  d4ie  to  direct  contact  with  the 
flames,  the  injury  that  might  arise  from  contact  with  gases  is  of 
liiile  importance.  The  tests  above  referred  to  were  described  in 
the  Engineerinff  Neivs  of  January  2, 1802,  and  in  the  Engtneenng 
and  Mining  Journal  of  January  9,  1893^  and  I  will  therefore  but 
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briefly  state  the  manner  in  which  the  specimens  were  treated. 
The  object  of  this  process  was  to  turn  out  a  perfectly  bright  or 
non-oxidizcd  product,  doing  away  with  all  pickling,  and  its  prin- 
cipal feature  consisted  in  enclosing  the  metal  in  wrought-iron 
tubes  or  retorts  of  various  sizes,  and  keeping  these  retorts  in  com- 
munication with  a  gas-holder  or  gas  main  during  the  entire  opera- 
tion of  heating  and  cooling,  the  gas  thus  acting  as  a  non-oxidizing 
atmosphere.  As  this  arrangement  permitted  the  gas  to  expand 
back  into  the  main,  a  low  pressure  was  maintained,  an  essential 
condition  in  a  process  of  this  character. 

It  was  known  that  nitrogen  should  have  no  effect  upon  the  metal, 
while  the  constituents  of  illuminating  and  other  gases  might  in- 
jure it.  A  comparison  of  tests  of  specimens  annealed  in  nitrogen, 
with  those  of  specimens  annealed  in  other  gases,  failed  to  show  any 
important  difference,  but,  compared  with  tests  of  specimens  an- 
nealed in  an  open  fire,  the  latter  results  were  much  inferior. 

In  a  series  of  tests  upon  structural  steel,  Mr.  Gus  C.  Henning 
makes  the  effect  of  improper  methods  of  annealing  very  evident. 
(See  "  Treatment  of  Structural  Steel,"  Transactions  of  the  Amer- 
ican Society  of  Mechanical  Engineers,  vol.  xiii.,  p.  577,  etc.) 

Although,  as  above  statc^l,  this  process  Avas  intended  for  bright 
work,  yet  it  was  soon  found  that  tool  steel,  treated  in  this  manner, 
using  common  illuminating  gas,  worked  up  much  better  than  when 
annealed  in  charcoal  or  in  otlicr  ways.  The  scale  commonly  found 
upon  the  stool,  as  it  comos  from  the  steel  works,  was  also  reduced 
and  softened  by  the  treatment,  and  the  wear  upon  cutting  tools 
ordinarily  due  to  this  cause  was  much  diminished.  But  a  most 
important  result  obtained  was  that  of  uniformity.  Steel  annealed 
at  fliffrrcnt  times  was  vniformly  well  annealed^  and  I  consider 
this  the  chief  element  of  success. 

By  inclosing  the  stool  in  a  retort  all  contact  with  the  flame  and 
resulting  burning  or  oxidation  of  the  steel  was  avoided,  and  any 
draught  or  variation  of  the  heat  was  not  communicated  directly 
to  the  steel.  The  retorts  were  hoatod  to  the  required  temx>era- 
ture,  depending  upon  the  quality  of  the  stool  and  the  degree  of 
softness  to  be  attained,  and  then  kept  at  this  heat  for  a  time  in 
order  to  allow  the  heat  to  "  soak  "  through  the  centre  of  the  mass. 
The  stool  near  the  outside  of  the  retort  was  not  over-heated,  and 
the  entire  mass  was  uniformly  annealed,  !^^uoh  of  the  success 
was,  no  doubt,  due  to  the  care  exorcised  in  designing  and  con- 
structing the  furnaces.     Oil  was  preferred  as  a  fuel,  and  the  bum- 
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era  were  so  arranged  as  to  give  the  most  uniform  heat  possible. 
There  was  no  difficulty  in  determining  the  correct  degree  of  boat 
from  the  color  of  the  retort,  but  if  desired  a  pyrometer  could  be 
used,  thus  eliminating  all  possibility  of  an  error  of  judgment. 

In  order  to  obtain  the  best  results  the  finer  grades  of  steel  ad* 
mit  of  none  hut  the  most  positive  and  certain  treatment*  The 
unsatisfactory  results  that  are  so  frequently  obtained  are  but 
natural  consequences  of  either  a  disregard  for  the  susceptibility 
of  fine  steels  to  the  chemical  and  mechanical  action  accompanying 
liigher  temperature*?,  or  an  inefficient  ada]>tation  of  means  for  re- 
moving or  overcoming  these  injurimis  effects.  As  many  tons  of 
tool  steel  are  being  annealed  in  the  manner  thus  briefly  described, 
and  at  a  comparatively  slight  expense,  I  bring  these  facts  before 
the  members  of  this  Society,  thinking  that  they  may,  perhaps, 
be  of  iuterestj  and  also  prove  that  with  carefully  designed  fur- 
naces and  means  for  the  protection  of  the  steel  from  direct  con- 
tact with  flame  and  oxidizing  gases  during  the  heating,  and  at 
least  the  earlier  part  of  tbe  cooling  periodj  tool  steel  may  bo  an- 
nealed perfectly  and  uniformly. 

3fi\  A\  n.  Mark  It  a  in. — Wlu*n  a  piece  of  steel  is  benti*d  red  hot 
and  plunged  in  a  cooling  bath  it  l)eeomes  very  harch  Nov^%  hard- 
ness is  tbe  quality  desired  in  order  tbat  the  steel  may  be  able  to 
perform  tbe  duty  expected  of  it,  but  it  not  only  becomes  hard; 
it  IB  also  matle  brittle,  and  brittJeness  is  not  a  desirable  quality. 
In  order  to  reduce  the  brittleness  to  a  point  where  it  will  stand  up 
id  <lo  the  work  expecttnl  of  it*  it  is  necessary  to  reheat  tbe  steel 
amewbat.  Steel  is  very  sensitive  to  tbe  action  of  lieat,  couiuieuc- 
ing  with  cold  steel,  every  degree  of  heat  given  it  affects  somewhat 
the  structure  of  the  Bteel. 

If  steel  is  hardenet]  and  subjected  to  strain  whrn  cold,  it 
will  be  found,  if  tested  in  a  testing  machine,  to  break  easier  tluiii 
if  heated  to  a  temperature  of  100  degrees  and  tested  at  that  beot> 
but  if  it  is  allowed  to  cool  to  the  temperature  of  the  first  piece 
Dientioncil,  it  will  break  at  about  tbe  same  strain  as  that  piece. 
It  is  presumed  that  Ijoth  pieces  were  hardened  at  tbe  same  time,  at 
tbe  same  temperature,  and  as  nearly  as  j>t>sgibk*  under  the  same 
conditionsj  thus  proving  that  tlie  steel,  although  tougher  when  at 
tlie  temperature  mentionerl,  was  as  brittle  as  the  piece  which  had 
not  been  reheated,  Avhen  both  were  at  the  same  temperature. 

I  have  made  experinu-nts  wifb  hardened  steel  rebc^ated  to  dif- 
ferent temperatures  from  100  degrees  to  430  degrees  Fahreu- 
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heit,  and  find  that  steel  reheated  to  a  temperature  less  than  175 
degrees  does  not  show  any  marked  difference  in  the  amount  of  force 
necessarj'  to  break  the  piece  when  it  is  cooled  to  the  temperature 
of  the  room  in  which  the  experiments  were  made,  but  beyond  that 
temperature,  a  difference  was  noticeable,  every  25  degrees  given 
the  piece  making  a  marked  difference  in  its  strength.  It  was 
also  n()ti(»ed  tliat  the  higher  the  temperature  was  raised,  the 
more  rapid  the  changes  in  strength.  This  is  especially  noticeable 
in  two  pieces,  one  drawn  to  300  degrees  and  the  other  to  350 
degrees,  a  difference  of  only  50  degrees. 

My  own  exi)erieiice  has  never  shown  any  tools  which  required 
having  the  temperature  drawn  to  have  the  brittleness  sufficiently 
reduced  to  enable  them  to  stand  up  when  in  service  unless  heated 
to  a  temperature  of  200  degrees,  and  as  the  difference  in  strength 
between  a  piece  heated  to  this  temperature,  and  a  piece  hardened 
at  the  same  time  and  under  the  same  circumstances,  and  Heated 
to  212  degrees,  was  not  noticeable,  wo  always  drew  them  to  the 
latter  temperature  because  it  was  accomplished  so  easily,  as  we  had 
a  tank  of  water  always  kept  at  the  boiling  point  (212  degrees),  into 
which  we  droj)ped  small  pieces  as  they  were  hardened  to  keep  them 
from  cracking  as  the  result  of  internal  strains  incident  to  harden- 
ing. The  length  of  time  the  pieces  were  subjected  to  this  tempera- 
ture (lid  not  a])j)ear  to  affect  the  brittleness  appreciably,  provided 
they  were  loft  in  the  licjuid  long  enough  to  become  heated  uni- 
formly throughout. 

ily  attention  was  first  directed  to  the  fact  that  hardened  steel 
could  have  the  brittleness  incident  to  hardening  reduced  at  a 
teni])erature  lower  than  that  necessary  to  produce  a  faint  straw 
color  (VM)  degrees),  by  an  exporieuco  which  I  made  mention  of 
in  an  article  in  the  Amrrlcan  Machinist  a  few  months  ago.  A 
circular  forming  tool  used  on  an  automatic  screw  machine  would 
not  stand  u])  when  left  as  it  came  from  the  bath,  as  one  of  its 
cutting  ])ortions  was  a  slender  projection.  When  drawn  to  a 
straw  color,  even  the  faintest,  it  would  not  do  the  amount  of  work 
we  thought  it  should.  I  reasoned  that  if  the  difference  of  30  de- 
grees betwe(*n  a  faint  straw  (480  degrees)  and  a  full  straw  color 
(400  degrees)  produced  such  a  marked  difference  in  the  hardness 
of  the  j)iece,  as  it  showed  when  tested  with  a  file,  and  if  reheating 
the  piece  to  480  degrees  made  it  too  soft,  then  (there  must  be  a 
point  somewhere  between  a  dead  hard  piece  of  steel  and  one  drawn 
to  the  temperature  mentioned,  so  I  set  about  experimenting  and 
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foimJ  that  if  I  drew  tlie  temperatiiix?  to  212  degrees  the  tool  gave 
excellent  resulte. 

We  tested  jiieeeB  of  steel  left  in  the  tempering  liquid  ten  minutes 

tbe  degijed  temperatmT>^  and  others  left  in  one  half  hour^  and 
found  no  apjmrent  differenee  in  liardnesii  or  strength,  although,  as 
iiientionedj  our  method  of  testing  for  hardne&s  was  somewhat 
crudej  and  could  not  be  reliec^  on  for  accurate  results. 

It  waij  a  very  diffieult  matter  to  test  tlie  exaet  harduefis  of  tlie 
pieees  without  any  nieans  at  hand,  although  we  rigged  up  a  crude 
testing  machine,  wJiieh  eonsL^ted  essentially  of  a  Ijase  having  a  vise 
to  hold  the  hartlened  piece  of  steelj  a  diamond  was  Bet  in  the  end  of 
a  bar  of  steel ;  this  was  hinged  to  a  lever  which  was  abijve  the  vise; 
on  the  end  of  the  lever  we  hung  weights,  thus  bringing  pressure 
on  the  diamond,  as  I  had  no  idea  in  mind  only  t"  test  the  pieces 
in  order  to  find  a  iK>int  where  certain  elTects  would  be  produced* 
r  kept  no  account  of  the  weight  necessary  in  order  that  the  dia- 
mond might  seratcdi  the  pieees  heated  t*)  the  various  temperatures; 
our  tests  were  all  relative  tests. 

There  seemed  to  l>e  no  marked  difference  in  tlic  weight  neces- 
sary to  make  the  diamond  scratch  a  piece  of  steel  as  it  came  from 
the  Jiardening  batli,  and  one  heated  to  a  temperature  of  185  de- 
greeii.  Beyond  this,  and  uj)  to  250  degrees,  there  was  very  little 
difference  in  the  apparent  hardness  of  the  piece,  although  there 
was  eonsiderable  difference  in  the  amount  of  force  necessary  to 
break  the  two,  t^htMving  tliat  hardness  and  brittleness  were  not 
reduced  pro|>ortionately,  according  to  the  results  of  our  experi- 
ments. On  an  average,  we  daily  drew  the  temi>erature  of  350 
jiifx*es  of  work  to  250  degrees,  Tliese  pieces  w*onId  not  stand  up 
if  left  as  hard  as  when  tbey  came  from  the  hardening  bath,  neither 
were  they  hard  enough  if  drawn  to  ttie  faintest  strnw  ci>lon 

The  next  temperature  that  I  have  a  record  of  drawing  work  to 
16  325  degrees.  Tliere  was  very  little  difference  in  the  hardness 
of  the  pieces  drawn  to  this  temf)erature  and  those  drawm  to  250 
degrees,  but  there  was  a  very  marked  difference  in  the  strength 
of  the  pieces.  These  pieces  would  not  stand  up  if  drawn  only  to  250 
degrees,  yet  stoml  very  nic^ely  wlien  drawn  to  the  temj>erature 
inentionetL  We  averaged  drawing  500  pieces  of  work  daily  to  this 
tem]ieratiire* 

The  nest  temperature  shown  in  my  record  book  to  which  work 
was  drawn,  is  350  degrees.  This  jHece  was  not  of  a  6ha]>e  that 
allowed  us  to  leave  it  at  325  degrees^  as  it  was  not  as  strongs  and 
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was  subjected  to  greater  strain,  yet  we  found  that  at  350  degrees 
it  gave  good  service.  Under  test  it  showed  somewhat  softer  than 
the  pieces  drawn  to  325  degrees.  This  seemed  peculiar  to  ns,  as, 
the  piece  being  lighter  than  the  other,  it  should,  according  to  the 
generally  accepted  idea,  harden  harder  than  the  other,  as  they 
were  made  from  the  same  steel  and  from  bars  of  the  same  size; 
in  fact  the  steel  came  altogether,  was  put  in  the  same  rack,  and  was 
exactly  alike  so  far  as  results  depending  on  the  nature  of  the  steel 
was  concerned. 

Other  temperatures  used  were  375,  400  and  415  degrees. 
Those,  however,  were  seldom  used,  as  they  were  the  temperatures 
to  which  we  lieated  swaging  dies  for  various  purposes. 

It  is  surprising  to  note  the  difference  "in  the  strength  of  the  vari- 
ous makes  of  steel,  when  hardened  at  their  refining  heat  and 
drawn  to  any  one  of  the  temperatures  mentioned.  It  is  also  sur- 
prising to  note  how  much  faster  some  makes  of  steel  soften  than 
others. 

One  fact  that  was  especially  noticeable  in  our  experiments  was, 
that  the  steels  which  gave  off  their  surface  carbon  the  most  readily 
when  lieated  exposed  to  the  air,  were  softer  when  drawn  to  a  given 
tenij)orature  than  those  which  did  not,  even  when  they  were  heated 
away  from  the  action  of  the  air  and  the  products  of  combustion 
in  the  fire. 

It  was  also  noticed  that  steel  which  was  over  annealed,  that  is, 
heated  for  too  long  a  time  when  annealing,  was  softer  when  drawn 
to  a  given  tem])erature  than  a  piece  of  the  same  steel  when  heated 
just  long  enough  to  aceomi)lish  the  desired  result. 

The  amoTint  of  heat  given  steel  when  hardening  seriously 
affected  the  results,  but  by  proper  methods  of  heating  when 
hardening,  we  were  enabled  to  heat  the  steel  very  nicely  to  the 
teni])eratures  which  refined  the  steel,  and  made  it  the  strongest 
])ossible.  We  found  that  this  heat  varied  in  different  makes  of 
steel,  even  when  they  were  of  the  same  percentage  of  carbon. 

Mr,  Oberlin  SmillL — It  seems  to  me  that  the  paper  is  not  of  a 
very  comj)relH*nsive  character.  Although  the  facts  are  interest- 
ing so  far  as  they  go,  the  sizes  and  shapes  of  the  pieces  hardened 
are  not  stated  to  an  extent  enabling  many  comparisons  to  be  made. 

There  is  a  general  idea  that  di])ping  a  piece  of  red-hot  steel 
into  oil  hardens  it.  I  think  it  is  understood  it  will  not  be  as  hard  as 
if  dipped  in  water,  but  there  is  a  good  deal  of  fallacy  in  regard  to 
the  conclusions  drawn.    Taking  the  ordinary  tool  steels,  averaging 
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alifint  one  per  cent,  carljon,  we  can  harden  the  points  of  turning- 
Uioh  ami  the  sharp  edges  of  milling-ciittera  and  the  sharp  comers 
of  Somali  cubical  pieces  by  sLiJiply  liaving  the  metal  at  a  bright 
red  heat  and  dlpjang  it  in  cokl  oil;  but  if  we  take  soincthing 
approximating  the  sliape  of  a  large  sphere  or  a  cylinder  of  con- 
jsiderable  diameter,  with  ronn<led  ends,  we  will  find  very  often  that 
we  do  not  get  it  luird  at  all.  In  "  chunky  ''  shapes^  any  i^harp  cor- 
ners, or  rather  projecting  parts,  will  harden  while  the  main  body 
will  noL  I  have  had  some  exi>crience  in  hardening  rings  for  dies 
of  varioiLs  kinds.  These  rings  would  average  from  three  inches  to 
a  foot  in  diameter,  with  a  cross-section  at  each  side  of  perhaps  one 
inch  square  to  two  inches  square.  Rings  of  this  kind  will  rarely 
harden  in  oil  to  much  extent*  They  are,  of  course,  a  good  deal 
hardcT  than  if  laid  down  and  allowed  to  have  an  **  air-temper  *' 
men  Iv-  They  can  nsnally  he  filed  frci*ly,  and  are  about  as  hard, 
in  many  cases,  as  if  dijiped  in  water  and  then  drai\-n  down  below 
**  a  blue."  It  is  not,  therefore,  much  of  a  practical  question  how 
niany  degrees  of  heat  will  draw  a  piece  of  steel  to  t!ie  proper 
temper  to  make  it  i^trong  antl  tough,  rnitil  we  find  out  how  hard  it 
is  to  start  with — ^f  roin  the  original  di|)ping* 

Of  course,  pcoi>le  wlio  luirden  drills  and  tuniing-tools  and  such 
tilings  in  oil  generally  get  them  hard  enougli  because  the  edges 
are  very  thin  and  it  does  not  matter  whether  the  body  of  the  tool 
is  hard ;  indeed  it  is  better  soft*  In  the  case  of  knife-blades,  clock- 
sjiririgs  and  such  we  have  the  metal  all  thin,  and  there  is  no  trouble 
in  oil  hardening,  as  the  licat  is  removed  quickly.  It  seems  to  mo 
that  almost  the  whole  question  of  hardening,  with  a  given  quality 
of  steel,  is  the  quickness  with  which  the  heat  leaves  the  metal  when 
it  is  going  from  a  briglit  red  to  a  very  dull  re<i  After  that  stage 
it  does  not  make  very  much  difference  what  happens.  It  is  all  a 
matter  of  the  quickness  of  the  initial  cooling.  Tliat  is,  of  course, 
the  reason  why  we  have  such  greater  hardness  when  red-hot  steel 
is  dipfjcd  in  mercury,  because  mercury  is  donbtless  the  best  con- 
tluctor  of  heat  among  cold  liquid  Is*  With  dilute  sulphuric  acid  and, 
to  a  less  df^gree,  with  salt  water  we  get  good  hardening,  because 
these  liquids  are  good  conductors.  Plain  cold  water  eomes  next, 
and  warm  water  follows,  I  don't  think  chemical  composition  has 
much  to  do  with  it,  and  hence  would  eschew  quack  hardening 
fluids* 

We  can  get  a  great  deal  better  hardening  resultis  in  rings 
and  such  things  if  we  squirt  a  heavy  stream  of  water  at  or  through 
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them  than  by  (lipj)iiig  them.  Taking  st<>el  of  80  or  90  per  cent, 
carbon,  small  pieces  will  harden  in  water  and  large  ones  some- 
times won't  harden  at  all,  unless  we  squirt  on  them  a  tremendous 
stream  at  high  velocity.  In  hardening  large  punches  and  dies  if 
we  use  a  mixture  too  high  in  carbon  (to  insure  hardening  in  almost 
anj-thing)  the  steel  is  very  apt  to  crack;  but  using  100  per  cent, 
or  lower,  to  get  it  crackless,  so  to  speak,  it  is  difficult  to  harden 
it  at  all  without  a  stream  of  water.  This  simply  carries  away  the 
heat  faster  than  does  still  water,  which  gets  warm  locally  around 
the  steel. 

There  are  other  liquids  between  water  and  oil  of  various  merit; 
but,  after  all,  it  seems  to  be  only  a  matter  of  how  fast  the  heat  is 
taken  away  from  the  steel.  Before  formulating  any  general  law 
about  it  we  must  know,  firstly,  what  the  quality  of  the  steel  is; 
secondly,  the  conditions  under  which  it  is  dipped;  and,  thirdly,  in 
what  kind  of  a  licjuid  in  regard  to  conductivity  of  heat.  Oil 
is  a  sluggish  conductor,  and  very  tricky  unless  we  know  by  exper- 
ience the  shai)e  of  the  particular  pieces  of  steel  suited  to  such  an 
environment. 

Professor  Williston. — ^Ir.  Smith  has  called  the  attention  of  the 
Society  tf)  the  great  difference  in  the  results  that  are  obtained  with 
])ioces  of  steel  of  different  sizes  and  sliapes  when  they  are  hardened 
in  different  licjuids,  assuming,  I  su])])ose,  that  they  are  all  heated 
uiiiforuily  and  to  tlie  same  temperature  before  being  quenched. 
Ill  this  connection  tlie  experience  of  some  of  the  larger  manu- 
facturers of  knives  for  wood-working  machinery,  veneer  cutters, 
I)aper-cuttiiig  machines,  etc.,  would,  I  think,  be  of  interest. 

These  large  knives  have  to  be  hardened  with  a  very  great  degree 
of  uniformity  for  any  single  line  of  work,  but  as  they  are  used  on 
machines  which  are  operated  at  widely  varying  speeds,  and  for 
cutting  all  sorts  of  materials,  tlie  treatment  that  is  best  for  one  set 
of  knives  may  not  be  at  all  suited  for  another.  A  very  considerable 
range  of  treatment  both  in  hardening  and  in  tempering  is,  in  fact, 
required  to  meet  these  conditicms.  And  the  conditions  have  to 
be  met  with  great  exactness,  because  when  a  given  customer,  say 
a  maker  of  some  woodworking  macliine,  has  found,  after  a  costly 
experiment,  a  knife  which  exactly  suits  his  jmrpose,  he  wants  to  be 
able  to  du])licate  that  knife  with  certainty. 

The  method  of  hardening  which  has  b(»en  found  to  give  the  best 
results  for  this  purpose*,  is  not  the  one  which  has  been  suggested 
of  heathig  the  steel  all  to  the  same  temperature  and  then  cooling  it 
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at  diiferent  rates  by  quenching  it  in  different  liciuitls,  but  instead 
to  get  this  desired  variatirm  in  hiirdpnini^  by  Lea  ting  the  steel 
before  quenching  to  varying  temperatures  and  cooling  it  in  every 
cage  as  rapidly  as  possible,  in  cold  water  or  brine,  with  a  forced  cir- 
ciibition.  If  a  very  liard  steel,  and  one  Bomewhat  brittle  in  ervn- 
sequence,  is  wanted,  the  temperature  before  hardening  k  high. 
If  a  tougher  steel,  corresponding  najre  to  an  oil  temper  is  wantetl, 
the  original  temjieratnre  to  wliieli  the  steel  h  heated  heft^re  quench- 
ing is  proportionately  lower,  hut  still  the  effort  is  made  to  cool  it 
just  as  rapidly  and  in  the  same  way  as  in  the  case  before.  It  is 
fiinnd  that  the  temperature  at  whieli  the  different  knives  should  l>e 
hardened  must  be  deteniiined  aeearately,  and  some  of  the  best 
makers  are  now  using  electrical  pvrouietres  for  this  purpose,  and 
are  tee]nng  a  record  of  the  temperature  to  which  each  set  of 
knives  is  heated  before  hardening  so  that  more  knives  of  exactly 
the  same  quality  may  be  furnished  in  the  future* 

Kegarding  the  question  of  drawing  the  temper,  it  ib  found  that 
a  few  degrees  va nation  in  the  temperature  to  which  the  steel  is 
heated  in  drawing,  will  make  an  appreciable  difTeronee  if  it  has 
all  been  hardened  uniformly.  The  method  ^vluch  is  used  is  to 
draw  the  temper  of  every  knife  by  heating  it  in  an  oi\  bath,  kc^eping 
a  record  of  the  maximum  tc^mperatiires  measured  with  a  mercury 
thermometer*  The  lowest  temperature  at  which  there  is  a  notice- 
jd)le  effect  tm  a  piece  of  hardened  stee!  is  about  tJie  temperature 
tlmt  was  mentioned  in  the  tirst  discussion,  but  the  lowest  tempera- 
ture at  whicfi  steel  is  dra^^m  in  knives  which  are  put  upon  tlie 
market  is  aliout  300  degrees  Fahrenlieit.  And  according  to  tlie 
purpose  for  which  the  knives  are  to  he  used  the  temperature  at 
which  they  are  drawii  varies  all  the  way  from  this  point  up  to 
nearly  500  degrees  Fahrenlieit. 

It  is  found  that  within  reasionaldo  limits  it  makes  no  difference 
how  long  the  steel  is  heated  either  in  the  process  of  hardening  or  in 
dra\dng  the  temper,  provided  the  time  is  sufficiently  long  for  the 
steel  to  be  hardened  uniformly,  and  prowled  the  maximum 
temperature  is  always  the  same*  By  using  the  methods  just 
described  we  could  attain  much  nicety  if  the  quality  of  the  steel 
is  kept  the  same, 

Mr.  Ilogt'Ts. — I  have  had  considerable  to  do  in  this  line,  an 
uncertain  proposition.  Some  years  ago  I  had  a  Government  con- 
tract and  the  inspector  worked  a  jtroposition  whicli  was  a  good  d(*al 
worse  than  the  metric  system  and  rejected  my  goods,     lie  used 
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a  magnifying  glass  on  all  my  goo<ls.  Investigating  the  trouble,  I 
ran  across  some  written  data  by  the  late  George  F.  Sinionds,  and  it 
exi)lained  the  uses  of  a  great  many  boxes  which  I  found  about  the 
plant  which  had  "  windows  "  in  the  sides  of  them  which  nobody 
could  account  for,  and  I  i)ut  these  into  use.  Those  boxes  were  of 
that  form,  and  in  his  hidden  paper  he  explained  the  apparatus.  He 
filled  the  l)oxes  full  of  brine  first,  and  then  from  below  he  filled 
them  up  with  oil,  so  that  the  brine  was  raised  that  much  higher  and 
left  a  space  in  the  bottom  full  of  oil.  Then  he  had  a  basket  for 
hardening  small  pieces  made  of  wire  with  a  handle,  and  he 
took  the  steel  from  the  case-hardening  furnaces  and  dumped  it 
in  the  basket,  sent  in  through  the  brine  and  brought  it  up  in  the 
oil.  We  put  that  apparatus  ba<»k  into  service  and  never  afterwards 
did  we  have  a  single  rejection  of  the  work,  or  trouble,  because  we 
had  eliminated  the  si)ace  of  time  in  the  air  going  from  the  water 
bath  to  the  oil  bath,  and  after  that  we  had  no  further  trouble.  The 
microscojK*  exhil)it<»d  no  water  or  fire  cracks.  I  also  found  that  it 
cut  down  our  cost  of  production,  b<»cause  In'fore  we  had  to  reheat 
and  draw  it,  but  here  we  took  it  right  from  the  furnace.  That  also 
avoided  a  grcMit  deal  of  warping.  I  think  it  is  one  of  Simond's 
patents,  but  I  am  not  sure. 

Mr.  Hairs. — At  what  teniiK»rature  did  you  keep  your  bath? 

Mr.  Rogers. — We  started  with  the  bath  cold  and  got  it  so  hot 
that  we  could  hardly  put  our  haiuls  in  it.  W(»  would  always  keep 
the  temperature  in  the  furnace  even  for  alnmt  two  hours  after  the 
pots  in  which  the  hardening  was  done  became  cherry  red.  Of 
course  it  would  depend  a  great  deal  on  the  hc^aviness  or  lightness 
of  the  work  that  had  to  be  hanh'ued,  and  the  quality  of  it.  It  was 
all  maehinerv  steel.  We  had  ])revii)usly,  made  milling-cutters 
of  maehinerv  stec^l  and  case-hardened  them  for  special  jobs,  and 
always  had  trouble  with  X\\v  teeth  fiaking  off  or  breaking,  but 
after  we  commenced  case-hanh^ning  by  this  metlnxl  we  had  no 
further  trouble,  and  Simonds  in  his  documents  said  that  this  would 
cut  down  the  cost  of  the  labor  re([uired,  and  Avould  also  eliminate 
the  water  and  fire  cracks. 

Mr.  Charles  L.  (lahrlel. — I  would  like  to  ask  ifr.  Kogers  how 
long  he  left  the  work,  what  interval  of  time  elapsed  after  passing 
Ix^tween  tlie  water  before  he  drew  tlie  basket  u])  into  the  oil. 

Mr.  Rogers. — That  depended  upon  the  thickness  or  the  fineness 
of  th(^  work.  Some  w(»rk  Avould  be  I'V  of  an  inch  thick,  and  we 
would  hold  it  in  the  oil  not  over  five*  minutes.     Other  work  that 
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was  thicker  we  discovered  by  experiment  took  longer,  as  Mr. 
Simonds  said  nothing  in  his  paper  about  time. 

Mr.  Gabriel. — Of  course  this  only  applies  to  a  case  where  you 
do  not  put  any  subsequent  heat  into  the  article  after  it  comes  out  in 
the  oil. 

Mr.  Rogers. — We  found  we  did  not  have  to  put  in  any  subse- 
quent heat  by  using  this  process.  By  adopting  that  we  cut  down 
our  cost  of  production.    You  can  easily  see  how  much  it  saves. 

Mr.  Gabriel. — I  would  like  to  ask,  while  I  have  the  floor,  if  any 
of  the  members  present  can  give  any  information  as  to  the  best 
results  obtained  in  hardening  dies  for  stamping  flat  ware,  such  as 
spoon  work,  from  silver  and  German  silver  ?  And  what  is  the  best 
result  which  has  been  obtained  by  any  method  of  liardening. 
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No.  96».* 

THE     USE     OF    A      SURVEYING     INSTRUMENT     IN 
MACHINE   SHOP    PRACTICE. 

BY  CHARLES  O.  TTLKR,  PITTSBrRO,  PA. 

(Member  of  the  Society.) 

1.  Many  machine  shops  now  have  floor  surface  plates  upon 
which  large  work  is  laid  out  and  various  machining  operations  are 
performed  by  the  use  of  portable  machine  tools  secured  to  the 
plate.  The  quality  of  the  work  produced  is  largely  determined 
by  the  accuracy  of  the  laying  out,  the  correctness  of  the  portable 
tools,  and  the  trucncss  of  the  surface  plate. 

2.  For  work  having  moderate  dimensions,  scales,  squares,  beam- 
compasses,  and  straight-edges  can  be  purchased  in  the  market  suffi- 
ciently accurate,  if  used  by  careful  w^orkmen,  to  meet  the  average 
requirements  in  laying  out  tlic  work  and  setting  the  portable  tools; 
but  for  work  having  large  dimensions  the  scales,  squares,  beam- 
comi)asses,  and  .straight-edges  become  quite  special,  are  expensive, 
and  require  the  Titniost  care  in  their  manipulation  to  insure  cor- 
rect work.  Ten-foot  steel  squares  and  beam-compasses  spanning 
twenty-five  feet  arc  not  easy  tools  to  make  or  handle,  and  the  fear 
that  errors  might  be  made  in  some  large  work,  to  be  undertaken 
at  East  Pittsburg,  led  the  writer  to  the  consideration  of  doing 
away  with  these  abnormal  tools  and  substituting  others  more  easy 
to  manipulate  and  of  a  kind  to  insure  accurate  results. 

3.  The  method  decided  upon  has  proved  so  reliable  and  satis- 
factory for  nearly  two  years  that  a  d(\scription  of  it  may  contain 
some  suggestions  of  benefit  to  those  using  surface  floor  plates  and 
portable  tools.  To  carry  out  the  method  referred  to  we  shall 
require  a  dividing  and  levelling  instrument  of  somewhat  special 
construction;  for  mounting  the  dividing  instrument,  a  centre 
colimin  (with  a  taper  hole  whose  axis  is  exactly  perpendicular  to 
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tbe  base  of  the  column),  a  centre  gauge,  a  straight-edge,  several 
specially  ruled  targe tSj  a  surface  gauge,  and  other  small  tools, 

4.  Let  UB  assume  that  we  have  a  surface  iloor  plate^  suitable 
portable  vertical  slotters  or  planers,  and  portable  horizontal  drill- 
ing and  milling  maeljinoa,  and  that  we  are  to  construct  a  cast-iron 
ring  of  over  twenty  feet  outside  diameter,  properly  proportioned. 
This  ring  is  to  be  made  of  six  ainnlar  sections  suitably  cored  and 

ibbed,  and  the  only  operations  to  he  described  are  the  accurate 
planing  of  the  joints,  cutting  the  keyways,  and  drilling  the  holes 
for  the  clamping  bolts. 

Mount  one  section  upon  planed  cast-iron  blocks  about  two  feet 
thick  and  fasten  securely  to  the  floor  pkte^  being  careful  to  equal- 
ize any  warped  surfaces  found  in  the  casting.  The  centre  eolumn 
ia  to  be  moved  about  upon  the  floor  plate  until  its  exact  position 
in  relation  to  the  section  has  been  determined  by  the  use  of  the 
centering  gauge,  and  the  eoluuxn  i^  then  to  be  securely  fastened 
to  the  floor  plate,  where  it  should  remain  until  all  the  operations 
upon  the  section  have  been  conipleteLh     (See  Fig.  *J[).) 

5,  Mount  the  dividing  inatrinnent  upon  the  centre  column,  and 
with  the  telescope  determine  the  correct  position  for  the  zero 
division  of  the  divided  circle,  to  insure  equalizing  the  cut  at  each 
joint  surface,  and  clamp  the  circ4e  in  this  position.  The  next  move 
13  to  secure  a  straight-edge  or  parallel  to  the  floor  plate  in  such  a 
position  that  its  front  edge  is  in  exact  alignment  \dth  what  is  to 
be  one  finished  joint  surface.  The  location  of  the  straight-edge 
13  determined  by  the  dividiog  instrument  and  by  the  use  of  a 
special  target  which  rests  upon  the  top  of  the  straight-edge  and  has 
a  jjcro  line  exactly  in  aligmnent  with  a  shoulder  %vhich  touches 
tlie  front  of  tlie  straight-edgt*.  (See  Fig.  100.)  Another  straight- 
edge is  then  to  be  secured  to  the  floor  plate  under  the  other  joint 
of  the  section,  and  its  front  edge  must  be  set  at  exactly  sixty 
degrees  from  the  first  straight-edge;  its  position  being  determined 
by  the  dinding  instrument  and  the  special  target  used  in  the 
previous  case.  The  accuracy  of  the  location  of  both  straight* 
edges  being  demonstrated  by  proof  surveys,  we  are  ready  for 
planing  the  joint  surfaces. 


Planing  (he  Joint  sSttrfaces, 

G,  Tor  tlie  joint  pinning  operation  let  us  use  a  portable  vertical 
jotter  or  planer  having  the  front  edge  of  its  base  exactly  parallel 


362    USE  OF  A  SUBYEIINa  INSTBUM£!rr  IN  ICACHINS  SHOP  PBAOTIOB. 

with  the  horizontal  travel  of  the  tool  slide.  Secure  the  portable 
slotter  upon  the  floor  plate  with  the  front  edge  of  its  base  exactly 
parallel  to  the  front  edge  of  the  straight-edge;  the  accuracy  of  the 
setting  being  easily  determined  by  a  pin  gauge,  and  the  fine  adjust- 
ment being  obtained  by  screw  jacks  bearing  against  the  base  and 
stop  lugs  inserted  in  the  floor  plate.  While  the  roughing  cuts  are 
being  made  upon  one  joint  surface,  set  a  second  portable  slotter 
by  the  other  straight-edge  in  the  same  manner  and  proceed  with 
the  roughing  cuts  at  this  end.  In  order  that  the  workman  while 
roughing  may  not  cut  beyond  what  should  be  the  finished  joint 
surface,  it  is  advisable  to  scratch  a  finish  line  on  the  rim  section 
at  each  joint,  but  the  sotting  of  the  tool  for  its  finishing  cut  is 
more  easily  and  accurately  made  by  the  use  of  the  telescope  of 
the  dividing  instrument  than  by  any  other  plan  yet  tried. 

7.  Before  setting  the  tool  for  the  final  finishing  cut  it  may  be 
thought  advisable  to  prove  the  surface  of  the  last  cut — a  much 
simpler  matter  than  at  first  appears.  Let  us  suppose  the  last  cut 
has  left  two-hundredths  inch  stock  to  be  removed  and  that  we  have 
a  target  with  a  centre  line  adjustable  in  a  line  parallel  with  one 
edge.  By  resting  the  edge  of  the  target  against  the  surface  and 
adjusting  its  centre  lino  until  it  exactly  cuts  the  centre  of  the  cross 
linos  of  the  tc^lcscope  when  set  at  the  correct  angle,  we  can  survey 
the  joint  surface  and  prove  that  it  is  or  is  not  parallel  with  what 
is  to  be  the  finished  joint  surface.  If  the  surface  be  found  correct, 
the  finishing  cut  can  be  made  at  once;  if  there  be  an  error,  proper 
adjustment  of  the  portable  slott(»r  must  be  made  and  the  joint 
surface  again  surveyed  after  taking  a  light  cut.  The  accuracy  of 
the  finished  joint  surface  can  easily  ])e  determined  by  the  dividing 
instriunent  with  suitable  targets. 

CuUlnfj  the  Key  way. 

8.  If  tlie  koyway  is  to  b(»  cut  ]>arallel  with  the  face  of  the  rim 
section,  the  operation  can  be  ]^erfornied  by  a  portable  horizontal 
milling  machine  or  a  ])orta])le  slotter  having  a  horizontal  move- 
ment to  the  tool  slide — tho  correct  setting  of  either  machine  to  be 
governed  ])v  the  strni.irlit-odi»(^  attached  to  the  floor  plate,  and  the 
exact  vertical  location  of  the  koyway  determined  by  a  surface 
gauge. 

If  the  keyway  is  to  ])e  cut  ])arall(^l  with  the  axis  of  the  rim 
section,  the  j^ortable  slotter  can  be  used  advantageously  and  the 
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exact  distance  of  the  keyway  from  the  centre  of  the  ring  deter- 
mined by  a  pin  gauge  calibrating  from  the  tool  to  a  pin  inserted 
in  the  taper  hole  of  the  centre  column. 

Drilling  the  Bolt  Holes. 

9.  The  axes  of  the  bolt  holes  should  be  perpendicular  to  the 
joint  surface,  and  they  can  easily  be  made  so  if  the  front  edge  of 
the  portable  horizontal  drilling  machine  be  perpendicular  to  the 
travel  of  the  spindle  and  the  base  of  the  machine  set  parallel  to 
the  straight-edges  attached  to  the  floor  plate.  The  exact  position 
of  each  hole  is  better  determined  by  a  jig  located  by  the  keyw^ay 
and  a  scratched  centre  line;  but  if  the  jig  is  thought  too  expensive, 
the  holes  can  be  quite  easily  laid  out  in  the  usual  way. 

The  Other  Bing  Sections, 

» 

10.  For  each  of  the  other  five  sections  the  same  process  should 
be  gone  through,  and  it  will  be  found  much  easier  to  adjust  the 
centre  column  and  straight-edges  than  to  attempt  to  locate  each 
section. 

Testing  Portable  Machine  Tools. 

1 1.  By  the  aid  of  the  dividing  and  levelling  instrument  it  is  easy 
to  test  the  accuracy  of  portable  machine  tools.  In  the  case  of  a 
portable  vertical  slottor  the  vc^rtical  travel  of  the  tool  slide  can  be 
determined  by  setting  the  instrument  so  that  the  cross  lines  of  the 
telescope  exactly  cut  a  Hue  drawn  upon  the  tool  block  when  at  its 
lowest  position.  •Elevate  the  tool  slide  to  its  highest  point,  tip 
the  instrument,  and  note  tli(^  position  of  the  line  on  the  tool  block 
in  relation  to  the  cross  line  of  the  telescope.  If  the  tool  travel  is 
in  a  line  perpendicular  to  the  base,  and  the  instrument  has  been 
properly  levelled,  there  will  be  no  variation  in  the  reading.  If 
the  tool  travel  is  not  ])erpendienlar,  th(»  instrument  indicates  the 
error,  and  correction  can  be  made  in  the  portable  tool  itself  or 
shims  can  be  used  under  the  base  to  correct  the  error.  To  test 
the  parallelism  of  the  transverse  travel  of  the  tool  slide  with  the 
front  edge  of  the  base  of  tin*  machine,  set  the  front  edf^e  of  the 
base  parallel  with  a  straijLi:ht-ed<>e  secured  to  the  floor  plate  in  a 
surveyed  position — one  edae  of  the  stnii^ht-ed^e  being  approxi- 
mately perpendicular  to  the  tool  slide.  Adjust  the  tool  slide  until 
it  is  exactly  perpendicular  to  the  straight-edge  by  the  scratched 
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line  as  determined  by  the  telescope.  A  transverse  movement  of 
the  tool  slide  to  its  near  and  far  position  will  indicate  any  error; 
if  one  be  found,  it  is  best  to  correct  the  machine  by  planing  or 
scraping,  as  may  be  necessary. 

12.  To  test  the  spindle  travel  of  a  portable  horizontal  drilling 
machine,  set  the  instnmient  to  cut  the  line  of  a  target  attached  to 
the  end  of  the  spindle,  and  survey  the  spindle  in  its  different  hori- 
zontal positions.  The  vertical  travel  of  the  spindle  slide  can  be 
determined  by  locking  the  spindle  in  one  position  and  mo^dng  the 
slide  up  and  down,  the  same  as  for  testing  the  slotter.  Other 
portable  machines  can  be  tested  by  similar  means,  and  the  result 
of  the  tests  can  be  depended  upon  if  the  instrument  is  accurately 
made  and  the  errors  in  the  subdivisions  of  the  circle  are  known. 

Practical  Application  of  the  Method. 

If5.  The  method  described  has  been  practically  applied  to  some 
of  the  mechanical  operations  incident  to  the  manufacture  of  the 
eight  5,000  kilowatt,  altc^rnating  curn^nt,  engine  type,  S-phaso 
generators  built  for  the  ^lanhattan  Railway  Company  by  the 
Wcstinghouse  Electric  and  ifanufacturing  Company. 

Tli(^  aj)proxininte  dinionsions  of  some  of  the  principal  pieces  of 
one  of  tlie.se  generators  are  shown  in  Figs.  1)0,  97,  and  i)8.  The  ex- 
treme lieiglit  from  tlie  bottom  of  tlie  bed  to  the  top  of  the  yoke 
is  42  feet,  and  tli<^  greatest  horizontal  distance  over  all  is  44  feet. 
The  bed  ])late,  4:5  feet  long,  has  two  parts,  securely  keyed  and 
bolted  togetlier,  eaeli  21  feet  0  inches  long  by  10  feet  3  inches  wide 
l)y  2  feet  thick. 

The  stationary  element,  or  armature,  has  six  principal  sections — 
two  h>wer,  two  middle,  and  two  upper — all  securely  keyed  and 
bolted  together;  the  l)ore  being  »S4  fc^et,  a])proximately. 

The  revolving  element,  or  field,  consists  of  many  pieces,  the  prin- 
ei])al  ones  being  the  cast-steel  hul),  the  two  wcl)  plates  of  six  pieces 
each,  and  the  four  rinsr  sections.  The  diameter  of  this  element 
is  27  feet  8  indies  over  rini  sections,  an<l  *)2  feet  over  all. 

The  total  weight  of  tlie  stationary  and  revolving  elements  of 
this  machine  (without  the  shaft)  exc(^e<ls  1,000,000  pounds,  or  500 
tons. 

1  1.  After  the  preliminiirv  design  of  these  machines  had  been 
d(»terniiiied  upon,  it  was  aj)j)arent  that  tlie  buildings,  travelling 
cranes,  and  machine  tool  e(][uipment  then  in  service  at  East  Pitts- 
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burg  were  inadequate  for  the  work.  A  new  building  was  there- 
fore erected,  and  electric  travelling  cranes  were  provided,  having 
ample  capacity  and  mounted  on  runways  of  sufficient  height  to 
give  the  crane-bridge  the  necessary  clearance  over  the  top  of  the 
generators.  It  was  also  apparent,  after  carefully  studying  the 
design,  that  some  of  the  machining  operations  could  best  be  per- 
formed by  the  use  of  portable  machine  tools,  while  for  others 
stationary  machine  tools  would  do  the  work  more  advantageously. 

15.  For  the  operations  to  be  performed  by  portable  tools,  and 
for  the  erection  of  the  machines,  a  surface  floor  plate  was  con- 
sidered a  necessity,  and  the  one  provided  is  48  feet  wide  by  176 
feet  long;  weight,  about  2,000,000  pounds.  This  floor  plate  con- 
sists of  132  cast-iron  sections,  each  8  feet  square,  of  box  section 
heavily  ribbed,  keyed,  and  bolted  together — ^provision  being  made 
for  the  removal  of  any  broken  section,  should  such  a  mishap  occur. 
The  plate,  well  grouted,  rests  upon  transverse  brick  piers  12  feet 
deep  built  upon  a  solid  bed  of  concrete,  about  3  feet  6  inches  thick. 
The  brick  piers  are  4  feet  apart,  centre  to  centre,  tied  together 
at  suitable  distances  by  brick  arches,  and  the  space  between  the 
piers  is  filled  in  to  within  5  feet  of  the  under  side  of  the  cast-iron 
plates.  The  filling  between  the  piers  is  covered  by  a  layer  of 
concrete,  having  enough  pitch  to  properly  drain  into  a  longitudinal 
tunnel  at  one  side  of  the  plate.  There  are  numerous  rows  of 
drilled  and  reamed  holes  for  stop  lugs,  and  tee  slots  extend  the 
whole  length  of  the  floor  plate,  with  numerous  cored  holes  at  the 
bottom  of  the  slots  to  permit  the  chips  to  fall  through  into  the 
transverse  tunnels.  The  longitudinal  tunnel  has  numerous  trap 
doors  through  which  the  chips  can  be  taken  out,  and  by  a  suitable 
sewer  connection  it  is  possible  to  thoroughly  clean,  wash,  and 
drain  this  tunnel  whenever  necessary. 

10.  The  principal  portable  machine  tools  used  were  vertical 
slotters  or  planers  having  a  stroke  of  8  feet,  a  small  horizontal 
adjustment  of  the  tool  slide,  a  transverse  tool  travel  of  4  feet — ^the 
colunm  having  a  horizontal  adjustment  of  4  feet;  hoiizontal  dril- 
ling machines  having  a  vertical  adjustment  of  8  feet,  the  column 
a  horizontal  adjustment  of  4  feet,  with  spindle  travel  of  4  feet; 
vertical  slot  milling  machines,  radial  drills,  and  small  vertical 
slotters. 

The  principal  stationary  machine  tools  were  a  14-foot  planer, 
8-foot  open-side  planer,  radial  drills  with  10-foot  arm,  16  to  24-foot 
and  16  to  36-foot  extension  vertical  boring  and  turning  mills,  28- 
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foot  vortical  boring  and  turning  mill,  122-inch  engine  lathe,  a 
special  floor-boring  machine  carrying  portable  heads,  and  several 
smaller  machines. 

THE   STATIONARY   ELEMENT. 

Bed  Plates. 

17.  The  bottom  and  top  of  bed  plates  were  planed  on  the  14-foot 
planer;  the  joint  surface  and  key  way  on  the  open-side  planer,  and 
the  joint  bolt  holes  were  drilled  on  the  floor  plate  with  portable 
horizontal  drilling  machines. 

Bottom  Sections. 

18.  The  bottom  sections  were  the  most  difficult  to  machine,  and 
a  more  detailed  description  of  some  of  the  operations  on  these 
pieces  will  make  it  unnecessary  to  outline  so  fully  the  operations 
on  the  other  sections. 

By  referring  to  Fig.  96,  it  will  be  noticed  that  the  lower  or  per- 
pendicular joint  is  at  right  angles  to,  and  the  upper  joint  has  a 
portion  parallel  to,  the  bottom  or  base — the  remainder  of  the 
upper  joint  being  at  a  definite  angle  from  the  lower  joint.  The 
rough  casting  was  mounted  on  the  floor  plate,  resting  on  cast-iron 
blocks,  the  bottom  being  set  approximately  perpendicular  to  the 
plate,  as  shown  in  Fig.  00. 

19.  The  proper  location  of  the  section  involved  the  making  of 
numerous  measurements  to  insure  plenty  of  stock  for  finishing — 
this  being  particularly  necessary  for  the  slot  lugs  located  in  the 
bore.  The  centre  column  was  mounted  on  the  floor  plate  and  its 
position  deteriiiinod  by  tlie  (•(mtcriu^  i^^^^g^S  ^i^  shown  in  Fig.  00 — 
more  or  less  proof  testing  being  necessary  to  insure  its  exact  loca- 
tion, after  which  it  was  securely  clamped  to  the  plate. 

The  perpendicularity  of  the  faces  of  the  slot  lugs  was  deter- 
mined by  scribing  lines  upon  the  top  surface  of  the  slot  lugs  with 
the  centre  gauge  at  the  proper  elevation,  and  by  lowering  the 
centre  gauge  rest  or  support  similar  lines  were  scribed  on  the  bot- 
tom surfaces  of  the  slot  lugs — scale  measurements  being  accurate 
enough  to  prove  this  setting,  after  which  the  bottom  section  was 
bolted  to  the  floor  plate.  The  dividing  instrument  was  then 
mounted  upon  the  column,  properly  hovelled,  and  finish  lines 
scribed  at  each  joint  surface. 

Straight-edges  were  then  secured  to  the  floor  plate  in  their  exact 
24 
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povsition — one  edge  of  each  being  set  exactly  perpendicular  to  the 
desired  finished  joint  surface,  the  position  of  these  straight-edges 
being  determined  by  the  dividing  instrument  and  suitable  target, 
as  shown  in  Figs.  100,  101,  and  104. 

20.  After  proving  tlie  exact  position  of  these  straight-edges,  the 
portable  slotters  were  set  in  their  correct  location,  secured  to  the 


Fio.  101. 


plafo,  nnd  the  rouoliinc:  cuts  tak<»n — slottc^rs  oft<Mi  working  upon 
both  joints  at  the  same  time.  Tli(»  aecuracy  of  the  rough  planed 
joint  surfaces  wiis  proved  by  tlie  divicb'ng  instrument  and  an  ad- 
jiistjil)le  target,  after  wliieli  the  cutting  tool  was  set  by  the  instru- 
ment for  the  ilnal  ra«lijil  iinisliing  ent.  For  that  portion  of  the 
up])er  joint  of  tliis  section  ])anilh'l  to  tlie  bottom,  the  slotter  was 
set  by  tlie  ai<l  of  the  aii.i:l<*  teiii])lat<\  shown  in  Fiir.  101 — a  pin 
gauge  ])roving  that  the  tool  slide  was  paraUel  with  the  angle 
template. 
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The  joint  bolt  holes  were  drilled  by  the  portable  drills  shown 
in  Fig.  102,  tlic  ])o^itiiin  of  the  hult  hides  lieing  deterniined  by  tlie 
use  of  drill  jig.^  located  by  keys  and  by  a  eeiitre  line.  The  drill  jiga 
were  made  reversible  for  drilling  holes  in  the  faces  of  the  corre- 
sponding joint  surfaces  of  the  connection  sections. 

After  completing  the  operations  upon  the  joint  surfaces^  the 
lower  sections  were  finished  upon  the  bottom  on  a  stationary 
planer.    The  next  oiieration  was  the  drilling  of  the  liolr,  holes  and 


ll 


'4* 


I    <%:^ 


y 


Fits.  103. 

tin  drilling  and  tapping  of  the  adjusting  screw  holes  in  the  bottom 
of  the  section  UJider  ra<lial  drills. 

Middle  and  Upper  Sections, 

2L  The  operations  upon  the  joint  surfaces  of  the  middle  and 
upper  sections  were  laid  ont  and  finished  in  substantially  the  same 
manner  as  were  those  on  the  lower  section;  some  of  them  being 
shown  in  Figs,  KKi,  101,  103,  and  104, 


Fir8l  Asfiemhlmg  of  the  Stationary  Element. 

i22.  After  finishing  all  the  principal  operations  upon  the  joints 
of  the  ^ix  3ectionS|  the  two  lower  sections  %vere  placed  in  position 
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on  the  floor  plate  and  the  lower  joint  bolted  together.  The  two 
nvkldle  sections  were  next  placed  in  position  and  securely  bolted 
to  the  lo^t^er  sections.  After  assembling  the  two  lower  and  two 
middle  sections  of  the  first  generator,  it  was  thought  advisable  to 
survej  the  snrfaces  of  the  upper  joint  of  the  middle  sections  to  be 
sure  that  they  were  level  and  in  exaet  alignment  with  the  centre 
of  the  machine.  These  surf aeea  were  found  to  be  so  accurate  that 
surveys  of  the  same  were  not  considered  necessary  on  succeeding 
generators. 

One  of  the  npper  sections  was  next  placed  in  position  and  sc- 
curely  bolted  to  one  of  the  middle  sections.  As  the  joints  of  the 
upper  section  were  planed  at  an  angle  of  90  degrees,  and  as  the 
bore  was  34-  feet,  thedistaneefrom  the  inner  edge  of  the  horizontal 
joint  to  the  centre  was  17  feet.  If  there  were  not  any  deflection 
the  vertical  joint  would  have  been  exactly  in  alignment  with  the 
vertical  joint  of  the  lower  section,  but  it  was  found  that  the  upper 
joint  over-hung  six-hundred  ths  inch  in  the  first  generator^  and  the 
over-hang  in  the  sueceeJing  seven  generators  in  no  ease  exceeded 
elevt'ii-huiidredths  inch.  The  total  variation  between  the  genera- 
torSj  therefore,  was  five-hundredths  inch*  The  amount  of  over- 
hang was  determined  by  the  use  of  a  plumb  line — the  elevation 
of  the  surveying  instrument  not  being  sulKeient  to  permit  its  use. 

23.  The  second  upper  section  was  next  placed  in  position  and 
first  securely  bolted  to  the  middle  section*  After  this  was  done 
an  examination  of  the  upper  joint  was  made,  and  it  was  found 
that  a  very  thin  piece  of  sheet  steel  could  he  inserted  at  the  lower 
edge  of  the  joint,  while  it  was  tight  at  the  upper  edge.  When 
the  bolts  were  put  in  place  and  w^ell  tightened  the  joint  was  abso- 
lutely tight  all  over^  and  tests  with  the  phmib  line  showed  the 
joint  to  be  exactly  in  aUgnment  with  the  vertical  joint  of  the  lower 
sections.  The  variation  in  the  alignment  of  the  vertical  joints 
of  eight  generators  did  not  exceed  threednindredths  inch. 

Careful  measurements  of  the  vertical  diameter  were  made  be- 
fore the  second  upper  section  was  put  in  position,  and  in  every 
case  but  two  it  was  found,  after  placing  the  second  upper  section 
in  position,  that  the  tightening  of  the  bolts  of  the  upper  vertical 
joint  actnallv  increased  tlie  vertical  diameter  by  an  appreciable 
amount,  although  not  exceeding  five-hundredths  inch  in  any  in* 
etancf\  This  result  seemed  to  prove  quite  conclusively  that  no 
errors  had  been  made  in  laying  out  the  w^ork  or  in  planing  the 
joint  surfaces.     It  also  pro^'ed  to  those  respondhle  for  the  work 
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that  tilt'  metliod  wa^  praetioiilj  and  that  the  dividing  inBtriiment; 
could  be  relied  upon  for  nee  urate  results*  After  asseuibliug  the 
siK  sections  and  making  proof  measurements^  the  work  of  chipping 
the  e^lges  of  the  joints,  hmaeking  the  sides  of  the  keywayf;,  and 
fitting  the  keys  was  performed.  Careful  measurements  of  the 
horizontal  anrl  vortical  diameters  were  recorded^  and  then  the 
frame  was  taken  apart. 


Second  Assembling  of  the  Stationary  ELemmit, 

24.  The  six  sections  were  next  assembled  on  the  special  floor- 
boring  machine — ^the  axis  of  the  bore  being  in  a  vertical  position 
(see  Fig-  105).  This  boring  machine  is  48  feet  square  and  has  a 
rotating  table  over  IS  feet  diameter,  carrjring  various  portable 
tool  heads*  which ^  for  large  work^  are  supported  on  arms  ha\'ing 
sufficient  radial  adjustment  to  bore  up  to  40  feet  diameter*  The 
driving  mechanism  is  entirely  under  the  lloorj  with  operating 
levers  at  the  side  of  the  machine.  Current  for  driving  the  motors 
operating  the  feed  meehanism  of  the  portable  tool  heads  is  carried 
up  through  the  centre  of  the  rotating  table,  where  connection  can 
be  made  by  flexible  cables. 

The  assembling  of  the  sijc  sections  followed  in  the  order  of  the 
first  assembling,  Th<*  lower  sections  were  positioned  by  a  heavy 
angle-plate  securely  fastened  to  the  boring  maeliinCj  which  deter- 
mined the  exact  distance  from  the  centre  to  the  bottom  of  the  gen- 
erator. After  the  sections  were  properly  blocked  and  bolted  to- 
gether, careful  measurements  were  made  of  what  were  the  vertical 
and  horizontal  diameters  when  the  sections  were  first  assembled. 
In  each  case  it  was  found  that  the  former  vertical  diameter  had  in- 
creased twelve-hundred ths  inch  and  that  the  horizontal  diameter 
had  not  changed  materially,  showing  that  most  of  the  defi»*ction 
was  in  the  upper  section.  By  numerous  heavy  braces  and  taper 
wedges  the  upper  sections  were  sprung  toward  the  centre  uutil  the 
diameter  corresponded  with  the  diameter  recorded  during  the  first 
assembling.  The  frames  were  then  bore<l,  faced,  and  recessed  to 
the  required  dimem^^ions.  The  dove^tailed  slots  for  hnldiug  the 
sheet  steel  laminations  were  planed  and  uiilled — the  spacing  of 
these  slots  being  determined  by  the  table  of  the  boring  machine, 

25,  The  table  was  gradnated  as  follows:  Tn  tlie  edge  of  the  table 
there  were  3G0  holes  drilled  one-quarter-iueh  diameter,  into  which 
were  driven  brass  pings.     The  edge  of  the  table  was  slightly  re- 
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ees^d  and  the  brass  plugs  faced  to  protect  them  from  injury* 
The  dividing  and  levelling  instrument  was  mounted  upon  a  coluiim 
accuratelv  litti ug  into  a  recess  in  the  centre  of  the  table »  and  a 
target  was  set  np  at  quite  a  distance  away.  The  subdivisions  of 
the  circle  were  obtained  by  rotating  the  tabic  until  the  cross  line 
(  f  the  telescope  exactly  cut  the  line  on  the  tiirget  for  eaeli  degree 
—the  line  then  being  made  on  the  brass  plug  by  a  special  grad- 
uating fixture  attached  to  the  bed  of  the  machine. 

After  the  operations  were  all  performc^d  on  the  frame  the  six 
flections  were  taken  apart.  The  sheet-steel  laminations,  ventihit- 
ing  plates,  end  plate:^,  and  clamping  bolts  were  next  assembled 
with  each  section  of  the  stationary  element* 


End  Platen  f Of'  Statitmary  KlevtenL 

2G*  The  end  plates  for  clamping  the  sheet-steel  laminations 
were  matie  from  yteel  castings  and  were  35  feet  4  inches  outside 
diameter  with  16  inches  face.  These  plates  were  turned  on  a 
36'f0Ot  extension  vertical  milL  The  end  plates  were  carried  on 
plates  mounted  ujion  twelve  outriggers  bolted  to  the  14^foot  table 
of  the  mill.  To  tliese  outriggers  were  attaeiied  adjustable  shoes 
resting  on  an  annular  bearing  20  feet  diameter,  which  gave  suffi- 
cient support  to  the  outriggers  and  relieved  the  table  of  undue 
strain*  The  driving  mechanism  for  this  mill  Avas  the  same  as  in 
a  IG  to  24-foot  extension  mill  and  was  not  of  sufficient  strength 
to  permit  of  taking  h^avy  cuts. 

27.  A  wornvgear  drive  Avas  recently  provided  having  somewhat 
nnusnal  sizes.  Tlie  cast-iron  worm  gear  has  180  teeth  made  in  12 
sections  having  15  teeth  each;  pitch  diann^ter,  33  feet  5  inches; 
face,  13i  inches*  The  twelve  sections  are  securely  bolted  together 
and  bolted  to  the  outriggers.  Tlie  worm  is  of  cast  iron,  20  inches 
diameter,  20  inches  long,  7  inches  pitch,  single  thread  of  involute 
rack  tooth  form,  30  degrees  included  angle.  The  worm  is  driven 
by  snitable  gearing  and  runs  30  to  63  revolutions  per  minute^ 
driving  the  table  one  turn  in  3f,  6,  4,  and  3  minutes;  cutting 
speedsj  at  30  feet  diameter^  13,  19^  28,  and  37  feet  per  minute. 

The  Rerolving  EletnenL 

28.  The  dividing  and  levelling  instrument  was  used  only  on  the 
rim-section  joints  and  to  sulidi^dde  the  circle  for  the  dove-tailed 
slots*     The  joints  were  made  by  the  same  means  as  used  for  the 
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statianary  element  sections.  The  operation  o£  subdividing  the 
circle  is  ^Hot^ti  in  Fig*  106,  in  which  the  instrument  is  mounted  on 
a  centre  cohunu  and  the  lines  are  ruled  on  brass  plugs  by  a  special 
graduating  device. 

The  Dividing  and  Levelling  In^trumenL 

29,  The  instrument  in  daily  use  at  East  Pittsburgh  was  designed 
and  made  by  The  Warner  and  Swasey  Company,  of  Clevekod, 


Fig.  \m. 

Ohio,  who  kintlly  furnished  the  writer  with  the  following 
description: 

"  The  knurled  base  on  which  the  instrument  rests  is  provided 
with  an  internal  thread  for  screwing  it  to  the  cap  of  a  tripod;  or, 
if  it  is  preferred,  a  supplementary  base  can  he  screwed  to  it,  the 
lattcy  being  provided  with  a  taper  hole  for  readily  centering  the 
instrument  on  a  snitably  designed  cast-iron  cnlnmn.  The  knurled 
base  has  four  levelling  gcrews,  by  which  the  body  of  the  instru- 
ment is  attached,  the  nsual  supporting  Imll  and  socket  joint  being 
provided  in  the  centre  between  the  two. 

"  In  the  centre  of  the  instniment  are  two  vertical  spindlesj  the 
one  fitting  inside  the  other.  The  outer  spindle  carries  the  hori- 
zontal circle  independently  from  the  inner  spindle,  which  carries 
ttie  supporting  yoke  and  the  telescope.  Tho  circle  is  provided 
with  clamps  and  slow  motions  so  that  its  0  division  can  be  brought 
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80-  **  The  yoke  is  mounted  on  the  inner  «^pin<lle  and  is  provided 
with  damps  and  slaw  motioii%  so  that  the  tek^sc^ope  can  be  moved 
to  any  azimuth  position  relative  to  the  circle  and  independently 
of  it.  It  haa  two  2-uiinute  liorizontal  levels,  90  degrees  apart,  for 
quickly  setting  the  instnnnent.  The  telescope  rests  in  a  cradle 
m  arranged  that  it  can  be  revolved  about  its  long  or  optical  axis, 
the  cradle  resting  in  Y  bearings  which  arc  reversible  for  collima- 
tion,  the  line  of  eollimation  being  perfect  from  a  distance  of  10 
feet  to  infinity. 

*'  The  telescope  has  an  objective  one  and  one-half  inches  in 
diameter,  a  focal  length  of  eleven  inches,  and  givoSj  with  two  eye- 
pieces, magnification  of  15  and  22 j  respectively.  The  eye-piece 
has  the  usnal  cross  wires  and  focusing  adjustment  with  rack  and 
pinion. 

"  The  cradle  trunnion  carries  a  slow-motion  arm,  which  can  be 
clamped  at  any  position  for  accurate  altitude  setting.  The  strid- 
ing level  is  seven  and  onedialf  inches  long,  has  an  air  chamlHi^r  and 
divided  scale,  one'tenth-ineh  bubble  travel  being  equivalent  to  10 
seconds  of  rvcJ^ 

31.  Mr*  Swasey  has  stated  to  the  writer  that  the  greatest  error 
in  the  siilKlivisIons  of  the  circle  of  this  instrimient  wonld  not  ex- 
ceed one  second  of  arc — an  amount  equal  to  0,3072  inch  at  a 
distance  of  one  mile. 

So  many  uses  have  been  found  for  the  instrument,  and  it  has 
proved  so  valuable,  that  a  second  one  was  recently  ordered  to  be 
on  hand  in  case  of  accidental  injury  to  the  one  now  in  service. 

^      DisccrssioN. 

3fr-  George  L,  Jufu^/er. — This  method  of  using  a  surveying 
instrument  in  a  machine  shop  can  be  applied  in  almost  every 
one's  ])ractiee  in  a  number  of  little  things.  I  found  a  transit 
about  tlie  handiest  thing  that  T  could  lay  my  hands  on  for 
lining  up  and  levelling  shafting*  One  can  stand  on  the  floor 
with  the  instrument  in  a  fixed  position  and  get  a  line  of  shafting 
running  down  tlirough  a  long  shop  perfectly  straiglit  and  very 
much  more  nearly  a  true  level  than  is  possilde  with  the  ordinary 
methods  of  a  string  measurement  and  the  ordinarv  level  which  is 
used  by  millwrights.  I  found,  too,  that  where  I  have  had  a  long 
line  of  separate  pieces  of  counter-shafting  that  I  wanted  to  get 
in  line  with  the  main  shaft » that  by  simply  taking  an  offset  witli 
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tJi0  transit  and  keeping  that  in  line,  I  coiild  bring  all  of  the 
eonnter-shafting  in  parallel  with  the  main  line  and  make  it  level 
at  different  heights^  and  do  that  work  in  less  than  half  the  tijne 
that  would  be  required  to  put  up  shai'ting  in  the  ortlinary  way.  I 
also  used  it  for  leveling  engine  beds  and  large  pieces  of  machinery 
in  the  same  way,  A  level  or  transit  once  accurately  fixed  is 
worth  a  gi^at  deal  more  tlian  the  ordinary  spirit  lev-eL 

J//\  Frt'd  J.  Miller. — About  t\ventj  years  ago  I  had  some 
similar  experience  in  lining  up  some  long  lines  of  shafting  with 
a  transit,  which  was  also  a  theodolite,  s<J  armnged  that  the  teles- 
cope rested  in  Y  bearings,  aad  could  be  revei*secl ;  it  had  a  good 
level  upon  it.  There  were  several  long  lines  of  shafting,  and 
they  had  been  lined  up  every  year  when  the  factory  shut  doAvn. 
They  did  it  in  the  old  way  with  carpenters'  levels,  anil  every 
year  it  soeiaed  to  l>e  necessary  to  alter  the  levels  of  those  ijear- 
ings-  The  level  indicated  tiiat  they  neeiled  alteration.  At  the 
tim^^  I  s]ieak  of,  we  tried  the  transit  and  leveled  the  line  shaft 
w*ith  it,  using  the  good  level  that  was  on  that  instrument.  The 
next  year  tliey  supposed  it  was  ucNjessary  to  line  the  shafting 
again  a»  usual,  but  when  they  came  to  i>ut  the  transit  on  the  seo^ 
ond  year  the  shaft  did  not  need  any  lining  up;  that  shnply  indi- 
cated that  we  had  with  the  transit  really  lined  it  for  the  fli*st 
time  and  that  it  stayed  in  fxisition.  It  also  showed  that  which 
1  think  is  generally  the  case-— /.«\,  that  in  the  shop  it  is  not  gen- 
erally appi'^ciated  what  a  really  faidty  instrument  of  precision 
the  ordinary  level  is-  It  is  nowhere  ne^ir  precise.  It  \von*t 
show  **  within  a  row  of  apjJe  trees''  Avhether  you  are  level  or 
not,  but  a  good  level  such  as  is  put  on  an  engineer's  instrument 
will  reidly  show  yon  whether  a  line  is  level  or  not, 

Mr,  F,  IL  i/<j/y^ /*.— Al)out  eight  years  ago  I  laid  out  a  new 
device^  in  abattoir  work  for  the  handling  of  slaughtered  hogs, 
where  the  men  were  working  nearly  as  close  as  we  are  in  this 
room.  It  consisted  of  shafting,  pulleys,  an  overhead  railroad, 
and  a  great  many  different  devices*  While  the  men  were  pro- 
ctN3diiig  with  the  slaughtering  od  the  floor,  the  work  was  laid 
out  with  a  transit,  and  when  it  was  started  up  there  was  not  a 
hit^h  of  any  sort. 

Mr.  /-\  A.  Sanf/mnettL—The  members  have  spoken  a  great 
deal  about  the  use  of  a  leveling  instrument  for  leveling  shafting* 
It  might  be  of  interest  to  some  of  them  to  know^  that  there  was 
a  case  where  a  leveling  instrument  was  used,  not  to  level  a  shaft- 
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ing,  but  to  insure  its  being  straight  when  out  of  level.  I  refer 
to  the  machinery  hall  in  the  Centennial  Exposition  in  Philadel- 
phia. The  ground  was  something  like  two  feet  out  of  level,  and 
the  engineers,  to  save  expense,  made  the  building  to  suit  the 
slope,  and  the  shafting  had  to  be  parallel  with  the  floor.  A  sur- 
veying instrument  was  used  there  to  great  advantage.  The 
proper  angle  was  calculated,  and  the  ordinates  set  up  by  sight- 
ing. I  do  not  suppose  many  of  the  younger  members  would 
know  of  such  an  instance  where  a  leveling  instrument  was  used 
to  set  up  a  shaft  out  of  level. 

Mr.  C.  C.  Tyhr* — I  am  well  aware  of  the  fact  that  the  sur- 
veyor's  transit  and  level  have  been  used  for  a  number  of  years 
for  the  leveling  of  shafting,  planer  beds  and  engines,  but  I  had 
not  heard  of  using  a  dividing  and  leveling  instrument  for  laying  out 
large  work,  orforsettingand  proving  portablemachine  tools,  before 
I  decided  upon  its  use  for  the  work  described  in  this  paper.  It  was 
the  use  of  the  instrument  as  applied  to  setting  portable  tools  to  in- 
sure their  being  exactly  perpendicular  to  the  surface  floor  plate, 
and  in  the  correct  position  to  obtain  exact  angles  when  machin- 
ing the  joints  of  large  machines,  that  I  thought  might  prove  of 
interest  to  the  members.  Xew  uses  for  the  instrument  are  often 
found,  new  ways  of  locating  tools  which  insure  very  accurate 
work,  and  it  has  proved  of  particular  advantage  in  making  sub- 
divisions of  the  circle.  You  will  note  on  the  last  page  of  the 
paper  its  circular  divisions  have  an  almost  inappreciable  error, 
al)Out  three-tenths  of  an  inch  to  the  mile,  and  when  carefully 
used  the  finished  work  on  large  machines  should  be  sufficiently 
accurate  for  ])ractical  requirements. 

*  Author's  closure,  under  the  Rules. 
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BY  J*ill>(  T.  VtI-KI«*  CONN  Hits  VI  l.UB,  UTO. 

(MemtMSr  of  tliG  Society.) 

1,  The  writer  has  bnen  searching  diligently  for  the  past  sixteen 
years  for  information  about  rotary  pumps,  in  order  to  have  the 
benefit  of  the  experience  of  others.  The  greatest  amount  of  infor- 
nmtion  was  found  in  the  United  States  Patent  Office  Records^  and 
in  Professor  Eeuleaux'a  **  Kinematics  of  Machinery/'  translated 
and  edited  by  A.  B.  W.  Kennedy,  C.E*,  and  pnblished  in  IS 76  by 
MacMillan  &  Co.^  London- — a  book  which  has  been  out  of  print 
for  sonic  time  and  is  very  difficult  to  obtain.  In  this  work  Pro- 
fessor Keuleaux  cites  records  of  the  use  of  thia  pnmp  as  early  as 
1630 J  the  pumps  described  having  two  impellers,  each  of  which 
had  four  lobes  or  teeth;  and  he  shows  and  discusses  many  forms 
of  rotary  positive  maehineSj  some  of  which  were  intended  for 
steam  engines,  some  for  pumps,  and  other  for  blowers.  This  book 
contains  the  most  comprehensiYe  history  and  discussion  of  rotary 
machines  that  the  writer  has  been  able  to  obtain. 

2.  The  development  and  commercial  use  of  rotary  ptimps  kept 
pace  with  the  other  types  until  about  thirty  or  forty  years  ago, 
when  they  became  quite  nnpopularj  largely  due  to  the  fact  that 
they  were  misapplied,  and  because  the  manufacturers  undertook 
to  produce  them  too  cheaply  in  order  to  compete  with  centrifugal 
pumps,  making  the  contact  surfaces  of  the  impellers  unfinished 
castings*  The  misapplication  was  in  using  small  capacity  ma- 
chines for  high  pressures,  resulting  in  a  large  per  cent,  of  leakage 
and  develoi^ing  weakness  of  construction. 

3>  The  writer^  after  a  careful  study  and  analysis  of  the  different 
forms  shown  in  the  above-mentioned  records,  and  also  those  which 
were  on  the  market  at  that  time,  decided,  about  ten  years  ago, 
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that  a  rotary  pump  having  two  similar  impellers,  the  contours  of 
which  were  formed  by  complete  epi-  and  hypo-cycloids,  would 
make  a  machine  which  would  give  excellent  results  if  properly 
constructed  and  applied.  Fig.  108  shows  a  cross  section  of  such  a 
pump,  which  is  designated  as  a  two-lobe  cycloidal  pump,  and  it  is 
this  form  which  will  be  principally  discussed  in  this  paper. 

4.  The  writer  has  proceeded  with  the  belief  that  a  rotary  pump 
is  a  good  device  for  moving  large  volumes  of  fluids  at  low  or 
moderate  pressures,  and  has  avoided  using  them  on  high-pressure 
work.     This  form  was  selected  for  the  foUomng  reasons,  viz.: 


Fio.  108. 


The  outlines  of  the  impellers  are  mathematically  correct,  hence 
the  clearance  can  be  made  uniform. 

The  shape  admits  of  a  strong  casting  in  a  single  piece,  thus 
avoiding  internal  fastenings  or  joints. 

The  impellers  revolve  freely  in  their  cylinders,  hence  there  is 
no  internal  friction,  packing,  nor  necessity  for  lubrication. 

The  minor  axis  of  the  impeller  is  large  enough  to  permit  the 
use  of  a  shaft  of  ample  diameter,  leaving  sufficient  metal  for  a 
good  hub,  and  at  the  same  time  giving  a  relatively  liigh  capacity 
to  a  machine  having  a  given  distance  between  the  shaft  centres. 

There  is  no  sudden  change  of  work  on  these  impellers  nor  in  the 
pump  as  a  whole. 
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There  m  no  teudcticy  to  form  enclosed  poekets  between  the  im- 
pellers in  which  the  fluid  would  be  eompressedj  eauaing  unneces- 
sary work. 

5.  It  is  a  remarkable  fact  that  all  of  the  principal  rotarj  piiinps 
on  the  market  at  that  time  were  so  arranged  that  there  were  two 
or  more  points  of  contaet  between  the  impellers  in  certain  portions 
of  the  revolution^  thus  forming  compression  spaces,  the  same  as 
in  the  caae  of  a  pair  of  gears  used  aa  a  pimip.  This  rediietion 
of  volumes  when  the  pump  is  used  for  liquids  is  very  destructive 
in  its  effeet,  and  was  recognized  by  certain  designers^  who  provided 
grooves  in  the  end  plates  connecting  these  spaces  with  the  snetion 
side  of  tljc  pump,  thus  relieving  to  some  extent  the  shock 

The  displacement  per  revolution  of  a  two-lobe  cycloidal  pump 
is  exactly  the  volume  of  the  cylinder  in  which  the  impeller  re- 
volves; or^  in  other  words,  the  area  of  a  twodol»e  cycloid  a  I  iiitpeller 
is  one-half  the  area  of  the  circumscribed  circle.  This  fact  raakss 
it  possible  for  tliis  form  to  be  used  as  a  meter,  the  displacement 
of  which  can  be  very  accurately  determined, 

6,  The  discliarge  from  the  pump  is  continuous  but  not  uniform. 
One  of  the  errors  which  has  been  committed  in  ^connection  with 
rotary  pumps  is  that  their  manufacturers  have  claimed  the  dis- 
charge to  be  nniforiiK  Figs,  101)  and  110  show  diagrams  of  the  path 
of  contact  between  the  two  impellers^  and  the  variation  of  work 
on  each  one,  also  tlie  variation  of  the  combined  work  of  both.  The 
liasc  line  in  Fig.  110  is  a  development  of  the  pitch  eirtde,  the  radius 
of  which  in  this  case  is  2  inches.  If  the  length  of  the  impellers 
be  assumed  as  unityj  the  capacity  of  the  pump  per  revolution  is 
represented  hy  the  area  enclosed  between  the  base  line  and  the 
line  2^  inches  above.  The  dotted  curved  line  in  Fig.  110  represents 
the  variatinn  of  work  of  the  impeller  shown  in  dotted  lines  in  Fig, 
ttm,  whih'  the  lower  fuU-curvetl  line  in  Fig.  110  represents  the 
work  of  tlie  opposite  impellen  The  upper  curve  re[iresents  the  com- 
Ijined  work  of  hotli  impellers.  The  distance  between  the  ordinates 
represents  tlie  travel  at  the  pitch  line,  also  the  travel  of  the  point 
of  contact  in  the  circumference  of  the  small  generating  circles. 
This  diagram  was  made  to  detennine  the  amount  of  water  which 
must  be  absorbed  and  given  off  by  the  air  chambers  when  the 
pump  is  used  on  liqiuds  and  the  areas  between  the  upper  curved 
line  and  the  line  of  mean  discharge  enable  ns  to  determine  this 
quantity.  It  will  he  noticed  that  the  point  of  ma^cimum  discharge 
is  ten-ninths  and  the  point  of  minimum  discharge  is  eight-ninths 
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of  the  mean  discharge.  The  work  on  each  impeller  varies  from 
zero  to  a  maxiimmi  shown  2  inches  above  the  base  line.  The 
rmnimuin  work  of  the  pump  occurs  when  the  impellers  are  at 
right  angles  to  each  other^  as  in  this  position  one  impeller  is  bal- 
anced and  the  opposite  one  is  at  its  point  of  maximum  work*  Thu 
position  of  uiaximuni  combined  work  of  the  two  impellers  is  when 
their  major  axes  are  parallel  to  each  other  and  at  angles  of  forty- 
five  degrees  to  tiie  line  of  centres, 

7,  Assuming  one  of  the  shafts  to  be  the  driverj  the  work  trans- 
mitted by  the  gears  varies  with  the  work  of  the  driven  impeller. 
The  maximimi  gear  transmission^  therefore^  is  eight-ninths  of  the 
mean  work  of  the  pump. 

The  area  which  each  impeller  presents  to  the  working  pressure 
is  variable,  as  is  also  the  direction  of  the  rpsultant  pressure^  the 
maximimi  area  of  the  impeller  being  exposed  to  the  full  difference 
of  pressurej  under  which  the  machine  is  working,  when  the  major 
axis  of  the  impeller  is  parallel  to  the  line  of  shaft  centres.  The 
points  of  contact  with  the  cylinder  and  witli  the  other  impeller  are 
on  the  centre  line  at  this  point,  and  the  impeller  is  in  a  balanced 
position  doing  no  effective  work,  so  that  in  this  position  the  total 
load  due  to  the  pressure^  phis  tho  weight  of  the  moving  parts^  is 
downward  or  at  right  angles  to  the  line  of  centres.  As  the  im- 
peller leaves  this  posiition  the  direction  of  pressure  and  the  ex- 
poSGd  area  vary  until  the  impeller  reaches  a  position  at  riglit  angles 
to  the  line  of  centres,  where  it  has  its  maximum  nnbalanced  area 
exposed^  and  also  where  it  umlergoes  a  change  in  direction  of 
pressure^  due  to  tlie  passing  from  suction  to  the  discharge^  of  the 
inclosed  volume  of  fluid  between  it  and  the  cylinder. 

8.  In  fiesigning  rotary  pumps  one  of  the  principal  problenis  to 
be  solved  is  the  proper  provision  for  supporting  the  impellers. 
They  are  supported  by  their  shafts  resting  in  journal  bearings 
separated  from  the  cylinJers  by  stuffing  boxes;  hence,  tho  problem 
Is  a  modification  of  the  beam  supported  at  the  ends  and  carrying 
a  load  varying  in  intensity  and  direction,  the  load  being  distributed 
over  a  portion  of  its  length.  This  problem  can  hardly  be  solved 
by  any  other  method  titan  experience,  but  when  properly  solved 
the  rotary  pump  has  proven  itself  to  be  an  excellent  device  for 
moving  large  volumes  of  fluids  against  moderate  pressures.  The 
designer  of  rotary  pumps  is  not  c^uupelled  to  consider  a  multi- 
plicity of  valves,  ports,  etc^  such  as  is  met  Avith  in  the  design  of 
reciprocating  macliinery,  nor  does  he  have  the  problem  of  veloc- 
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ities,  centrifugal  force,  fluid  friction,  accurate  balancing,  etc.,  as 
encountered  in  designing  centrifugal  machines. 

We  have  up  to  this  time  used  the  word  pump  in  its  broader  sense^ 
but  in  considering  the  uses  of  rotary  pumps  the  machines  used  for 
elastic  fluids  should  be  discussed  apart  from  those  used  for  liquids. 
The  action  of  a  rotary  pump  or  blower  as  an  air  compressor  is 
practically  the  same  as  the  action  of  a  duplex,  crank-and-fly-wheel, 
double-acting,  piston  compressor  which  has  mechanically  operated 
valves  opening  and  closing  at  the  beginning  and  end  of  the  stroke, 
assuming  the  piston  machine  to  have  no  clearance  spaces.  There 
is,  therefore,  no  gradual  compressing  of  air  in  a  rotary  machine, 
and  the  unbalanced  areas  of  the  impellers  are  working  against  the 
full  difference  of  pressure  at  all  times.  The  possible  efficiency 
of  such  a  machine  under  ordinary  temperature  and  conditions  of 
atmosphere,  assuming  no  mechanical  friction,  leakage,  nor  radia- 
tion of  heat  of  compression,  would  be  as  follows : 

Compression  to  oDe   pound  gauge  pressure  97i  per  cent. 


'  two       •• 

95i 

*  tliree     ** 

98fl. 

*  four 

»lfo 

•  five 

90 

*  ten         " 

82,^ 

'  fifteen  " 

76,^0 

9.  Regardless  of  the  above  facts,  concerning  the  efficiency  of 
this  type  of  machine  as  an  air  com])ressor,  a  manufacturer  re- 
cently issued  a  catalogue,  from  which  the  following  paragraph  is 
taken : 

"  The  machine  illustrated  (patent  pending)  is  constructed  to 
stiind  a  pressure  of  from  fifteen  to  twenty  pounds  per  square 
inch.  In  this  machino  we  use  a  spray  of  water  to  pack  the 
macliine  and  prc'V(»nt  backward  oscapeiiient  of  air,  and  at  the. 
same  time  absorb  the  heat  caused  by  compression.  The  water  is 
carried  over  into  the  separating  tank  and  automatically  drained 
off.  This  new  device,  after  careful  and  exhaustive  test,  proves 
to  be  all  that  we  expected  of  it,  and  enables  us  to  maintain  fldly 
as  high  an  efficiency  under  high  pressures  as  we  can  imder  one 
pound  or  less.  For  work  where  a  pressure  of  from  two  to  eighteen 
pounds  is  required,  we  are  ready  to  guarantee  a  very  high  effi- 
ciency. We  contend  that  the  principle  of  the  rotary  motion 
applied  to  air  under  high  pressure  eliminates  a  vast  amoimt  of 
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fricti*"iii,  and  henco  wear  am!  tf'ar;  {inil  when  liigb  efficiencies  can 
l>e  oljtaiiicdj  is  far  more  pn^ferabk  in  every  re8]>eet  tlian  tlic  blow- 
ing engine*" 

10*  This  referGBce  is  quoted  to  support  tbe  position  taken— 
that  a  iiiachine,  when  misapplied,  cannot  be  made  suceessfiilj  and 
such  a  policy  i.^  sure  to  bring  it  into  ba<l  repute. 

We  coiisidor  a  rotary  macLine  of  tbis  type  out  of  place  when 
working  in  elastic  fluids  at  niore  than  five  pounds  difference  of 
pressure.  The  proper  applicatiim  of  rotary  positive  machines 
when  operating  in  air  or  gas  under  differences  of  pressures  from 
eight  ounces  to  five  pounds  is  where  constant  quantities  of  fluid 
are  required  to  be  delivered  against  a  variable  resistance,  or  where 
a  constant  pressure  is  required  and  the  volume  is  variable.  These 
are  the  reqmrements  of  gas  works,  pneuraatic-tube  transmission 
(both  the  vacuum  and  pressure  svs terns) j  foundry  cupolas,  smelting 
fnrnaceSy  k nobbling  fires,  sand  blast,  burning  of  fuel  oil,  conveying 
granular  substance:?,  the  operation  of  many  kinds  of  metallurgical 
furnaces,  etc. 

IL  The  efficiency  of  a  rotary  pump  depends  on  Ihe  si^e^  the 
speed  at  which  it  ia  operated^  the  pressure  tmder  which  it  is  work- 
ing, and  its  eonstrnetion*  The  capacity  varies  as  the  square 
of  the  diameter  of  the  cylinrk^rs,  or  distance  between  gear  centres, 
and  directly  with  the  length  of  tlie  impellers  and  cylinders.  The 
principal  leakage  lines  are  the  contact  lines  between  the  onpellers^ 
and  between  the  impellers  and  cylinders,  as  the  im}>ellers  can  be 
fitted  quite  closely  at  their  ends.  Tt  is  obvious,  therefore,  that  in 
a  large  niacbine  the  per  cent,  of  slip  due  to  the  working  pressure 
and  the  clearances  is  less  than  in  a  small  one*  Per  example :  One 
blower  has  a  capacity  of  12|  cubic  feet  per  revolution,  its  shaft 
centres  are  Ui  inches  apart^  and  its  impellers  48  inches  long;  an- 
other has  dimensions  just  twice  these,  and  ite  capacity  is  100  cubic 
feet  per  revolution,  or  eight  times  as  great*  If  we  assume  the 
machines  to  have  the  same  clearances,  and  running  under  the  same 
speed  and  presenresj  then  the  per  cent,  of  slip  in  the  larger  ma- 
chine would  l>e  only  one-fourth  that  of  the  smaller,  because  the 
leakage  lines  are  twice  as  long  in  the  larger  machine  and  its  capac- 
ity  is  eight  times  the  smaller  one. 

12,  Since  the  leakage  liiu^s  are  exposed  to  the  working  pressuri* 
at  all  portions  of  the  revolution,  the  slip  is  practically  constant  for 
a  given  pressure  whether  the  machine  be  running  fast  or  stunding 
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BtiH.  This  argues  for  as  bigh  a  speed  for  a  blower  as  is  consistent 
with  successful  mecbamcal  operation,  because  the  loss  due  to  air 
friction  m  inconsiderable  if  the  inlet  and  discharge  are  made 
large.  For  water^  however,  questions  of  Yeloeities  are  very  im- 
portant, and  the  speed  shoiild  be  reduced,^  The  height  of  a 
colutnn  of  air  of  etpuil  density  ueeesaary  to  produce  a  pressure  of 
one  pound  per  square  inch  would  be  1,895  feet*  If  T'^y^r///^ 
8,03  VZfi  then  the  theoretical  How  at  the  base  of  the  column 
would  be  8.02  times  the  square  root  of  1^895,  or  349  feet  per 
second^  and  for  small  diflerences  we  assume  that  the  velocity  varies 
as  the  square  root  of  the  pressure*  Therefore^  doubling  the  pres- 
sure doubles  the  load,  and  increases  the  slippage  to  1.41  times 
what  it  was  at  the  original  pressure.  We  have  found  the  above 
assumptions  coneerning  the  slippage  in  rotary  blowers  to  be  prac- 
tically correct,  after  liaving  tested  hundreds  of  them  by  closing 
the  discharge  and  counting  the  number  of  revolutions  of  slippage 
at  different  pressures. 

13.  An  interesting  ejcperience  was  had  with  two  pumps,  each 
to  have  a  capacity  of  25,000  gallons  per  minute  lifted  31  feet, 
coupled  direct  to  a  Corliss  Engine,  running  at  about  67  revolutions 
per  minute.  We  designed  them  with  two  air  chambers  on  the 
discharge  and  two  on  the  suction  side  of  the  pumps,  placing  them 
as  near  as  possible  to  the  impellers,  the  air  chambers  ha\dng  con- 
nections to  the  pumps  7  inches  in  diameter.  When  we  began  to 
operate  the  pumps  we  found  that  they  would  run  smoothly  up  to 
50  revolutions  per  minute,  at  which  speed  a  powerful  water  ham- 
mer occurred.  We  attached  an  indicator  to  the  discharge  side 
of  the  pump,  18  feet  below  the  upper  water  level,  and  found  that 
the  pressure  there  varied  from  5  or  6  pounds  vaeuiun  to  30  or  40 
pounds  pressure.  The  action  on  the  suction  side  was  similar 
except  that  the  vacuum  was  about  12  pounds  and  the  pressure  rose 
slightly  above  atmospheric  pressure. 

14*  It  was  this  experience  which  led  to  the  production  of  the 
diagram  shown  in  Fig,  1 10»  It  also  caused  the  writer  to  iuvestigutt^ 
the  practice  concerning  air  chambers  on  piston  pumps,  and  we  were 
surprised  at  the  abuses  committed  by  the  users  of  that  type  of 


*  The  theorettral  velocUj  of  mt  at  on&  pound  ftlK>ire  atmosphere  Jiud  at  a  t**m* 
p^raCure  of  62  degT^ea  Fahr  is  ahout  540  feel  per  second,  sissnmmg  IlinJ  fnr  Bmall 
differences  of  pressures  (where  thero  i^  relatively  small  ox|iansiqn)  tho  vclndty 
of  flow  follows  the  law  of  falling  bodies.  A  enhio  foot  of  air  at  63  degrees  Fahr, 
at.  &ea  level  weighs  ,07^  pound. 
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pitmpg.  Mr,  F,  Meriam  Wlieelor  has  brought  this  matter  out 
very  clearly  in  one  of  his  papers^*  and  it  woidd  be  well  if  manu- 
faeturers  and  users  of  reciprocating  pumps  would  follow  bis  advice. 

We  corrected  the  deficiency  in  capacity  of  air  chambers  on  the 
above-jnentioned  ptmip^  by  the  addition  of  more  chambers  which 
enabled  us  to  operate  the  pumps  at  a  speed  of  85  to  00  revolutions 
per  minute. 

Since  then  we  have  made  pumps  having  capacities  of  35,000, 
40j000j  and  50,000  gallons  per  minute^  which  arc  operating  under 
beads  of  from  8  to  25  feet,  and  have  had  no  trouble  from  water 
Faamracr. 

The  writer  has  taken  many  indicator  cards  from  engines  operat- 
ing rotary  pumps,  and  finds  the  combined  efficiency  of  the  pump 
and  engine  to  be  from  80  to  84  per  cent. 

Two  large  pumping  plants  are  now  under  way  near  Beaumont, 
TexaSj  for  the  Tread  way  Canal  and  Rice  Co,j  from  which  we  ex- 
pect to  get  some  excellent  rfconls^  one  plant  eonmsting  of  four 
35j000  gallon  pumps^  ojjcrating  under  S5  feet  head,  direct  coupkd 
to  compound  condensing  Corliss  engines;  the  other  plant  consisting 
of  two  70^000  gallon  pumps,  operating  under  10  feet  bead,  direct 
coupled  to  tandem  compound  condensing  Corliss  engines.  These 
plants  are  to  be  operated  with  oil  f  uel^  and  we  hope  to  be  able  to 
make  accurate  duty  tests  of  them  and  place  the  records  of  these 
tests  before  the  engineering  world. 

DISCtlSSION. 

31 /\  IL  3L  Laae.—l  would  like  to  imiuire  of  Jlr,  Wilkin 
what  lias  lx)en  the  ex|icrience  with  these  pum|>s  with  regard  to 
scorinju:  of  the  casing  or  impellers? 

J/r.  Wilkhi.—'Vffd  have  bad  pumps  running  for  tlirce  or  four 
seasons  in  the  nee  fiehls  of  Louisiana  and  Texas  with  such  water  tis 
comers  from  the  drainage  of  those  fleldSj  and  the  scoring  is  im- 
perceptible. Tlie  lobes^  and  casings  are  covered  with  a  coating 
of  brown  oxide,  under  which  the  toobmarks  m'e  still  pnisent 
from  the  machining.  In  some  cases  where  the  water  has  con- 
tained gravel,  there  has  been  some  scoring  of  the  ends  of  the 
inipi*ilers. 

Prnf~  Albert  ICinffjfhurf/. — What  are  the  advantngen  of  the 
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cycloidal  form  over  the  involute  for  the  impeller  ?  The  latter 
has  been  more  often  used. 

Mr.  Wilkin. — The  involute  curve  starts  on  a  spiral  form  and 
goes  off  to  infinity,  so  that  only  a  portion  of  the  curve  can  be 
used  for  the  outline  of  the  impeller;  the  ends  are  usually  cut  off 
and  finished  with  the  arc  of  a  circle.  The  cycloid  is  a  curve 
which  returns  to  the  pitch  line,  hence  the  whole  outline  of  the 
impeller  can  be  made  of  epi-  and  hy|X)-cycloids.  With  the  invo- 
lute, the  cutting  off  makes  a  compression  pocket,  because  the 
corner  of  one  curve  keeps  contact  until  the  next  corner  comes 
into  contact,  and  this  has  the  disadvantages  mentioned  in  the 
paper. 

Mr.  Gas  C.  Jlenninfj. — ^Will  the  line  contact  which  is  obtained 
by  the  use  of  the  cycloidal  curve  hold  the  water  with  as  little 
slip  as  the  cylindrical  contact  which  is  gotten  with  the  arc  of  a 
circle? 

Mr.  Wilhui. — While  the  contact  between  the  impeller  and  cyl- 
inder is  theoretically  on  a  line,  yet  the  radius  of  curvature  of  the 
cycloid  at  that  line  is  nearly  as  long  as  the  radius  of  the  cylinder, 
and  there  is  practically  quite  a  long  tangent  formed  between  the 
cylinder  and  imjwller. 

The  contact  between  the  two  impellers  is  formed  by  convex 
and  concave  curves  Avorhing  together,  and  this  results  in  a  longer 
contact  than  if  two  convex  curves  were  working  together. 

Mr.  Jnmes  Mcliride. — There  is  one  point  of  similarity  be- 
tween the  rotiiry  pump  and  the  centrifugal  pump,  which  is  that 
the  pistons  work  inside  of  a  shell.  I  have  had  no  experience 
whatever  wuth  the  rotary  pump  as  shown  here,  but  I  have  had 
quite  a  little  with  centrifugal  pumps.  One  of  the  defects  in  the 
construction  of  those  pumps  I  find  is  that  no  ample  provision  has 
bocm  made  for  the  end  wear  of  the  shaft — nothing  but  a  collar 
on  the  outside;  sometimes  a  pulley  is  made  to  constitute  one  col- 
lar. In  a  short  time  the  shaft  gets  end  motion  and  Avears  off  the 
side  of  the  shell.  Then  you  have  trouble  with  the  pump.  I 
have  come  across  one  that  I  have  used  for  several  years  where 
the  manufacturer  made  no  provision  for  the  end  wear  of  the 
shaft,  so  that  it  jiggles  back  and  forth  between  the  shells  and 
in  a  little  Avhile  Avears  off  the  sides  of  the  piston  and  there  is  a 
large  amount  of  slip. 

With  reference  to  Mr.  Wheeler's  paper  read  at  the  last  annnal 
meeting,  speaking  about  his  air  vessels,  I  took  some  part  in  the 
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ilisoussion.  I  think  I  showed  very  clearly  that  the  question  of 
an  air  vessel  on  a  pump,  either  on  the  receiving  side  or  the  dis- 
charging side,  was  not  so  much  a  question  of  location  as  a  ques- 
tion of  capacity,  I  think  that  is  borne  out  by  the  experience  of 
this  gentleman  with  rotary  pump's,  who  says  he  has  remedied 
very  bad  ^s^ater  hammer  by  suuply  incit?asing  the  capacity  of  the 
air  vessel.  In  the  pump  that  I  referred  to  in  my  tliseussion  on 
Mr.  Wheeler's  paper,  the  air  vessel  ^vas  put  just  whem  Mr, 
Wheeler  nays  it  should  not  be  put,  hut  the  result  has  he^n  per- 
fectly satisfactory-  I  have  hatl  no  trouble  with  it  at  alU  and 
think  it  is  due,  not  so  much  to  the  location  as  to  the  capacity, 
I  make  tlus  suggestion  to  the  manufacturers  of  pumpSj  rotiiry 
as  well  as  centrifugal:  Make  ample  provision  to  pi^vent  end 
wear  of  pisfcoos. 

Uf\  Jifmes  G,  Wttishij),—\n  reference  to  Mr.  McBride's  state- 
ment, I  want  to  say  that  I  agree  with  Mr.  Wheeler — /.<?,,  that 
it  dotis  make  considerable  difference  as  to  the  location  of  the  suc- 
.tinn  air  chamlicr.  In  Mr.  Mcl^ride^s  ]>iunp  the  location  is  all 
right  for  that  jmrticular  ari'angement,  and  no  doubt  it  serves  the 
purpose.  But  if  Mr.  McEride  had  the  o])portunity  to  place  the 
8U(5tion  air  chamber  in  a  more  favorable  position,  he  would  have 
found  eunsideraijlo  improvement.  In  locating  an  aii^  chamber 
on  the  suction  pip  of  a  pump,  the  idea  is  simply  to  keep  the 
colnnin  of  water  in  as  continuous  a  motion  as  ixjssible.  If  yon 
place  the  air  chamber  in  the  most  favorable  position,  there  will 
be  the  least  resistance  to  the  free  flow  of  the  water,  and  conse- 
quently smoother  working  of  the  pump  will  be  the  result. 

M}\  SfcBriih:.~X  accept  the  gentleman*s  explanation.  It  fre- 
quently occurs  that  it  is  almost  impossible  to  put  the  air  chamber 
where  Mr.  Wheeler  suggests ;  then  do  the  next  best  thing:  put 
it  iis  near  the  pump  as  jjossible,  and  make  up  in  capacity  what  is 
lacking  in  location.  Wo  know  by  experience  that  in  putting 
pumps  and  engines  in  factories  which  have  growTi  from  small 
units  to  large  ones,  that  we  are  obliged  to  put  machinery  in 
places  where  it  is  a  problem  to  get  it  in  at  alb  In  that  case,  if 
you  cannot  put  the  air  vessel  in  the  theoretically  jii^per  place, 
]Hit  it  fiB  near  as  you  can,  and  make  up  by  making  it  of  larger 
cai>iicity- 

Mr,  Wilkin,^— l&v.  McBride,,  I  beliovoj  spoke  of  the  end  wear 
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of  the  impellers,  and  compared  it  somewhat  with  the  centrifugal 
type.  Of  course  in  our  machines  we  have  very  large  end  surface 
on  the  impellers.  The  speed  is  very  low,  say  60  to  100;  60  in 
the  larger  pumps,  100  in  the  smaller.  Grease  cups  can  be  placed 
on  the  ends  and  give  ample  lubrication.  In  regard  to  air  cham- 
bers on  pumps,  the  necessit}^  for  air  chambers  in  pumps  of  the 
positive  ty})e  is  due  to  the  fact  that  a  pump  of  the  piston  type  or 
rotary-positive  type  does  not  take  its  water  uniformly.  It  does 
not  discharge  it  uniformly.  There  is  a  variation  in  the  column. 
Therefore  it  is  a  question  of  inertia  of  those  closed  columns  on 
both  sides.  Kow,  any  method  which  will  cut  those  columns  in 
two  and  put  an  elastic  medium  there  near  the  pump,  will  answer 
that  purpose,  because  you  have  done  away  with  the  inertia  of 
the  long  column,  and  have  a  little  short  column  next  to  the 
pump.  Of  course,  in  practice,  if  you  have  an  air  chamber,  it 
should  be  put  where  the  air  will  be  retained  in  the  chamber,  not 
taken  away  by  the  action  of  the  water,  otherwise  the  good  effect 
of  it  will  be  annulled. 

I  thank  you,  gentlemen,  for  the  interest  you  have  taken  in 
this,  and  ho])e  that  I  may  be  able  to  present  the  results  of  some 
of  our  large  work  in  an  accurate  Avay  in  the  future. 
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THE  METRIC  SYSTEM.\ 

BY  p.  A.  HALSET,  NBW  YORK  CITY. 

(Member  of  the  Society.) 

1.  The  situation  at  Washington  regarding  our  system  of  weights 
and  measures  demands  the  most  serious  consideration.  The  tes- 
timony before  the  House  Committee  on  Coinage,  Weights  and 
Measures  was  overwhelmingly  one-sided,  and,  weighing  such  tes- 
timony in  the  only  way  that  Congressmen  can,  the  committee 
could  bring  in  no  other  report  than  the  one  it  did,  recommending 
the  passage  of  the  Metric  System  bill.  Scientific  and  practical 
men  of  the  front  rank,  as  well  as  engineering,  scientific  and  trade 
societies  everywhere,  are  calling  for  this  measure.  The  Western 
Society  of  Engineers,  by  a  mail  ballot,  voted  for  it  by  over  5  to  1. 
The  Franklin  Institute,  with  Samuel  Vauclain,  James  Christie, 
and  Wilfred  Lewis  on  its  committee,  has  also  indorsed  it.  With 
the  report  of  the  Franklin  Institute  were  transmitted  to  the  House 
committee  21  letters  from  "  various  large  manufacturing  firms, 
particularly  manufacturers  of  machinery  "  (page  104), :[:  which 
had  been  received  in  answer  to  a  circular  letter  of  inquiry,  of 
which  20  favored  the  metric  system.  To  cap  the  eliinax,  the  res- 
olutions of  tlijs  Society  at  its  last  spring  meeting  (sec  Transactions, 
vol.  xxiii,  page  435),  have  been  interpreted  at  Washington  in  the 
manner  indicated  by  the  following  extract  from  a  news  article, 

*  Presented  at  the  New  York  Meeting  (December,  1902)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the 
Transactions. 

t  For  additional  references  on  this  subject  consult  Transactions  as  follows: 
No.  4,  vol.  i.,  page  30:  "Metric  System."     Coleman  Sellers. 
No.  721,  vol.  xviii.,  page  492:  "  Metric  versus  Duodecimal  System."       Geo.  W. 

CoUes. 
No.  258,  vol.  viii.,  page  686:  ''  President's  Address."     Coleman  Sellers. 

t  Unless  otherwise  specified  or  obvious  from  the  context,  page  references  are 
to  the  pamphlet  containing  the  testimony  before  the  House  Committee  on  Coin- 
age, Weights  and  Measures. 
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dated  at  Washington  and  published  in  the  Iron  Age  for  June  26, 
1902 : 

"  The  action  of  the  American  Society  of  Mechanical  Engineers  with  regard  to 
the  metric  system,  which  was  fully  reported  in  the  Iron  Age  of  June 5,  has  greatly 
encouraged  the  members  of  the  House  committee  and  has  decidedly  improved 
the  prospect  for  the  passage  of  the  metric  system  bill.  *  *  *  Although  the  per- 
sonal bias  of  the  members,  of  the  committee  was  well  known,  it  was  assumed  that 
their  action  was  not  without  full  authority,  and  the  resolutions  adopted  by  the 
society  disavowing  the  action  of  these  individuals  and  discharging  the  '  metric 
opposition  committee'  has  been  very  gratifying  to  the  advocates  of  the  pending 
bill." 

2.  The  pro-metric  argument  is,  substantially,  an  a  priori  argu- 
ment. The  metric  advocates  adopt  the  methods  of  the  old 
philosophers  who  laboriously  sought  to  prove  what  ought  to  be. 
My  method  is  that  of  modern  science,  which  interrogates  nature 
in  order  to  learn  what  is.  For  instance,  they  tell  us  how  easily 
and  how  quickly  this  nation  ought  to  make  this  change;  I  shall 
show  how  slowly  and  laboriously  France  and  Germany  have  made 
the  change.  They  will  say  that  we  ought  to  adopt  this  system 
to  please  our  foreign  customers;  I  shall  show  that  our  foreign  cus- 
tomers do  not  care  one  ])icayune  whether  we  adopt  it  or  not,  and 
I  shall  prove  it  by  a  flood  of  evidence. 


Krrorn  of  and  MJfirejyr^'tfeniatinnH  hij  the  Metrio  Advocates. 

3.  In  their  efforts  to  sliow  how  easily  the  metric  system  may  be 
adopted  by  this  coimtry,  the  metric  advocates  endeavor  to  create 
the  impression  that  it  has  already  made  considerable  progress. 
Thus  Mr.  Stratton,  Director  of  the  Xational  Bureau  of  Stand- 
ards, stated  at  the  hearings  of  the  House  committee,  that  the 
Carnegie  Steel  Company  were  about  to  issue  a  metric  edition  of 
their  linnd-book.  T  cpiote  here  because  this  is  too  important  to  be 
treated   in  any  other  way.      In  questioning  Mr.   Linnard  Mr. 

.Stratton  sai<l  C]>age  182):  "And  that  the  Carnegie  people  are 
about  to  issue  a  hand-book  in  which  all  the  formulae  arc  printed 
in  the  metric  system?     Has  that  been  called  to  your  attention?" 

4.  Following  is  an  extract  from  a  letter  by  the  Carnegie  Steel 
Company: 

"In  H'ply  to  your  inquin',  we  beg  to  advisn  that  tux?  liave  not  issued  &  Iiaiid<* 
book  containing  formula^  according  to  the  metric  system,  and  have  no  present 
expectation  of  doing  so.'* 
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Mr,  StrattoB  repeated  this  statement  before  the  Western  So- 
ciety of  Engineers,*  and  with  it  maHe  anothefi  his  words  being  as 
follows;  '^  The  National  Tube  Works  has  one  of  its  largest  mills 
fitted  up  for  the  system.  The  Carnegie  people  are  getting  out 
their  hand-book  in  the  metric  system,^' 

PoUowing  is  a  letter  from  Mr.  P,  C,  Patterson,  Mechanical 
Engineer  of  the  National  Tube  Compauy: 

"  I  find  the  following  conditions  prevailing  in  regard  to  the  use  of  the  metric 
system  in  this  company's  business: 

'^  Lap- welded  pipe  for  fomgn  countnVs  using  the  metric  system  is  made  to 
either  the  American  or  English  standard.  Special  lap- welded  goods  ordered  to 
mefric  measurements  are  made  to  the  nearest  fraction  of  an  inch,  no  attempt 
being  made  to  get  closer  than  within  ^^^  inch  of  the  dimension  called  for. 

"Seamless  tubes  are  made  to  exact  metric  measurements  when  ordered  by 
metric  measurements/^ 

On  page  11  will  be  found  the  following  dialogues 

Mr.  Sfwjfroth. — Do  the  jewellers  use  the  metric  system  in  France? 
3/r,  Traefmier. — In  France?    Oh,  yes, 
Mr.  Shaffroth. — And  wherever  the  metric  system  is  adopted? 
Mr-  Troemn^r^ — Yes,  sir, 

Mr.  ShaffroiJt. — Wherever  the  metric  system  is  adopted  and  is  m  practical 
operation  is  there  any  other  system  at  all  used? 
A/r.  Troetfitter. — ^None  that  I  know  of* 

5.  While  more  will  follow  later,  the  followiTig  extract  from  a 
letter  by  Tiffany  &  C*oni pa ny  will  t^upply  Mi\  Tx'oemner  with  the 
information  which  he  now  laeks : 

**  In  reply  to  your  letter,  whieh  we  referred  to  our  Mr*  Kunz,  we  beg  to  state 
that  the  c«mt  is  the  standard  of  weight  for  gems  aU  over  the  world/' 

The  al>OTe  letter  wslb  written  in  reply  to  the  categoricftl  ques- 
tiim :  Do  French  and  German  jewellers  nse  the  gram  or  the  carat 
in  weigliing  dianionda? 

6.  A  favorite  diversion  of  the  metric  advocates  is  to  represent 
the  famous  report  of  John  Quincy  Adams  as  strongly  pro*metric. 
Thus  Jfr*  Tittman  (page  32)  said:  *'  Mn  John  Qiiiney  Adams,  who 
gave  four  years  to  the  preparation  of  his  report^  speaking  in  the 

lost  glowing  terms  of  the  metric  system^  said  that  if  it  could  only 


■  Si?e  J  our  J], 


-*rn  SociMy  of  Engineers  j  August^  I902j  page  344. 
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be  adopted  it  would  be  an  ideal  one."     Again  in  the  report  of  the 
House  committee  *  appears  the  following: 

"  He  [J.  Q.  A.],  however,  advised  delay  until  the  metric  or  international  system, 
which  was  then  in  its  infancy,  had  been  more  fully  tried,  and  to  which  he  referred 
in  a  most  glowing  tribute  as  possessing  all  the  requisites  of  a  simple,  uniform, 
and  workable  system  of  weights  and  measiu-es." 

Following  are  a  few  extracts  from  Mr.  Adams'  report :  f 

"The  metrology  of  France  is  a  new  and  complicated  machine,  formed  upon 
principles  of  mathematical  precision,  the  adaptation  of  which  to  the  uses  for  which 
it  was  devised  is  yet  problematical  and  abiding,  with  questionable  success,  the 
test  of  experiment."     (Page  178.) 

"  The  decimal  numbers  applied  to  the  French  weights  and  measiures  form  one 
of  its  highest  theoretic  excellences.  It  has,  however,  been  proved  by  the  most 
decisive  experience  in  France  that  they  are  not  adequate  to  the  wants  of  man  in 
society."    (Page  197.) 

"  This  illustration  *  *  *  will  disclose  to  our  view  the  causes  which  limit  the 
exclusive  application  of  decimal  arithmetic  to  niunbers,  and  admit  only  a  par- 
tial and  qujdified  application  of  them  to  weight  and  measure."    (Page  198.) 

"Thus,  then,  it  has  been  proved  by  the  test  of  experience  that  the  principle 
of  decimal  divisions  can  be  applied  only  with  many  quaUfioations  to  any  general 
system  of  metrology;  that  its  natural  application  is  only  to  numbers;  and  that 
time,  space,  gravity,  and  extension  inflexibly  reject  its  sway."     (Page  202.) 

"  Nature  has  no  partialities  for  the  number  ten,  and  the  attempt  to  shackle  her 
freedom  with  them  {sic)  will  forever  prove  abortive."     (Page  204.) 

"  *  *  *  As  this  system  is  yet  new,  imperfect,  susceptible  of  great  improve- 
ment, and  struggling  for  existence  even  in  the  country  which  gave  it  birth  J 
*  *  *  "     (Page  217.) 

*  This  report  may  be  found  in  full  in  the  Journal  of  the  Weakm  Society  of 
Engineers  for  August,  1902.    The  present  quotation  is  from  page  351. 

t  This  famous  paper  is  not  out  of  date  nor  will  it  ever  be.  It  may  be  found 
in  The  Metric  System,  by  Charles  Davies,  to  which  the  page  numbers  refer,  a 
book  which  is  out  of  print  and  scarce.  The  quotations  in  the  text  were  obtained 
from  a  copy  in  tlie  Boston  Public  Library : 

The  book  by  Prof(^ssor  Davies  (he  of  the  mathematical  t«xt  books  of  a  gener- 
ation ago)  is  the  report  of  himsc^lf  and  Robt.  S.  Hale  as  a  committee  of  the  Uni- 
versity Convocation  of  the  State  of  New  York.  It  gives  the  concluaions  of  an 
investigation  made  at  the  request  of  Hon.  J.  A.  Kasson,  CHiairman  of  the  House 
Committee  on  Coinage,  Weights  and  Measures  in  1800.  The  reports  of  J.  Q. 
Adams  and  of  Professor  Davies  represent  the  conclusions  of  the  only  American 
investigations  of  this  subject  worthy  of  the  name  which  have  ever  been  made,  and 
both  of  them  are  vnfavorahic  to  the  adoption  of  the  system.  In  the  cases  of  Messrs. 
Davies  and  Hale,  it  is  to  be  not<'d  also  that  they  began  the  investigation  as  metric 
advocates  and  finished  it  as  metric  opponents.  Could  these  reports  be  circulated 
as  they  deserve  to  be,  the  metric  agitation  would  die  a  natural  death. 

t  No'e  the  words  "stniggling  for  existence"  after  twenty-seven  years  of  "  the 
most  stupendous  and  systematic  effort  ever  made  by  a  nation  to  introduce  uni- 
formity in  their  weights  and  measures."    (Mr.  Adams,  page  174.)    And  yet 
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''Bui  were  the  autJionly  of  Congress  unquestionable  *  *  *  it  is  belie\'ed 
ttiat  the  French  systf*m  htts  DOt  yet  littained  that  perfet^tion  which  would  justify 
so  extraorditmry  an  effort  of  legislative  power  at  tliis  trine,"     (Pagp  2<j8)* 

*•  For  all  the  professions  concerned  in  ship  or  house  building  iuid  for  all  who 
have  occnaion  to  use  nm t hem atieal  instruruenta  it  [the  metre)  is  quite  unsuitable 
♦  *  *  This  inconveiiienee,  gn?at  in  itself^  is  made  irreparable  when  combined 
with  the  exclusive  principle  of  decimal  divisions.  *  *  *  This  decimal 
despotism  was  found  too  arbitrarj^  for  endurance,  *  *  *  The  choice  of  the 
kilogram  or  cubical  decimetre  of  distilled  water  tm  the  single  standard  unit  of 
weight  with  the  application  to  it  of  the  decimal  di  Wsions  was  followed  by  similar 
meonventencea  ♦  ♦  *  But  on  the  other  hand,  decimal  divisions  are  still  more 
inapplicable  to  meamires  of  capacity  for  liqutds  than  to  linear  measures  or 
weights.'*     ( Pagea  199,  200,  201  > ) 

7.  Mr.  AJaiJi>j  liad  ^Tfat  adini ration  fur  tlic  eoneeption  autl  for 
tlie  efforts  of  tlie  French  Uovertimeiit  hi  its  endeavor  to  establiBh  a 
nniversal  system  of  weights  and  measures.  There  are  also  in  the 
report  expressioDB  of  api)robatirrn  for  the  system  which  certainly 
do  iiot  seem  to  be  consistent  with  the  above  citations^  btit  that  the 
report  as  a  whole  can  he  considered  as  an  endorsement  of  the  sys- 
tem in  **  glowing  "  or  any  other  terms  is  simply  not  so. 

What  is  now  the  eliief  argument  against  the  adoption  of  the 
Bystem— the  anchoring  of  existing  nnits  in  manufacturing  in- 
dustry^— is  chiefly  a  gr^iwth  since  Mr.  Adami?i'  time;  but,  never- 
theless, lie  saw  clearly  the  difficulty  of  the  change,  and  much  of 
his  report  is  devoted  to  this  as  distinguished  from  his  strictly 
judicial  analysis  of  the  merits  and  demerits  of  the  system.  To 
illustrate  this  difficulty  he  (page  I'lO)  draws  a  striking  picture  of 
the  then  far  from  complete  adoption  of  onr  system  of  currency 
(already  thirty  years  old),  and  on  page  149  he  refers  to  a  change 
ofthisldndas"a  revolution  by  all  experience  known  to  be  in* 
finitely  more  easy  to  accomplish  than  that  of  weights  and  meas- 
ures,'* 


The  Permsienee  of  Old  UniU  m,  German  TmtUs  Indusirtes. 

8.  The  testimony  before  the  House  committee  is  sprinkled  with 
opinions  that  this  great  change  can  be  made  in  from  three  to  five 
years  (Mr.  Bates,  page  92,  seems  to  think  *^a  year  or  two  "  will 
be  sutficient).*     In  this  matter  we  do  not,  however^  need  to  re- 

the  metric  advocates  represent  Mr,  Adams  as  endorsing  the  system  in  "  the  moot 
glowing  terms, "  and  profess  to  believe  that  we  can  make  this  great  change  in 
from  three  to  five  years. 

*  The  bill  BM  reported  by  tht^  Houae  committee,  with  rccomraendfttion  to  pas- 
eage,  makes  the  system  the  Icg^d  standard  fom'  years  from  January  1  next. 
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gard  opinions  at  all,  but  may  apply  the  scientific  method  at  once 
and  consult  the  facts. 

At  the  presentation  of  this  paper  there  were  offered  for  in- 
spection a  collection  of  French  and  German  books  from  the 
library  of  the  Textile  World*  These  books  present  a  condition 
of  things  which  is  absolutely  startling.  As  instructive  as  any  is 
a  little  German  book  of  105  pages,  "  Kalkulator  f  iir  Artikel  der 
Textilbranche  "  (Calculator  for  Articles  in  the  Textile  Industries), 
by  Friedrich  Frowein,  third  edition,  1901.  The  object  of  this 
book  is  to  give  a  simplified  system  of  calculating  for  textile  fabrics, 
and  it  discloses  a  condition  of  things  in  German-speaking  Europe 
compared  with  which  our  own  is  simple  indeed.  This  condition 
is  due  to  the  fact  that  there  are  still  in  use  nine  -different  ells  in 
addition  to  the  metre  and  the  English  yard.  These  ells  are  divided 
into  inches,  an  inch  ranging  all  the  way  between  ^  and  ^  of  an 
ell,  and  such  extraordinary  ratios  as  these  being  still  in  use : 

Prussian  ell 25J  inches. 

Wiirtemberg  ell 34^  inches. 

Vienna  ell 29 J  inches. 

In  brief  the  book  shows  that  there  is  still  in  use  in  German 
textile  mills  an  absolute  medley  of  ells,  inches,  yards,  metres,  kilo- 
grams, and  pounds,  combined  with  a  vast  number  of  systems  of 
yarn  numbering  based  upon  these  different  units  of  length  and 
weight,  while  towering  above  all  these  systems  of  yam  numbering 
are  found  the  English  yard  and  pound  in  all  branches  except  the 
silk  industry,  in  which  the  metric  system  cuts  a  very  small  figure. 

9.  In  the  Textile  Woi'ld  for  October,  1^02,  is  an  article  into 
which  has  been  lifted  bodily  the  following  specimen  of  Frowein's 
simplified  calculations  of  the  cost  of  a  piece  of  worsted  cloth: 


*  For  invaluable  assistance  in  the  selection  of  these  very  few  of  many  salient 
facts  regarding  the  persistence  of  old  units  in  the  French  and  German  textile 
industries,  I  am  indebted  to  Mr.  S.  S.  Dale,  editor  of  the  Textile  World,  who  has 
also  kindly  revised  the  present  and  the  following  sections. 
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Kalkulation. 

E!n  StQck  einen  Meter  breit  iind  hundert  Meter  lang, 

KeUe  per  cm  24  Faden  4ar_Vl'eft  JDoubleJ. 
Einschuss  pp.r  cm  ^8  ^ch'uss^+OxSJMl^-iYf'fl  {einFach), 
Kielh  (Blatt)  per  cm  12  Rohr  2fS[Hg. 

E  ngUsdre  _\Ve  if e . 
K  e  H  t'    4ftLi\IefL  i  TOO  Meter  37*  Gr. 

24(XJ  Katlpn  ^  24O0O0  MHer  =  ^9(J(XJGr, 

Verschmiilerung 4 %.  96  Fadcn  =  9600 McUt  =   3f>0  ^    =^  9360 Gr, 
Eiukreuzen  GVb  =  19968  Meter  ^  749   , 

Slofi_per  engI._Prd.  Mk.  3.- 

LLn^-_PJ^-  ^^^^-  3.20,  dahcr  obige  10109  Cr,  Mk.    71,09 

Einschuss:  40r_Slnglc  Wdt  d  100  Meter  2^/^  Gr. 
2a  Schuss  p^.T  tm  ^  280000  Meter  =  6300  Gr. 
Emkrc-uzen  27o  —  5600  Meter  =  126    ,    —  642^  Gr. 

Sloff  ^e^engl^  Pfd  Mk,  Z- 
Viiihen  ,       ,         /    ^,   -.20 

l^n^J^l^fd.  Mk.  2.:i0,  daher  obigc  6426 Gr.    „      :il.42 

m.  io:i:i» 
VerJust6%    .,,.......         ..,....,..  f^.m 

Mk.  f(^.31 
Fmgirter  Sate  siehe  erste  Kalkulalioa  50  %  .    .    ,    , ,54 .7^ 

Mk.  164.27 

Spesen  und  Zmsen  10  7e    - 16.4 J 

Herslellungskostcn  . ,    .  Mk.  lISOJu 

Zu  obigem  Stiick  sind  errorderlich : 
KeUe         269560  Meter  =  294933  Yaj^|_j^5<^j:ards  I  ZahL=52^,  Zahlcn 
Einschuss  285600       „    =^^1^21 « u. ?-^L  -^iT^L  "  -•    ==558 


A  Obiocan  Estimate  of  Cost  dp  a  WouftTED  Fabric  at  the  Pubsbnt  Tlke. 
The  EKdLJSE  Standards  are  Marked  with  Dotted  Lineq. 

Miv  Dale  describes  the  oporations  i>erformed  in  this  ilhistration 
thus: 


"The  raw  material  is  purchaaed  by  the  En^jlish  pound.  The  finished  goods  are 
sold  by  the  French  metre.  The  yarn  coanta  are  English ^  while  the  length  and 
ividth  of  the  finished  goods  are  rnetric.  The  length  of  the  yam  is  expressed  in 
meir€Mj  while  the  counts  are  English^  ba^sed  upon  the  yard  and  the  pourid, 
Froni  this  hodgepodge  the  weight  of  the  yam  is  calculated  in  grants^  which  is 
e^Etended  by  another  arithmetical  somersault  at  a  price  given  in  marks  per 
Mnglish  pouTid,  and  to  cap  the  climax  the  total  length  of  the  yarn  in  metres 
is  reduced  to  English  yards  and  then  to  En^fliBh  gkcin$  of  560  yards  each. 

^' There  is  no  theory  here.  This  estimate  is  an  example  of  German  practice  at 
tliia  moment,  and  yet  men  can  be  found  who  say  that  the  metric  system  waa 
adopted  in  Germany  in  two  years  without  inconvenience,  some  asserting  they 
were  present  when  the  trick  was  done;  and  stranger  still,  other  men  can  be  found 
wbo  believe  it.'' 
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Note  that  this  example  is  relatively  a  simple  one,  because  it 
contains  none  of  the  ells  nor  inches,  but  relates  to  yards,  metres, 
pouuds,  and  grams  only.  It  hence  represents  exactly  the  condi- 
tion wliich  the  adoption  of  the  metric  system  would  bring  about  in 
our  own  mills. 

10.  A  second  German  book  is  "  Garn-Xummerirungen,  Haspe- 
hmgen  und  Vergleichende  oder  Umrechnungstabellen "  (Yarn 
Xumbering,  Keeling,  and  Comparative  Reckoning  Tables),  by 
Heinrieh  Kutzer,  lUOl.  This  book  contains  a  great  number  of 
tables  for  comparing  and  reducing  the  numerous  units  of  length 
and  weight,  and  is  of  wider  scope,  geographically,  than  the  first  one 
cited.  It  shows  that  21  ells  are  in  use  in  European  countries  in 
which  the  metric  system  is  nominally  established. 

A  third  German  book  is  ''  Methodik  der  Bindungslehre  und  De- 
composition f iir  Schaf twcberei  "  (A  System  of  Weaves  and  Analy- 
sis for  Harness  Weaving),  by  Franz  Donant,  1901.  This  con- 
tains an  explanation  of  the  various  systems  of  yam  numbering 
used  in  German-speaking  countries.  It  is  chiefly  significant  be- 
cause of  the  order  in  which  these  systems  occur,  as  the  English 
system  heads  every  list  except  the  last,  in  which  there  is  no  Eng- 
lish system.     Following  are  the  lists: 

Cotton — English,  French,  metric  (note  the  French), 

Linen — English,  Austrian  (no  metric). 

Jute — English  only. 

Worsted — English,  metric. 

Woollen — English,  Austrian,  Prussian,  Saxon,  metric. 

Silk — Milan,  Turin,  Lyons,  metric. 

11.  A  fourth  German  book  is  ^' Mechanische  Technologie  der 
Weberei  "•  (Afechanical  Technology'  of  AVeaAdng),  by  G.  Herman 
Oelsnor,  eighth  edition,  1902. 

This  is  an  elaborate  and  beautifully  printed  treatise  of  942 
pages.  In  it  page  after  page  is  devoted  to  conversion  tables 
giving  metric  equivalents  of  Rhenish,  Leipsic,  and  English  inches, 
as  well  as  of  Leipsic  and  Berlin  ells  and  of  English  yards. 

On  page  1 80  may  be  f oimd  the  metric  equivalents  of  the  follow- 
ing ells:  Prussian,  Saxon,  Brabant,  Bavarian,  Wurtemberg,  Baden, 
Vienna,  English,  Danish,  Swedish,  Russian.  On  page  Y4  he  refers 
to  the  Cockerill  system  of  yarn  numbering  used  in  Belgium,  and 
which  is  based  on  the  length  of  2,240  Berlin  ells. 

On  page  75  he  refers  to  six  systems  of  numbering  for  carded 
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woollen  yam  as  follows:  Prussian,  Saxon,  Austriaoj  Englisbj  El- 
Injeiifj  Sedan. 

On  page  121  are  some  striking  illustrations  of  the  annihilation 
of  ^iilgar  fractious  bv  tlip  metrie  sv&tcm.  Tn  a  tablo  giving  the 
number  of  tbreads  per  French  iuch  and  per  centimetre  the  follow- 
ing niisced  numters  occur  in  the  fii-st  line:  11^5/1-,  Sl^V^  -"illifi  ^T^a 
A  footnote  to  this  page  j^tateg  tliat  the  French  inch  is  used  for 
gauging  the  set  of  fabrics  in  Switzerland, 

12,  In  this  connection  I  (di]>  (italics  mine)  the  following  from  the 
Textile  World  for  September,  1002: 

'^  A  writer  in  llic  Lf^ip^iger  MonafM^hrift  fuer  Textil^lttduAtne  expresses  his  con- 
%'iotioEi  that  German  cotton  mafiufacturprs  must  abandon  the  hope  of  driving 
from  that  country  tho  English  system  of  yam  numbering,  Thb  view  has  been 
strengthened,  undoubtecJIy,  by  theat-tiori  of  t hi?  tariff  eomrnit tee  of  the  Reichiitag, 
whieh,  owing  to  liie  st  ron^  opposition  of  Gemsan  mill  owners,  has  lY-jet-ted  the 
proposal  to  compel  the  exehislvt*  nsrr  of  the  metrie  system  for  yarn,  and  has  ar* 
rmigcd  the  yam  scheduli^s  m  the  ni*w  tariff  btil  in  accordanee  with  the  English 
counts,  thus  conlinuing  the  offleial  Gtmm%  mmM^^n  of  the  EngU^^h  ay^km" 

The  English  STSteni  of  jarn  coimts  carries  mtli  it  the  yard  and 
the  pruiml,  aoil  this  recognition  of  them  is  an  official  confession 
that  twenty-eight  years  of  effort  to  introduce  the  metre  and  the 
kilogram  as  a  basii*  of  yarn  counts  has  resulted  in  failure* . 

I  also  give  without  comment,  except  italicsj  the  following  from 
Woehcnheriehie  Handrlnhfaft  der  Ltdpziger  MoimUehri/t  fuer 
TeMiUndmtne,  July  U,  1002; 

"At  the  session  of  tin.'  [German]  Tariff  Cbmmiwsion  on  the  24th  of  June^  the 
question  came  up  regarding  the  employment  of  tlie  metric  system  for  eotton 
yarn.  According  to  one  delegate,  Muench-Ferber,  who  is  also  a  partner  in  a 
woollen  and  cotton  weaving  millj  '  the  use  of  the  metrie  system  for  yarn  would 
led<l  U3  ungodly  disorder  (heilloae  Verwirrung)  in  the  domestic  weaving  in- 
dustry, sinct^  our  machines  are  constructed  jor  itie  use  of  the  Efi^U^h  numberB,*  " 
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13.  Tn  France  the  condition  is,  if  possible,  still  worse.  lUu^trat- 
iDg  tliiK  may  he  cited  **  Traite  T)ieoreti(|ne  et  Pratique  de  Tij^sage  ■' 
(Theort^tical  and  Praetieal  Treat jf<e  on  Weaving),  by  Paul  Lamoi* 
ticFj  1900.  lliis  16  a  standard  French  work  on  textiles  of  573 
pages.  On  page  27  may  be  seen  a  comparative  yarn  table  giv- 
ing cquivalcTits  of  the  following  systems  of  yarn  countingj  which 
arc  thus  compared  because  they  are  still  in  uac: 
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Worsted — ^Metric,  Koubaix,  Keims,  Fourmies,  English,  Ger- 
man. 

On  page  52  is  a  similar  table  for 

Silk — Lyons,  Italian,  metric. 

On  page  60  is  a  table  for 

Cotton — English,  French,  metric  (note  the  French  again). 

On  page  63  is  an  illuminating  sentence.  Opening  a  section  on 
yarn  numbering  for  linen,  hemp,  and  jute  is  this  sentence:  "  On 
emploie  le  titrage  anglais  "  (We  use  the  English  system  of  num- 
bering yarn).  Following  this  comes  the  following  beautiful  ex- 
ample of  how  the  decimal  system  has  swept  all  before  it  in  France: 

"  The  lea  is  300  yards,  or  274.2  metres;  12  leas  make  a  skein  of  3,600  yards; 
100  skeins  a  bundle  of  360,000  yards." 

On  page  88  the  author  gives  a  table  showing  the  weight  of 
weft  or  filling  for  one  metre  of  worsted  cloth  by  the  Fourmies 
(an  old  French)  system,  and  on  page  87  states  that  "  this  table 
is  given  because  the  Fourmies  is  used  to  a  greater  extent  than 
any  other  system  of  yarn  numbering  for  worsted.'^ 

In  the  early  part  of  the  book,  on  page  24,  the  following  may 
be  seen: 

"We  shall  further  on  study  the  counts  of  silk,  cotton,  linen,  etc.  We  regret 
extremely  these  anomalies  which  obstruct  business,  lead  to  serious  errors,  and 
wantonly  complicate  all  calculations." 

14.  Perhaps  the  most  curious  example  of  all  in  the  French  textile 
industries  is  the  count  of  the  weft  threads  in  the  fabric — ^the 
number  of  "  picks  "  of  the  loom.  Here,  if  anywhere,  it  would 
seem  to  be  easy  to  introduce  the  centimetre,  but  nevertheless  the 
French  weaver  counts  his  picks  by  the  inch  (pouce),  and  (save 
the  mark!)  37  French  inches  equal  1  metre.  On  p^e  90  of  the 
book  under  notice  is  the  following: 

"The  filling  is  ordinarily  reckoned  arbitrarily  by  the  quarter  inch,  and  it  is 
necessary,  before  the  calculation  of  a  fabric,  to  convert  the  picks  per  quarter  inch 
into  picks  p>er  centimetre.  There  are  148  quarters  of  an  inch -in  a  metre;  1  centi- 
metre is  equal  to  1.48  quarters  of  an  inch;  5  picks  per  quarter  inch  are  equal  to 
7  A  picks  per  centimetre." 

In  Ulndusine  Textile,  the  leading  French  textile  journal,  for 
August  15,  1902,  is  a  four-page  description  of  a  new  worsted-spin- 
ning frame,  and  an  account  of  a  test  of  it.  At  the  conclusion  of 
the  mechanical  description  the  capacity  of  the  machine  is  given  for 
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different  sizes  of  yarn.  These  sizea  are  given  in  the  Houbais  sjb- 
teiii,  under  winch  the  test  was  raade^  w^hich  figures  are  then  trans- 
latetl  into  the  metric  system. 

15.  It  IS  wholly  impossihle  in  a  few  paragraphs  to  oven  indicate 
the  confusion  and  complexity  which  are  shown  by  these  books  to 
prevail  in  the  weights  and  measures  of  metric  Europe.  The 
complications  introduced  by  them  into  textile  calculations  are 
beyond  belirf . 

In  these  books  are  pages  after  pages  of  conversion  tables  be- 
tween the  various  ells  and  betw-een  the  eUs  and  the  yard  and 
metre,  added  to  which  are  conversion  formidas  making  a  total 
which  is  fairly  maddening.  These  comparative  calculations  and 
reductions  are  an  essential  part  of  all  French  and  German  textile 
literature.  A  French  or  German  work  on  textiles  dealing  with 
metric  weights  and  measures  alone  would  be  worthless  to  90  per 
cent,  of  tbe  French  and  German  textile  industry*  Note  that  all 
hooks  cited  are  modern. 

They  are  l>ut  a  small  portion  of  those  in  the  possession  of  the 
Text  He  Worlds  the  whole  collection  offering,  in  fact,  an  cm- 
barrasgment  of  illustrative  materiaL 

10,  A  ciTiKnse  statcnienf  of  present-dav  French  practice  from  a 
recognized  French  authority  will,  no  doubt,  be  considered  by  some 
to  possess  greater  w^eight  than  the  most  obvious  deductions  from 
books,  and,  very  opportimely,  M.  Paul  Lamoitier,  the  author  of 
the  hook  last  above  cited,  publislies  a  leading  article  on  '*  The  Uni- 
fixation  of  Yarn  Numbering  "  in  L^fndii£tr%e  TextiU  for  October 
15,  1902,  of  which  journal  he  is,  T  believe,  the  associate  edit<^r. 
From  advance  sheets  of  the  Textile  World  for  December  I  make 
the  folio M'ing  extracts  from  a  translation  of  this  article: 


"  It  is  absolutt^ly  unworthy  ot  m  French  who  were  the  first  to  find  and  apply 
the  metric  system  to  rt^tuin  the  nune  and  the  denier  for  measuriDg  silk.  Ah  1  these 
Americans  are  not  coiigidcrati^  of  our  feelings  and  they  are  ri^ht.  We  are  as 
much  in  the  anarchy  of  weights  and  measures  for  the  textile  induBiry  as  at  the 
time  of  the  Revolution,  for  we  have  the  </ew>r  of  Montpelier  and  of  Milan,  for  silk, 
wi th  t he  au ne  as  a  u a i t  of  length*  We  still  lia ve  tht?  di verse  standards  of  Hon baix , 
Fourmies  and  Reims  for  worsted,  the  moque  of  ^^dan,  the  Uvre^  the  qimrt  and  the 
sous  of  Elboeuf,  the  yard  for  linen,  etc.  Ah  J  the  famous  mmCi  do  ynn  know  it^ 
equivalent?  Exaetly  3  feet  7  inches  10  lines  and  10  points,  or  in  other  words, 
IJ8S447  metres,  the  foot  being  equal  to  .^24839  metres  and  divided  into  12  ineheft, 
the  inch  into  12  lines  and  the  line  into  12  points,  [The  foot  and  inch  referred  to 
here  are  obviously  the  French  foot  and  in  eh  J 

**  The  yarn  count  in  the  north  of  France  is  a  length  and  in  the  centre,  a  weight* 
I  will  take  my  oath  that  the  manufacturer  of  Rouen,  if  he  has  not  s+udied  each 
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section  separately,  has  no  idea  what  is  the  standard  of  Reims  or  the  denier 
of  Lyons  or  Milan.  And  on  the  other  hand,  the  manufacturers  of  Reims  and 
Lyons  are  likewise  puzzled  in  making  comparisons  of  the  diverse  numbeiings  of 
the  diverse  materials. 

"  And  this  is  the  reason  why  they  are  right  in  mocking  us  when  they  say  we  do 
not  use  the  metric  system  for  numbering  yam  and  for  weaving  calculations. 
Nothing  is  more  arbitrary  than  to  reckon  the  yarn  by  the  thousand  metres  and 
the  width  of  the  cloth  and  the  picks  of  the  filling  by  the  inch.  It  is  nonsense  and 
a  derision.  Note  also  that,  while  I  speak  here  only  of  France,  I  could  say  as 
much  of  all  Europe." 

Later  in  the  article  the  author  calls  for  a  compulsory  law  to  com- 
pel the  use  of  the  metric  system  in  French  textile  industries,  and 
adds : 

"  The  advantages?  It  would  put  a  stop  to  the  chaos  which  the  Americans  ridi- 
cule. ♦  *  *  In  short,  they  would  not  ridicule  us  any  more.  It  is  not  pleas- 
ant to  Ikj  thus  continually  ridiculed  by  foreigners,  especially  when  they  have  good 
reason  for  doing  so.  *  *  *  In  the  face  of  foreign  sarcasm  it  [the  metric  sys- 
tem of  yarn  numbering]  should  be  established  at  the  earliest  possible  moment/' 

17.  In  the  Xovember  issue  of  U Industrie  Textile,  M.  Lamoitier 
has  another  article  in  which  he  points  out  an  "  annoying  anomaly," 
namely,  the  fact  that  French  loom  widths  are  expressed  in  quarter 
yards.  Keferring  to  the  results  of  a  change  in  these  widths  to 
metric  dimensions  he  adds  (italics  mine)  : 

"IIV  have  now  a  confusion  which  ivill  spread  throughout  the  world  and  increase 
with  the  (jen-eral  adoption  of  the  metric  system.'* 

The  references  to  American  criticism  of  French  practice  in  the 
above  relate  to  articles  in  recent  issues  of  the  Textile  World.  The 
anti-metric  fight  which  ^AFr.  Dale  has  conducted  in  the  columns 
of  that  journal,  as  well  as  his  assistance  in  the  preparation  of  this 
paper,  deserves  all  the  recognition  which  I  can  give. 

At  this  point  it  is  interesting  to  quote  the  testimony  of  Dr. 
Wiley  (page  51):  "There  is  only  one  great  objection  to  the 
metric  system,  and  that  is,  it  is  going  to  weaken  our  mathemati- 
cal abilities,  because  we  will  not  have  this  immense  practice  in 
computation  which  we  have  to  have  now."  The  system  seems. 
not  to  have  had  that  effect  in  France  and  Germany. 

18.  In  the  sini])licity  and  uniformity  of  its  weights  and  measures 
this  country  is  fortunate  beyond  comparison  with  Continental 
Europe. 

The  meaning  of  all  this,  and  the  lesson  to  be  learned  from  it, 
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is  not,  however,  that  the  textile  industries  of  France  and  Ger- 
many are  infinitely  worse  off  than  our  own  as  regards  their  sys- 
tems of  weights  and  measures,  nor  that  their  textile  calculations 
are  infinitely  more  laborious  than  ours  (both  of  which,  however, 
are  facts),  but  that  twenty-eight  years  after  the  compulsory  adop- 
tion of  the  metric  system  in  Germany  the  old  units  still  persist  to 
an  extent  calling  for  such  books,  and  that,  in  France,  a  hundred 
years  of  time,  national  pride,  and  a  despotic  government  com- 
bined have  not  succeeded  in  killing  the  old  units.  The  only 
effect  of  the  adoption  of  the  metric  system  in  both  of  these  coun- 
tries has  been  to  add  a  new  set  of  units  to  the  old  ones.  Shall 
history  repeat  itself  here? 

19.  If  the  reader  wishes  further  confirmation  of  these  facts,  he 
may  find  it  in  the  "  Report  of  the  International  Congress  for  the 
Unification  of  the  Numbering  of  Yarn,"  held  at  the  Paris  Exposi- 
tion of  1900.  From  Mr.  C.  J.  H.  Woodbury's  translation  I  make 
the  following  extracts : 

M.  De  Pacher  "believed  that  the  numbering  of  yarns  could  not  be  introduced 
in  every  country  except  by  the  authority  of  a  law  positively  ordering  its  use  to 
take  plaoe  on  a  certain  date  for  all  textile  industry  and  for  all  commerce  in  every 
kind  of  yarn.  The  change  would  be  made  by  a  law,  or  it  would  not  be  made  at 
all.  He  was  convinced  that  the  spinners  who  commenced  to  wind  and  to  number 
their  products  according  to  the  resolutions  of  the  Congress  before  a  law  should  be 
enacted  to  forbid  the  sale  of  yarns  wound  and  numbered  according  to  the  old  way, 
would  probably  keep  their  yams  and  would  be  obliged  to  sell  at  a  loss." 

Note  the  agreement  of  this  speaker  with  M.  Lamoitier,  that 
after  110  years  of  the  metric  system  in  France  more  compulsory 
law  is  needed. 

Said  the  Corresponding  Secretary  of  the  Congress,  M.  Ferdi- 
nand Roy  (italics  mine) : 

At  present,  one  of  the  arguments  of  the  English  Government  is  this:  the  inter- 
national commerce  is  carried  on  under  the  English  niunbering  and  this  proves 
how  much  this  numbering  has  entered  into  the  customs  so  that  even  in  certain 
countries  where  the  metric  system  is  obligatory,  the  custom  tariffs  are  estahlinhed  for 
yams  according  to  the  English  numbering.  *  *  *  Por  raw  and  finished  silk, 
France  has  maintained  up  to  the  prestmt  time  the  old  standard;  the  grain  or 
denier  (a  copper  coin  weighing  li  grammes)  being  the  unit  of  weight  and  the  ell 
being  the  unit  of  length.  The  legal  standard  indicated  by  the  law  of  June  13, 
1866,  and  expressing  the  weight  in  grammes  of  a  small  skein  of  500  metres  has 
never  been  adopted  by  commerce. 

Said  M.  Edouard  Simon,  Secretary  of  the  Commission  of  Organi- 
zation (italics  mine) : 
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"  We  have  thought  that  there  would  also  be  an  opportunity  to  modify,  in  con- 
formity with  the  conclusions  of  the  former  Congresses,  the  French  law  of  June  13, 
1866,  in  accordance  with  which  the  standard  of  silk  is  represented  by  the  mean 
weight  expressed  in  grammes  of  a  small  skein  of  500  metres,  the  sample  being 
made  upon  20  small  skeins  of  the  same  length. 

"  This  legal  standard  has  remained  a  dead  letter  J^ 

20.  Contrast  this  experience  with  the  expectations  of  the  pro- 
metric  witnesses  before  the  House  Committee  on  Coinage,  Weights 
and  Measures,  that  our  law  will  effect  the  transformation  in  from 
three  to  five  years. 

The  secretary  also  read  from  a  former  opinion  of  M.  De  Pacher, 
as  follows : 

"  It  is  certain  that  yams  divided  and  mimbered  after  the  metric  system  will  be 
unsalable  in  the  greater  part  of  European  markets  as  long  as  it  is  permissible  to 
buy  or  sell  yarns  divided  according  to  the  old  systems  to  which  many  generations 
have  been  accustomed." 

Said  the  English  delegate,  Mr.  Brigstocke : 

"  The  international  unification  of  the  numbering  of  yams  based  on  the  metric 
system,  according  to  the  opinion  of  the  English  Government,  is  not,  imder  the 
present  circumstances,  acceptable  with  us,  and  I  should  add  that  this  opinion  is 
participated  in  almost  unanimously  by  the  English  spinners  themselves." 

Contrast  this  with  the  opinion  of  so  many  (including  Lord 
Kelvin),  that  if  we  will  only  jump  into  this  bottomless  pit  England 
will  be  sure  to  follow. 

The  General  Persistence  of  Old  Units  in  France. 

21.  From  M.  Laurence  V.  Benet,  artillery  engineer  for  Hotch- 
kiss  &  Cie.,  of  Paris,  I  have  the  following: 

"  Outside  of  Paris,  and  the  other  large  cities  in  France,  the  trades-people  *  con- 
sistently violate  the  law  by  using  the  old  measures,  the  only  exception  being  the 
locksmiths,  bellhangcrs,  etc. 

"My  experience  has  been,  that  every  Frenchman,  when  questioned,  will  start 
out  by  saying  that  the  metric  system  is  universally  used,  and  is  giving  perfect 
satisfaction,  but  when  pressed  closely  will  readily  admit  that  among  the  lower 
classes,  the  old  weights  and  measures  still  persist." 

From  M.  L.  H.  de  L'Espee,  a  French  mining  engineer  and  be- 
liever in  the  metric  system  who  is  now  connected  with  the  National 
Association  of  Manufacturers,  I  have  the  following : 

*  I  infer  that  this  word  refers  to  mechanics  and  not  to  merchants. 
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'*  Of  coiirae,  there  is  even^where  to  be  found  a  spirit  of  routine, 
BHtl  perhaps  stronger  in  France  than  an>"\vkere  c*!ae*  People  who 
have  been  used  to  L*ertaiti  ^taadai'ds  Jnring  their  whole  life^  aro 
not  willing  te  change  them  at  once.  There  is  no  doubt  that  old 
measuring  standards  are  still  largely  in  nm  in  niany  parts  of 
France. 

*^  In  the  matter  of  length  measurementSj  the  size  of  a  man  will 
be  expressed  in  pieds  (feet)  of  tenet  than  in  metres,  in  the  familiar 
language.  The  aune  (1.^0  metre)  is  still  nftcm  used  in  measuring 
dry  goods,  in  some  provinces.  The  Heue  (league)  of  4  kilometres  is 
often  spoken  of  in  computing  distances.  As  to  the  mille  mai'iu  or 
nocud  (knot),  the  predominance  of  England  in  all  matters  per- 
taining to  navigation  is  sutiicient  explanation  for  its  retention  in 
naval  voeabularj. 

"  In  the  matter  of  area  meaMirementSj  the  arpent,  equal  to  about 
i  hectare,  is  still  largely  used.  However^  its  value  is  variable  in 
tlie  different  provim^es,  which  goes  to  show  the  usefulness  of  the 
hectare  provided  by  the  metric  system.  In  Lorraine,  the  jour  (one 
man's  day  work)  is  still  the  predominant  unit  in  farm  measure- 
ments. 

*^  For  grain  measurement,  the  bushel  (boisseau)  is  still  used  in 
many  proAanees,  For  liquid  measurements,  there  is  still  an  endless 
variety  of  standards,  the  piece  of  228  litres  and  the  tonneau  of 
4  pieces  in  the  Bordeaux  region ;  the  feuillette  of  105  litres  in  Bur* 
gundy;  the  niesnre  of  44  litres  in  Lorraine.  Wine  crojjs  in  Lor- 
raine will  invariably  be  computed  in  so  many  mesures  par  jour. 
Even  in  Paris  wine  m  often  retaOed  by  the  setier. 

'^  For  lumber  and  firewood  measurements,  the  metric  stere  has 
never  proved  a  favorite.  Firewood  is  almost  exclusively  sold  by 
the  cord,  and  buulier  is  usually  sold  by  the  dozen  of  solives, 
madriers  or  plauehes,  each  of  these  denominations  having  fijtod 
sizes  as  to  leugth,  width  and  thickness." 


22.  Following  are  extracts  from  a  letter  by  an  American  engi- 
neer who  has  lived  in  Paris  for  some  years  and  whose  exjierience  in 
Continental  Europe  dates  from  1889.  He  is  a  graduate  of  the 
Ma&saebusetts  Institute  of  Technology,  and  occupies  a  leading 
position ;  but  his  connections  are  such  that  he  desires  that  his  name 
be  not  mentioned. 

*^  It  is  rather  singular  that  the  decimal  division  and  multiplica- 
tion of  the  metre  or  kilogramme  do  not  appear  to  suit  various  in- 
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dustries  for  widely  different  reasons.  In  order  to  give  you  a  few 
examples  of  this  I  have  extracted  some  paragraphs  from  a  well- 
known  and  very  useful  handbook  in  the  French  language,  entitled 
Formulaire  de  rElectricien,  edited  by  M.  Hospitaller,  who  happens 
to  be  an  authority  on  the  subject  we  are  now  discussing. 

"  The  most  striking  example  and  one  which  appears  to  provoke 
the  wrath  of  M.  Ilospitalier  is  the  Cheval-vapeur  corresponding  to 
the  English  horse-power.  You  will  see  that  he  considers  the 
cheval-vapeur  an  empirical  unit.  M.  Ilospitalier's  contention  is 
that  the  Poncelet  or  100  kilogrammetres  per  second,  the  metric 
and  decimal  unit  of  power  and  not  the  cheval-vapeur  or  75  kilo- 
grammetres per  second,  should  be  adopted.  You  will  see  that 
M,  Ilospitalier  hoped  to  see  this  logically  defined  unit  accepted 
by  the  International  Congress  of  1900.  As  he  states,  routine  got 
the  better  of  logic  in  the  discussion,  and  the  cheval-vapeur  obtained 
the  sanction  of  the  Congress.* 

23.  "  The  other  extracts  concerning  Elasticite  and  Unite  de 
Chaleur  refer  to  the  confusion  resulting  from  the  use  of  several  in- 
dustrial units.  I  have  also  extracted  the  paragraphs  on  Unite  de 
Longueur  and  Unite  de  Masse  since  they  very  clearly  set  forth  the 
difference  between  the  theoretical  metric  units  of  length  and  mass 
and  the  arbitrar\^  standards  on  which  the  metric  system  is  based. 

'^  I  send  you,  by  this  same  mail  a  copy  of  Le  Matin,  a  Paris 
morning  paper  of  good  standing.  If  you  will  refer  to  the  blue 
pencil  marks  you  will  probably  be  surprised  to  find  so  many  in- 
dustrial units  of  measure  which  are  neither  decimal  nor  metric. 

'*  Of  course,  wlien  it  comes  to  making  out  a  bill  or  any  business 
document  where  the  amounts  of  material  are  specified,  it  is  neces- 
sary, according  to  French  law,  to  use  the  units  of  the  metric  system 
in  conveying  this  information.  If  this  is  not  done  you  run  the  risk 
of  a  fine. 

^^  On  page  5  under  tlie  heading  Bulletin  Commercial  du  5 
Janvier,  you  will  find  short  paragraphs  on  the  trade  in  various 
mereliandise.  In  the  paragraph  Spiviiueux  you  wdll  find  the  stock 
is  11,S00  pi]x»s  and  that  the  sales  were  535  pipes.  The  pipe  is,  of 
course,  an  English  measure,  equivalent  to  105  gallons.  When- 
over  it  is  necessary  to  refer  to  its  contents  for  the  purpose  of  billing 
or  measuring,  tlie  litre  measure  is  of  course  employed. 

*  Fancy  changing  the  value  of  the  horse-power  at  this  late  date  !  The  propo- 
sition is  DO  more  absurd  than  the  proposition  to  change  other  established  nnits, 
but  it  slionld  assist  engineers  in  classifying  this  movement  as  a  simile  fad. 
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24.  "In  the  paragraph  Sucres  the  trade  unit  is  the  sae,  and  under 
the  heading  Depeches  Cominerdales^  you  vnW  find  the  sales  of 
cotton  given  in  balles,  and  of  coffee  in  sacs.  It  is  more  than  prob- 
able that  the  sacs  of  sugar  and  of  coffee  do  not  contain  the  same 
number  of  kilogrannnes  of  uuiterial  any  more  than  they  contain 
the  same  number  of  pounds.  They  are  nevertlieless  non-decimal 
units  and,  like  many  otliers  I  could  find,  if  I  had  the  time,  are 
sanctioned  in  French  commercial  affairs.  It  could  not  well  be 
otherwise. 

"  I  received  recently  an  advertisement  of  a  coal  and  wood  mer- 
chant who  classified  his  Avood  as  follows : 

Bois  (1)  traits  =  --^—  =  .m  57 


(2) 

{( 

=  l-ii  =  .m38 

(3) 

(( 

4 

(4) 

(( 

_  l.m  14       ^  ^^ 
=  — = —  =  .m  16 
5 

25.  "  The  industrial  non-decimal  unit  in  this  case  is  the  trait. 
The  stere  is  the  decimal  unit  of  wood  measure  of  the  metric  system, 
equal  to  one  cubic  metres  and  measures  1.14  metres  in  length  of 
wood  by  0.88  metre  by  1.0  metre.  Consequently  one  trait  refers 
to  the  piece  of  wood  which  is  obtained  by  cutting  the  piece  of  1.14 
metres  into  two  ecpial  ])arts.  The  ])iece  known  as  2  traits  is  ob- 
tained by  cutting  the  1.14  metre  j)iece  into  three  ecpial  ])arts,  etc. 
Although  the  sten*  is  the  decimal  unit  of  wood  measure  in  the 
metric  system,  the  manner  of  nuiking  u])  the  cubic  metre  clearly 
indicat(^s  that  the  old-fashioned  method  of  cutting  wood  to  a  length 
of  l.ml4  has  not  been  su])ers(M]e(l  by  cutting  to  1  metre  lengths. 
The  only  thing  to  do  in  this  case  was  to  make  the  wood  pile  O.mSS 
high  to  obtain  the  cubic  metre  or  st(»re.  Tt  seems  to  me  that  this 
is  an  instance  of  adh(^ring  to  an  old  well-established  practice  in 
spite  of  the  supposed  advantages  of  the  decimal  units  of  the  metric 
system.  The  Avood  merchant  has  taken  the  ])recautioii  to  giv(»  the 
lengths  of  his  wood  in  metric  measure  0.m57,  0.m38,  etc.,  j)robably 
to  avoid  the  fine. 

26.  "  If  you  will  refer  to  page  fl  of  the  'Matin,  you  will  find  sev- 
eral advertisements  of  wine  dealers  or  producers.  Four  of  them  re- 
fer to  the  piece  and  only  one  gives  the  contents,  stating  that  his 
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piece  contains  228  litres.  Three  offer  their  wine  in  quantities  of  109, 
215,  218  and  228  litres;  the  first  figure  representing  the  demie- 
piece  and  the  other  three  figures  representing  the  piece,  the  con- 
tents of  wliich  varies  throughout  France,  and  which  is  fixed  in 
certain  territories  only.  That  is,  a  piece  of  Bordeaux  would  con- 
tain (according  to  law)  a  certain  number  of  litres  and  a  piece 
of  Burgogne  contains  another  number  of  litres.  The  content 
is  evidently  measured  in  litres,  but  these  units  of  demie-piece 
and  piece  may  be  considered  as  non-decimal  industrial  units  of 
liquid  measure. 

"  Since  writing  the  above  I  have  visited  one  of  my  friends  in 
the  country,  about  one  hour's  ride  on  the  railway  from  Paris.  I 
find  the  following  units  in  current  use  in  this  market  town. 

"  The  seticr  containing  156  litres  is  used  for  the  sale  of  agri- 
cultural product,  as  grain,  potatoes,  etc. ;  the  minot,  equal  to  ^  mine 
or  39i  litres,  for  the  sale  of  apples;  the  quarteron  for  the  sale  of 
eggs  or  nuts,  equal  to  26  of  each ;  the  feuillette  of  wine,  containing 
135  litres.  For  sale  of  land  the  non-metric  units  of  perche  and 
arpent  are  still  used.  Land  is  also  measured  in  journaux  (plural), 
journal  (singular),  non-decimal  industrial  units  of  land  measure. 
These  words  are  used  in  tlie  printed  notices  of  sales  posted  up  by 
tlie  Notari^^s  Public,  and  are  always  followed  by  the  content  in 
metric  measure.  I  was  shown  some  recent  catalogues  of  brushes 
in  which  everything  was  sold  by  the  ligne,  the  pouce  and  the 
douzaine.  For  that  matter  many  things  are  sold  by  the  dozen  and 
gross  in  France  and  not  by  dizaines  or  lO's. 

27.  "  If  you  will  refer  to  stock  exchange  quotations  in  the  Matin 
you  will  find  a  curious  condition  of  affairs  which  can  be  easily 
explained.  At  bottom  of  page  3  under  the  heading  Change  you 
will  find  all  values  given  in  whole  numbers  and  fractions,  as  i,  J, 
I,  iV  ^^^  ^'  Ditto  for  the  New  York  and  Chicago  quotations  in 
tlie  same  column.  On  page  5  after  the  heading  Cloture  des 
Bourses  Euro])eenes,  you  will  find  a  mix-up  of  these  fractional 
parts  and  decimals.  One  strange  example  is  the  "  Exter  Espag- 
nols  ''  quoted  at  80§  at  Bruxelles.  This  same  value  under  the 
heading  Bourse  de  Paris  (Rentes  Etrangeres)  is  quoted  87.95  and 
88.02,  that  is,  decimally.  Evidently  these  are  matters  of  custom 
but  it  goes  to  show  that  there  is  no  great  difference  in  the  use  of 
fractional  or  decimal  values,  since  both  are  found  indiscriminately 
on  the  same  page. 

"  I  enclose  a  paragraph  which  I  have  torn  out  of  Le  Temps 
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for  Do(*einber  23,  100i3,  rolativo  to  one  of  the  proposod  types  of 
Frcnclj  iTniacrs,  You  will  sec*  tliat  the  iiiaxiiiiuiri  ^iK^eJ  of  the 
cruiser  ii^  expressed  in  knotj*,  ami  tlu>  niaxitiLinii  possible  oriiisiug 
distance,  in  sea-niilcs.'^ 

]?8.  '"  I  ha^'e  giveu  yon  examples  of  a  iinnibcn*  of  tion-deeimal  in- 
diistrial  units  with  names  wliieb  are,  of  course,  not  fnund  in  the 
terminology  of  the  metric  system  of  measuretij  and  weights.  They 
are  evidently  old  measures  and  old  names  and  their  vahh\^  are  ex* 
presjj^ed,  \vhenc%*er  ncccasary  (for  s]H?eiaI  reasom  to  comply  witli  the 
law  on  the  obligatory  use  of  the  metric  system)  in  the  unit^  of  the 
metric  systtau.  (Jtlier:^  are  decimal  antl  nietrie,  hut  retain  the  old 
nameft  for  tlia  iudustrial  nnitj  as  quintal  for  example^  anil  not  om*  of 
the  series  of  prefixes  characterizing  the  metric  units  as  deea,  liecto, 
kilo,  myriB,  etc.  Other  units  mentioned  are  supjmsed  to  be  obso- 
h*te  or  prohi luted  hy  law.  All  thi^  tends  to  show  that  certain  com* 
promises  have  been  made  and  that  old  industrial  non-ileelmul  units 
are  rcfijx^cted  in  France,  although  their  exact  values  are  cxpre*ssed 
in  metric  units  whenever  neeessary.  This  is  the  situation  some 
65  years  t  after  the  adoptitm  and  u^c  of  the  metric  system  was 
voted  obligatory,  and  rather  tends  to  show  the  difficulty  ex]>er- 
ieiiced  in  introducing  a  new  system  of  measures  and  weigths." 


Pe7*ms(mc&  qf  Old  Units  in  Germafi  Mechanical  Indudrwa. 

S  0  *  In  t  h  V  A  m  r  riai  t  i  Mn  ch  1 1 1  is  t  f  r  *  r  M  ay  3 ,  190  0^  i  s  a  n  ut  t  u  del  jy 
Mr,  Henry  Hess,  of  Berlin,  Germany^  on  metric  screw  threads. 
Mr.  Hess  is  a  personal  friend  and  an  accomplished  engineer,  a 
fact  which  is  attested  by  his  position.  He  was  formerly  with 
the  Niles  Tool  Works  of  Hamiltoiij  Ohio,  and  when  that  corpora* 
tion  established  its  great  branch  works  in  Berlin^  under  the  name 
of  the  German  J^Tiles  Works,  he  w^as  selected  to  go  to  Germany, 
in  order  to  carry  American  practice  and  American  methods  there, 
and  form  a  connecting  link  between  the  two  companies.  Please 
remember  that  he  is  actively  engaged  in  machine  construetion; 

*  Following  IS  tlic  para^jraph  in  question;  '*  Le  cuirasse  type  Ftdrie^  on  \o  mh,  a 
%in«^  lonpijeur  de  133  m.  SO,  unfi  lar|zeur  de  24  in.  25  et  iin  tirarU  d't*au  fh  8  tn-  376, 
Avve  tin  deplacpment  de  14,S(>5  tonnes.  Sa  vitense  maxima  est  df  18  nu^uds,  ct  wa 
provision  de  charbon,  qui  peiit-ttre  portee  k  1,825  tonnes^  lut  donm*  unt*  cJintatK'e 
f rtiiiehissable  de  1  ,^80  millea  k  la  vitesse  maadma/'  Note  that  this  ia  ft  go'verti- 
irienti  not  a  merebimt  ship. 

f  Tlie  system  wa^  nrif^inBllj  ad^>ptM  in  17J»8,  In  1813  this  law  wis  repeftleil^ 
hut  w»s  rePnacied  in  1837»  nnd  took  effi?ctt  m  1840,  During  tlie  interval  181^1840 
the  s}^btt^m  remained  the  *'  legal  sjBtain/'  but  its  iu0  was  not  obligatorj. 
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not  in  a  business  capacity,  but  as  a  designer  and  constructor,  and 
lie  knows  the  facts  from  the  inside. 
Mr.  Iless  writes  (italics  mine) : 

"  To  work  with  both  millimetres  and  inches  in  the  same  shop,  and  not  infre- 
quently on  different  portions  of  a  single  piece,  is  too  illogical  an  arrangement  to 
maintain  itself.  A  further  complication  is  brought  about  by  the  fact  that, 
though  like  in  name,  an  inch  is  a  widely  varying  quantity  in  different  sections.  In 
Germany  alone  there  are  at  least  half  a  dozen,  of  which  two,  the  Rhenish  and  the 
English,  are  in  such  very  general  use  as  to  cause  great  confusion." 

I  have  a  personal  letter  from  Mr.  Hess  dated  at  the  German 
Niles  Works,  September  15,  1902,  from  which  I  quote  the  follow- 
ing (italics  mine) : 

"  It  is  quite  true  that  the  great  majority  of  these  [old  provincial  inches]  are 
no  longer  in  use;  still  it  is  to-day  necessary  to  be  very  careful  in  using  rules 
that  are  jmrchasahle  in  every  hardware  storey  to  make  sure  whether  the  inches 
that  are  given  on  the  reversed  side  are  Rhenish  or  English  inches. 

"  Nearly  universally  the  carpenters  and  other  building  mechanics  use  the  Rhenish 
inch,  and  we  have  occasionally  found  that  men  in  our  shops  have  made  use  of 
their  private  Rhenish  foot-rules. 

"As  to  this  matter  in  France  I  cannot  tell  you  very  definitely, but  I  believe 
that  similar  conditions  exist  there,  though  not  to  as  great  an  extent." 

30.  At  my  request  Mr.  Hess  has  sent  me  a  collection  of  these 
German-made  scales,  wliich,  in  addition  to  the  sacred  millimetre, 
give  n\Km  their  various  edges  tlie  English,  the  Khenish,  and  the 
French  inch,  the  latter  measuring  37  to  the  metre,  as  already  ex- 
])lained.  These  scales  were  ])laced  on  exhibition  at  the  presentation 
of  this  paper.  In  an  accom])anving  letter,  aft(»r  saying  that  the 
])urehase  was  made  "  in  one  of  the  larger  retail  hardware  shops  in 
Berlin,  located  in  the  manufacturing  district,"  Mr.  lless  goes  on  to 
say : 

*'  In  talking:  with  the  proprietor,  1  learned  that  practically  all  of  the  small  trades- 
mm  *  wUh  whom  he  luis  to  deal  still  stick  to  (he  use  of  the  iiwhy  and  when  they  want 
to  s<'ll  tln'in  anything  according  to  metres,  they  are  informed  that  they  are  used 
to  th(^  inch  and  foot  and  do  not  wish  to  be  bothered  with  the  metre." 

To  understand  the  full  force  of  this  it  must  be  remembered  that 
to  sell  goods  by  other  than  metric  measures  in  Germany  is  a  fin- 
able offence,  and  Mr.  Iless's  informant  has,  in  fact,  paid  such  fines 
for  acceding  to  his  customers'  demands. 


*  Mr.  Hess  informs  me  that  by  this  word  he  means  mechanics,  not  merchants. 
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We  have  also  the  testimony  of  Mr.  J.  II.  Linnard,  a  naval 
architect  of  the  Navy  Department,  whose  testimony  before  the 
House  committee  is  referred  to  at  length  farther  on.  I  have  a 
letter  from  Mr.  Linnard  dated  at  Washington,  Se])tember  5,  1902, 
in  which,  after  saying,  "  I  recently  made  a  short  trip  to  Ger- 
many," he  goes  on  to  say: 

"The  visit  I  made  to  Germany  was  in  connection  with  visits  to  ship-building 
yards,  and  I  did  not  come  in  contact  with  other  merchants  or  manufacturers.  I 
made  inquiry,  however,  in  the  ship-building  yards  whether  the  use  of  the  metric 
system  was  universal  in  Germany.  I  found  that  in  all  government  work  it  was 
universal,  but  that  two  yards,  one  of  considerable  importance  at  Flensburg,  and 
one  at  Hamburg,  still  use  the  English  system  of  measurement  for  their  ship 
work." 

31.  At  the  hearings  of  the  House  committee  Prof.  Elihu 
Thompson,  in  the  course  of  his  pro-metric  testimony,  read  in  ab- 
stract a  letter  from  Mr.  A.  II.  Moore  (page  4),  saying: 

"  Speaking  from  practical  experience  of  the  use  of  the  metric  standard  in  Ger- 
many, he  says  that  the  Whitworth  thread  is  in  almost  universal  use  in  Germany 
and  central  Europe.  *  *  *  ♦  Others  [other  machines]  were  designed  in 
Berlin  and  figured  in  millimetres,  but  in  these  the  drill  and  tap  holes  were  figured 
in  inches.  The  peculiar  reasoji  for  this  was  that,  no  good  twist  drills  having  milli- 
metre dimensions  were  to  be  had,  while  American  twist  drills  were  very  cheap." 

The  general  use  of  English  pitch  threads  in  Germany  is,  of 
course,  well  known,  but  it  will  do  no  harm  to  take  the  fact  from 
a  metric  advocate's  mouth.  The  discriminating  engineer  will  re- 
call that  English  sized  twist  drills  make  English  sized  holes,  and 
he  will  take  the  use  of  English  sized  screws  and  twist  drills  as  addi- 
tional evidence  that  the  millimetre  has  not  yet  driven  the  inch 
from  German  machine  shops,  and  that  Germany  is  still  in  the 
transition  period. 

32.  The  letter  from  M.  lionet,  of  Paris,  from  which  extracts 
were  given  in  the  previous  section  contains  the  folh)wing: 

"In  my  own  experience,  I  recently  had  to  order  a  quantity  of  hardened  steel 
balls  from  the  Waflfenfabrik(»n  at  lierlin  in  niotric  Gonnany.  The  sizes  of  these 
balls  were  given  in  i.  i,  i,  and  ,\;  inch,  etc..  an<l  the  balls  (I(*livered  to  nie  accur- 
ately gauged  to  English,  and  not  to  niotric  dimensions.  To  cap  the  climax,  the 
quotations  up  to  -f^  inch  were  so  much  ikt  gros.^j  after  that  so  much  per  hundred/' 

Finally,  recall  Mr.  Patterson's  letter,  which  has  already  been 
given  in  correction  of  Mr.  Stratton's  mistake.     While  this  letter 
27 
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uses  the  word  pipe  only,  it  is  a  fact  that  the  National  Tube  Com- 
j)any  have  a  large  trade  in  France  and  Germany  in  both  boiler 
tubes  and  pipe,  which,  as  Mr.  Patterson's  letter  shows,  are  made 
to  English  dunensions.  This  can  only  be  interpreted  as  meaning 
that  a  good  deal  of  boiler  and  pipe  work  is  done  in  those  countries 
on  the  inch  basis. 

Do  not  forget  that  this  condition  of  things  obtains  twenty-eight 
years  after  the  system  was  made  compulsory  in  Germany. 

33.  Our  manufacturing  interests  and  methods  are  immensely 
more  developed  than  those  of  Germany  twenty-eight  years  ago,  with 
a  corresponding  increase  of  difficulty  in  changing,  and  yet,  with 
the  change  incomplete,  in  Germany  after  twenty-eight  years, 
these  people  go  to  Washington  and  give  it  as  their  opinion  that 
with  us,  and  without  compulsion,  three  to  five  years  will  do  it  all. 
We  are  told  that  we  have  three  kinds  of  gallons  and  two  kinds  of 
pounds,  and  must  therefore  add  the  litre  and  the  kilogram  to  the 
list,  but  how  does  our  situation  compare  with  10  ells  and  half  a 
dozen  inches? 

In  the  face  of  such  facts  as  these  what  shall  be  said  of  such  tes- 
timony as  that  of  Mr.  G.  L.  Cabot  (page  135),  that  "  in  the  case 
of  Germany  and  Austria  only  between  two  and  three  years  were 
required  to  make  the  complete  change,  and  with  highly  satisfac- 
tory results"?  What  shall  be  said  of  the  testimony  of  numer- 
ous United  States  consuls  quoted  at  such  length  by  Mr.  Stratton 
(pages  163,  164)?  A  consul  sees  that  the  dry  goods  merchants 
have  changed  the  tacks  upon  their  counters  with  which  they 
measure  cloth  and  ribbon,  that  the  grocers  have  metric  weights 
alongside  their  balances,  and  that  invoices  and  bills  of  lading  are 
made  out  in  metres  and  kilogrammes,  and  he  concludes  that  the 
metric  system  is  in  universal  use.  He  can  know  nothing  of  the 
production  side  of  the  matter,  and  a  native  of  France  or  Germany 
in  many  walks  of  life  need  know  no  more.  It  is,  however,  on  such 
evidence  as  this  that  this  case  largely  rests. 

^Moreover,  what  shall  be  said  of  such  negative  testimony  as  that 
of  Mr.  Iloniiiiig  (page  600,  vol.  xviii.,  of  the  Transactions):  "I 
have  been  abroad  some,  but  I  have  never  heard  of  the  English 
inch  being  used  as  a  standard  in  any  of  the  countries  I  have 
visited,  except,  of  course,  England."  As  one  who  is  accustomed 
to  weigh  scientific  data,  Mr.  Ilenning  will  be  the  first  to  see  that, 
in  view  of  the  fact  that  others  find  inches  in  use  everywhere,  his 
own  failure  to  find  them  counts  for  nothing. 
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The  Persistenee  of  Old  Units  in  Spain* 

34,  From  Mr.  Jolin  IL  Bail,  of  Bareolonaj  Spain,  mamifacturGr 
of  maelihie  took,  I  have  thi?  following: 

*'  Your  paper  on  the  uietrie  system  is  at  hand  aod  I  cordiallj 
agree  with  your  conchisjiions,  .  .  .  For  tlie  two  countries 
[England  and  the  United  States]  who  do  more  trade  between  them 
than  all  the  rest  of  the  world  piit  together,  to  tako  on  the  mixture 
of  the  ao-called  metric  conn  tries  would  be  an  abriurdity, 

"  Spain  is  included  among  the  countries  whose  legal  weights 
and  measures  follow^  the  inetric  system.  As  prior  to  the  passing  of 
the  law,  each  province,  and  indeed,  nearly  every  to^Ti  of  any  im- 
portance had  its  own  local  scale,  the  unification  of  these  numerous 
and  bewildering  scales  by  the  introduction  of  the  metric  Bystem  to 
disphico  the  ohlest  measures,  was  a  step  in  the  right  direction.  But 
between  pussing  a  law  and  compelling  its  carrying  nut,  there  is  a 
wide  gulf  fixed.  Thne  while  the  metric  system  is  universally 
understood,  and  nominally  reigiis,  not  more  than  hnlf  the  every«lay 
business  transactions  are  carried  tnit  on  a  metric  hasis.  Land  con- 
tinues to  sell  by  tha  ^  palmo '  or  span.  Lineal  and  superficial 
measures  include  the  *  palmo,'  the  *  vara,*  or  yard,  which  like 
most  of  the  old  measures  differs  with  every  province,  the  '  cana/ 
about  1^  metres^  the  '  destre '  of  from  2,S29  metres  to  4.214 
metres.  Oils  ancl  wines  sell  by  the  *  cnarto,'  ^  arroba,'  *cantara  ' 
and  several  other  measures  j  cereals  by  *  fanegas '  and  '  fer- 
rados  '  j  coal  and  coke  by  the  ^  arroba/  ^  quintal '  or  '  tonelada/ 
and  the  last  mentioned  is  the  only  one  of  the  lot  that  is  approxi- 
mately an  exact  metric  measure,  wliile  there  are  aliout  20  different 
'  libras/  or  pounds,  in  use,  ranging  from  0.-350  kilogram  to  0.5T9 
kilogram,  each  of  which  is  common  to  it^  town  or  province. 

Ji5.  **The  rule  generally  usecj  in  the  sliops  is  a  many -jointed  fold- 
ing *  metro '  of  wood,  which  carries  metric  and  Englihsh  measures, 
but  there  are  large  numbers  ^old  also  of  French  make,  and  which 
e^irry  the  French  inches  in  addition  to  the  English  and  metric.  In 
regard  to  the  change  from  English  to  metric  measures  pro|»osed  in 
the  Uaited  States  and  iicing  agitated  in  England,  it  surely  would 
1m*  a  great  pity  to  throw  deliberately  away  the  uniformity  at  pres- 
ent reigning  in  those  countries.  However  great  may  bo  the  theo- 
retical advantage  of  the  metric  system,  the  matter  resolves  itself 
entirely  into  one  of  use  or  practice.  After  four  and  a  half  years 
in  a  professedly  metric  country^  the  English  system  is  still  to  me 
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the  easier,  owing  to  the  greater  number  of  years  of  practice  I  have 
had  with  it.  After  some  forty  or  more  years  of  metric  system  in 
tliis  country  the  mixture  is,  after  all  these  years,  an  abominable 
mixture  still,  and  bids  fair  to  continue  so  for  very  many  years 
more. 

"  As  evidencing  the  nuisance  now  caused,  I  may  quote  the  fol- 
lowing: 1  rec(*ntly  bought  a  French  lathe,  constructed  in  Paris, 
and  nominally  of  tlie  latest  model.  The  lead  screw  is  4  per  inch, 
tlie  gearing  cut  to  Brown  &  Sharp  formula,  all  outside  bolts  are 
English  pitcli,  but  the  countersimk  screws  in  the  saddle  are 
{}-  diameter  by  1^  mm.  jntch,  which  cannot  be  cut  by  any  combina- 
tion of  gears  supplied  with  the  lathe,  so  that,  one  being  lost,  I  have 
either  to  make  a  127-tooth  wheel,  or  get  a  special  screw  from  the 
makers  of  the  lathe." 

The  Persistence  of  Old  Units  in  Spanish- America, 

36.  The  most  recent  star  example  of  quick  change  in  weights  and 
measures  to  which  the  metric  advocates  point  is  Mexico.  Mr. 
Troenmer  testified  (p.  11):  "  Only  recently,  within  the  past  two 
weeks,  I  talked  with  the  Commissioner  of  Mines  of  Mexico,  who 
visited  mo,  and  he  told  me  the  metric  system  was  working  mag- 
nificently in  ^lexico  and  that  they  had  made  the  jump  at  once 
from  one  standard  to  the  other." 

Following  is  an  extract  from  a  letter  from  the  Superintendent 
of  Machinery  of  the  Mexican  Central  Railway — Mr.  Ben  Johnson. 
The  letter  is  dated  at  Mexico  City,  October  7,  1902: 

"  We  use  nothing  whatever  but  American  measurements  in  the  wprk  of  the 
mechanical  dt^partment.  Our  drawings  of  locomotives  and  cars  and  our  shop  tools 
are  all  in  American  measurements,  and  as  far  as  my  information  goes,  this  is  the 
case  with  neariy  all  railroads  in  Mexico." 

The  Mexican  Commissioner  of  Mines  has,  it  is  clear,  no  knowl- 
edge of  the  practice  of  M(»xican  railroads.  What  reason  is  there 
for  supposing  that  he  has  any  knowledge  of  other  interests  outside 
his  immediate  personal  experience? 

;57.  In  the  journal  of  the*  Franklin  Institute  for  Xovember,  1902, 
I  find  a  letter  from  Mr.  R.  V.  Canby,  who  has  lived  in  Mexico 
for  four  and  a  half  years,  where  he  is  in  charge  of  the  works  of  the 
Montezuma  Lead  Co.,  of  Santa  Barbara,  Chihuahua.  From  this 
letter  1  mak(i  the  following  extract: 
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"  Aboni  a  year  ago  T  was  aeiit  by  the  company  to  t!ie  State  of  Chihuahua  to 
superintead  some  new  metallurgical  operations,  and  it  h  surprisiniE:  to  me  at  this 
time  to  see  the  Bahfl  of  standardss.  The  aurvoy  of  the  land  upon  which  the  works 
are  built,  as  well  as  all  levels,  art*  in  the  metrif  syst<nn.  The  plans  for  alJ  build- 
iogs  aod  mtichinefy  are  in  the  American  system*  A  building  m»  many  feet  long 
*od  so  many  feet  wide  h  on  stieh  and  sueh  a  metre  le\eL  AJJ  lumber  ordered 
from  Texaa  or  from  the  mills  in  the  Sierra  Madn?  is  ordered  ao  many  inches  by  so 
many  feet  in  customary  United  States  sizes.  Local  di^alers  bo\\  you  ^o  many 
metres  of  such  or  such  inch  pipe,  and  the  bill  so  reads.  All  vahes  and  fittifi^^ 
come  in  inches.  Of  merchant  iron  you  buy  so  many  kilos  of  the  dirneri!^ion.^  given 
in  inehes,  and  I  have  a  list-card  from  one  of  the  McTican  mamifactnrerH  of  bar  and 
sheet^iron  gi\ing  the  dimensinns  in  ^,  i,  ^  and  i^g  of  an  inch,  that  would  Buit  the 
moat  conservative  of  your  correspondents.  Obligiug  salesmen  In  the  stores  can 
always  give  jou  the  prici*  in  '  metros'  or '  varas,'  Your  cord  wood  has  to  be  con- 
verted from  *  cargas'  and  your  hay  or  straw  from '  arrol>as/  " 

38.  My  friend  and  fornipr  associate  in  the  business  of  the  Rand 
Drill  Company^Mr.  V.  JL  Braftchi  now  and  for  twehx^  years  in 
the  mining  machinery  and  supply  business  in  the  city  of  Mexico — 
tells  me  the  same  story  as  that  given  in  Mr.  Canby's  letter*  He 
sellsj  for  example,  so  many  metres  of  ^-ineh  wire  rupe.  The  di- 
mension which  the  merchant  measiirci?  off^  and  bj  which  he  sets  Ins 
price  is  metric,  but  other  dimensions  may  be  in  any  unit  which  may 
lie  convenient*  What  a  tremendous  savini?  of  time  in  eabulations 
thk  miji?t  lead  to! 

The  metric  system  of  weights  and  measures  became  eompukory 
in  Mexico^  January  1,  1884. 

Zih  The  conditio Ds  in  Brazil  are  thua  explained  by  iL  do 
UEspeCj  who  has  already  been  quoted  regarding  (conditions  in 
Franee : 

"  In  South  America^  the  progress  with  thc^  getif^ral  puhlic  has  been  fshiwer,  as 
could  have  been  expected.  In  Brazil,  a  eoimtr>'  J  know  well,*  ovilside  of  the  largt* 
cities  metric  units  are  in  but  little  use^  and  the  variety  of  istandard«  is  practieaJly 
ualimited.  Most  books  give  each  units  as  vara^  etc.^  which  I  never  saw  em- 
ployed.    Those  I  saw  in  use  are  the  following: 

** Length:  The  poUegada  (inch);  the  palma  (the  old  Fn-nch  palttui  of  22 
oeutimetera) ;  the  p^  (fcK>t) :  the  briiea  (braisse) ;  tlie  le^aa  (league)  of  (3,6(10  metres* 

*'Area:  Tbe  alcjuierr,  eoDtaining  S  ^lamig,  and  varj^ing  widely  in  ■^Ue  from 
one  piaoe  to  another;  it  b  equal  to  2.2  heoiim  h  in  Miims  GeraeB. 

"  Volumes:  The  alqtiier*"  of  33  litres  is?  used  for  graiii^  an  well  as  ihr  carro.or 
load  of  a  bulleart..  Ffjr  liquids,  the  pipa  of  pome  600  litres,  and  the  t;urgu*nro  or 
mule  load,  consisting  of  2  sjnall  Imrreb  of  4(1  litres  eaeh, 

"  Weights:  The  arroba  of  15  kilos  m  generally  UBed,  lo  such  an  extent  that  the 
Rio  Janeiro  E^ehangif?  has  to  mark  coffee  (|uotaiion3  in  arrobaa^  whereas  tho 


*  M*  de  L'E&p^  lived  four  yeans  m  Brazil. 


422  THE  METRIC   SYSTEM. 

Santos  market  gives  quotations  per  10  kilos.     Gold  is  uniformly  sold  by  the 
oitava  (J  oz.) 

Following  are  extracts  from  a  letter  by  Mr.  D.  S.  Iglehart,  of 
the  export  house  of  W.  K  Grace  &  Co.  He  lived  for  a  time  in 
Peru,  and  has  fortified  his  recollection  of  the  facts  by  consulting 
the  Peruvian  Consul  General: 

"I  have  to-day  seen  the  Peruvian  Consul-General,  who  advises  me  that  the 
metric  system  of  weights  and  measures  was  established  as  the  legal  standard  in 
Peru,  November  29,  1862. 

"  As  regards  the  system  used  in  length  measurements  among  merchants,  the 
standard  almost  universally  employed  is  the  vara  (.836  metres).  This  is  especially 
true  of  the  retail  trade.  Among  wholesale  merchants  the  metre  is  at  times  em- 
ployed, as  is  also  our  yard.  Feet  and  inches  are  used  in  connection  with  the 
vara. 

"  What  I  have  said  regarding  Peru  is  more  or  less  true  of  Chile,  although  I  think 
that  there  the  metric  system  is  a  little  more  extensively  employed." 

40.  At  the  Indianapolis  (1892)  meeting  of  the  IsTational  Associa- 
tion of  Manufacturers  I  had  a  long  conversation  with  Mr.  Kudolf 
Dolge,  who,  as  a  representative  of  that  association,  has  travelled 
extensively  in  Europe,  China,  and  Venezuela,  in  which  last 
country  he  has  lived  for  four  years.  He  has  acted  in  almost  every 
conceivable  commercial  capacity  for  almost  every  conceivable  kind 
of  business,  having  had  charge  of  the  warehouse  of  the  associa- 
tion at  Caracas,  Venezuela,  and  his  opportunities  for  observation 
have  thus  been  unique.  His  story  is  the  same  as  that  of  Mr.  Igle- 
hart— in  Venezuela  the  metre  is  practically  unknown,  the  old  vara 
being  the  commercial  unit  of  length. "'^  He  reports  the  same  con- 
dition in  China,  where  he  lived  for  two  years.  For  the  claim  that 
the  metre  is,  in  any  real  sense,  established  as  an  international 
unit  he  has  nothing  but  contempt. 

As  I  read  the  testimony  of  Mr.  Iglehart  and  Mr.  Dolge,  the  dry- 
goods  merchants  of  Peru  and  Venezuela  have  not  yet  changed 
the  tacks  upon  their  counters  wherewith  they  measure  ribbon. 

For  additional  facts  regarding  the  persistence  of  old  units  in 
Spanish-America,  see  the  next  section.  Every  Spanish-American 
country,  I  believe,  appears  in  the  table  of  that  section. 

*  A  letter  directed  to  Mr.  Dolge  at  Caracas  has  elicited  no  reply — a  fact  which  I 
attribute  to  the  disturbed  political  condition  of  the  country.  My  recollection  of 
his  Indianapolis  conversation  is,  however,  entirely  clear. 
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The  Persistence  of  Old  Units  in  Metric  Countries  Generally. 

41.  In  Special  Consular  Reports,  vol.  xvi.,  issued  by  the  Bureau 
of  Foreign  Commerce  of  the  State  Department,  Washington,  I  find 
a  table  of  "  Equivalents  of  Domestic  and  Foreign  Weights  and 
Measures  as  Established  by  Law  or  Custom.''  Following  is  an  ab- 
stract of  as  much  of  this  table  as  relates  to  non-^netric  units  used 
in  metric  countries,* 


42.    NON-METRIC    UNITS    USED   IN    METRIC    COUNTRIES. 

COMFILBD  BY  THE  DEPARTMENT  OP  STATE,   WASHINGTON. 


Denominations. 


Wlierc  used. 


Amsterdam .... 

....do 

Antwerp 

Rotterdam 

Austria 

Prussia 

Amsterdam .... 

Hamburg 

Hanover 

I^ipsic 

Lubeck 

Canary  Islands. 

Lisbon 

Oporto 

Sicilv 


Aam(wine) 

Aam  (oil) 

Aam 

Do 

Achtel: 

Ahm  (liquor) 

Do 

Do 

Do 

Ahm  (liquor) 

Almude 

Do 

Do 

Do 

Aln \  Sweden . 

Alqueire  (dr}') '  Brazil 

Alqueire l  Lisbon 

Alqueire  (dr}')   j ...  do 

Alqueire ,  Oporto 

Do j  Portugal 

Alqueire  (dr\') ' ....  do 

Am  or  ahm \  Sweden 

Amola j  (lenoa 

Anker Amsterdam . 

Do !  Hamburg . . . 

Do Riga 

Do Rostock 

Do ■  Rotterdam . . 

Do Sweden 

Do Alexandria . . 

Do Cairo 


American  equivalents. 


41  gallons. 
37.73  gallons. 
57.5635  gallons. 
40.559  gallons. 

0.2181  bushel. 
0.2083  bushel. 
40.00  gallons. 
38.1473  gallons. 
41.4395  gallons. 
40.0769  gallons. 
39.5739  gallons. 
0.1481  busheL 
4.3697  gallons. 
6.731  gallons. 
4.896  gallons. 
0.6494  yard. 
1.1042  bushels. 
2.1848  gallons. 
0.3837  bushel. 
3.3128  gallons. 
2.1848  gallons. 
4.75  bushels. 
41.4432  bushels. 
0.2175  bushel. 
10.25  gallons. 
9.536S  gallons. 
10.333  gallons. 
9.562  gallons. 
10. 1392  gallons. 
13.3608  gallons. 
7.6907  bushels. 
5. 1649  bushels. 


*  Examination  of  this  table  will  show  that  strict  accuracy  in  the  selections  is 
not  easy.  Owing  to  this  difficulty,  I  have  endeavored  to  resolve  all  doubts  in 
favor  of  the  metric  .system  and  folloAnng  this  policy  hav<'  omitted  all  Russian  and 
Danish  units.  In  spite  of  this  ])()licv  it  is  po.^sible  that  tlie  table  may  contain  a 
few  units  which  should  have  been  excluded;  but  for  every  such  unit  there  are  not 
less  than  three  which  belong  in  the  table,  but  wliicli  becau.se  of  the  above  named 
policy  have  been  excluded.     The  reader  will  note  the  numerous  Geiraan  units. 


424 


THE  METRIC   SYSTEM. 


NON-METWC  UNITS  USED  IN  METRIC  COUNTRIES- Owirtwiwrf. 


Denominations. 


Arratel 

Do 

Arroba 

Do 

Do 

Do 

Do........ 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Arsin 

Aune 

Do 

Do 

Do 

Bambou 

Barile 

Barile  (oil) 

Barile  (wine) . . .. 
Barile 

Do 

Do 

Barril  (honey) . . 

Barril 

Barril  (raisins) . 
Barique  (wine). 

Do'.'.'.'.'.'..'.'. 
Batman 

Do 

Boccale 

Do 

Do 

Do 

Bota 

Do 

Botta 

Do 

Do 

Box: 

Kaisins 

Do 

Braccio 

Do 

Do 

Caban : 

Cocoa 

Rice 

Canada 

Do 

Canna 

Do 

Do 


Where  ofled. 


Brazil 

Portugal 

Argentina 

Bou  via 

Brazil 

Buenos  Ay  res . . , 
Canary  Islands . 

Cuba 

....do 

Mexico 

Chile 

Portugal 

Spain 

do 

Hungary 

Basel 

Belgium 

France 

Geneva 

Madagascar 

Argentina 

Genoa 

..do 

Malta 

Mexico 

NajJes 

Havana 

Lisbon 

Malaga 

Bordeaux 

Nantes 

llochelle 


Constantinople . 

Bologna , 

Leghorn 

Milan 

Venice 

Portugal 

Spain 

Messina 

Naples 

Rome 


Malaga 

Deiaa  and  Valencia . 

Basel 

Leghorn 

Milan 


Manila 83.50  pounds. 

....  do : 133  pounds. 

Bahia 1 .8727  gallons. 

Rio  Janeiro 0.3641  gallon. 

Genoa 2.4518  yards. 

Ix^ghom |2.553  yards. 

Messina i2.3111  yards. 


American  equiyalents. 


1.019  pounds. 
1.012  pounds. 
25.32  pounds. 
25.3537  pounds. 
32.38  pounds. 
25.36  pounds. 
4.245  gallons. 
25.4375  pounds. 
4.1  gallons. 
25.365  pounds. 
25.365  pounds. 
32.38  pounds. 
25.36  j>ounds. 
4.2630  gallons. 
0.6392  yard. 
1.2833  yards. 
0.7611  yard. 
1.25  yards. 
1.25  yards. 
0.0576  bushel. 
20.0768  gallons. 
17,0835  gallons. 
19.61  gallons. 
1 1  gallons. 
20  gallons. 
11.5732  gallons. 
6  gallons. 
78.655  gallons. 
50.6  pounds. 
60  gallons. 
63.405  gallons. 
46.04  gallons. 


19.132  pounds. 
0.346  gaUon. 
0.301  gallon. 
0.208  gallon. 
0.267  gallon. 
113.631  gallons. 
127.89  gallons. 
108  gallons. 
128.879  gallons. 
246.6  gallons. 

44  pounds. 
56  pounds. 
0.5951  yard. 
0.6383  yard. 
1.0936  yards. 
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NON-METRIC  UNITS  USED  IN  METRIC  COVSTn\EB- ContlnueU. 


DenomixuUions. 


.do. 


Gantara  (maximum)  . . . 

Cantara  (mean) 

Cantaro 

Do 

Do 

Cantaro  (groeso) 

Cantaro  (sottile) 

Carga  (raisins) 

Carga  (raisins) 

Carga  (wine) 

Carga  (oil) 

Carrata: 

Marble 

Solid 

Carreau  (stone) 

Carro  (dry) 

Do 

Catty. 

Do!;;;;;;!;;;;;;:;:: 

Cavezzo 

Do 

Centner 

Do 'Norway 

Do iXumberg 


Where  uwjd. 


American  equivalents. 


Spain 4.8714  gallons. 

do !3,3753  gallons. 

Cairo 195.0312  pounds. 

Constantinople 140.3008  pounds. 

Cuba 4.1  gallons. 

Genoa !  1 15.31  pounds. 

do 104.83  pounds. 

Malaga 177.5  pounds. 

Valencia '338.44  pounds. 

Barcelona 131.8493  gallons. 

32.6524  gallons. 


Carrara  . 
...do.. 
France  . 
Naples. . 
.  .  do . . 
China  .  . 


2,240  pounds. 
7.1268  cubic  feet. 
3.632  cubic  feet. 
56.3258  bushels. 
257.757  gallons. 
1.3333  pounds. 


Japan 'l  .3085  pounds. 

Java '  1 .350  pounds. 

Florence '3.8257  yards. 

Venice 2.2818  yards. 

Bremen ]  127.5  pound.s. 

1 10. 1 1  pounds. 

112.43  pounds. 


Do |Prussia 1 113.44  pounds. 

Do jSweden 1 12.512  pounds. 

Do Vienna 1 23.4077  pounds. 

Chenng 'Canton 4. 1007  vards. 

Do 'Pekin 3.6458  yards. 

CliikorChih jChina 0.3917yard. 

Corba Bologna 20.7018  gallons. 

Dry ! do 2.2317  bushels. 

Coupe IGeneva 2.2030  bushels. 

Covid I ' 

Do ,China 0.3907  yard. 

Do Java 0.75  yard. 

Cubic  foot  (marble) ( 'arrara 185  pounds. 

Cubic  foot  (onyx) Mexico 215  pc uincLs. 

Cubic  palmo (marble) ^^^h' 0.555  cuhif  foot. 

Derah Cairo 0.70S  yard. 

Dirhem ^ 

Do '(onstantinoplc 19.5  grains. 

Drachma jCairo 4S.()  grains. 

Do jHungary  48.02  grains. 

Do 'Vienna  * ()7.09  grains. 

Dragma |  Amsterdam 59.32  grains. 

Dreiling 1  Vienna 448.5741  gallons 

Duim 'Holland 1.094  yards. 

Elmer 'Vustria 14.9520  gallons. 

Eimer(beer) 'Bavaria 18.0751  gallons. 

Eimer(wine) Bavaria 10.9114  gallons. 

Eimer I^-rlin 1S.M04  gallons. 

Do Hamburg    7.0295  gallons. 

Do Leip.sie 20.03S4  gallons. 

Do Xurnberg 1S.2233  gallons. 

Do Pragui' 10.9515  gallons. 
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NON-METRIC   UNITS   USED  IN  METRIC   COJJNTTiTES-OotUinwd. 


Denominations. 


Eimer 

Eimer  (lauter-mass) . 
Eimer  (trtlber-mass) 

Ell 

Elle 

Do 

Do 

Do 

Do 

Do 

Do 

Elle  (silk) 

Elle  (wool) 

EUe 

Do 

Do 

Do 

Embar 

Emmer 

Estado 

Fanega 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Fanga 

Do 

Do 

Do 

Fass 

Do 

Fass  (oil) 

Fass  (dry) 

Fass  (wine)  

Fass  (beer) 

Fass 

Fass  (dry) 

Fass  (wine) 

P'ass  (beer) 

Fjerding 

Do 

Fjerding  (dry) 

Fot 

P>asco 

Fuder 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Fuss 

Do 


Where  used. 


Rostock 

Zurich 

..do 

Holland 

Austria 

Basel 

Bavaria 

Berlin 

Bremen 

Dresden 

Frankfort-on-the-Main 
Hamburg 

..do 

Munich 

Prague 

Rostock 

Zurich 

Sweden 

Antwerp 

Spain 

Buenos  Ayres 

Chile 

Havana 

Maderia 

Mexico 

Montevideo 

Spain 

alparaiso 

Azores  Islands 

Lisbon 

Oporto 

Rio  Janeiro 

Berlin 

Bohemia 

Hamburg 

. .  do 

Leipzig 

. .  do 

Prague 

Rostock 

Vienna 

..do 

Finland 

Sweden 

..do 

Sweden 

Brazil 

Berlin 

Copenhagen 

Frankfort-on-thc-Main 

Hamburg 

Leipzig 

Rostock 

Sweden 

Vienna 

(Vntwerp 

Berlin 


American  equivalents. 


7.6506  gallons. 
28.9275  gallons. 
30.866  gallons. 
1.094  yards. 
0.8522  yard. 
1.2337  yards. 
0.911  yard. 
0.7293  yard. 
0.6438  yard. 
0.6196  yard. 
0.5986  yard. 
0.6266  yard. 
0.7562  yard. 
0.911  yard. 
0.6496  yard.  « 
0.6325  yard. 
0.6563  yard. 
20.7327  gallons. 
8.8059  gallons. 
1.8547  yards. 
3.75  bushels. 
2.838  bushels. 
3.1102  bushels. 
1.601  bushels. 
1.5473  gallons. 
3.868  gallons. 
1.5753  bushels. 
2.5753  busheb. 
1.36  bushels. 
1.5347  bushels. 
1.9374  busheb. 
1.5347  bushels. 
60.497  gallons. 
64.56  gallons. 
38.2556  gallons. 
1.4941  bushels. 
100.1737  gaUons. 
95.4052  gallons. 
67.806  gallons. 
0.2758  bushel. 
153.2629  gallons. 
31.7727  gallons. 
8.2931  gallons. 
8.29  gallons. 
0.5196  busheL 
0.9714  foot. 
0.5625  gallon. 
217.7883  gaUons. 
237.3375  gallons. 
227.3462  gallons. 
229.7791  gaUons. 
240.4612  gallons. 
229.5178  gaUons. 
258.8028  gaUons. 
478.479  bushels. 
0.3123  yard. 
0.3432  yard. 
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NON-METRIC  UNITS  USED  IN  METRIC  COUNTRIES— Owi/fww^rrf. 


Denominations. 


Fuss 

Do 

Do 

Do 

Do 

Do 

Hok(dry) 

Ikje 

Ink 

Kan 

Do 

Kande 

lOume 

Do 

Do 

Do 

Kanne  (butter) . 

Kanne 

Kasten 

Knital 

Klafter 

Klafter  (solid) . . 

Wafter 

Klafter  (solid) . . 
Klafter 

Do 

Do 

Ivlaf ter  (solid) . . 
Klafter 

Do 

Klafter  (solid) . . 

Kong-pu 

Kopf 

Korb 

Kumme 

Kwan 

Lagel  (steel) 

Landfass 

Last 

Last 

Last  (dry) 

Last 

Do 

Lastre 

I^egger  (arrack) . 

Do 

I^eung 

Libbra 

Libbra(old) 

Libra 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Where  used. 


Bremen  . . 
Frankfort . 
Hamburg . 
Hungary  . 
Munich . . . 
Vienna 


China  . 

Japan 

Japan 

('hma 

Holland 

Norway 

Batavia 

Hamburg 

Leipzig 

Rostock 

Saxony 

Vienna 

Wurtemberg  . . , 
Constantinople  , 

Basel 

Basle 

lierlin 

...do 

Bremen 

Hamburg 

Uiipzig 

... .do 

Vienna 

Wurtemberg  .  . 

do 

China  , 
Zurich 
Zurich 
Berlin . 
( -hina . 

Prussia 

Bonie 

Vmstordani . 
Bremen 

do 

Hamburg.  .. 
Prussia . 
Vrgcntina. 
Viustcrdam. 
Batavia . 
China  . 
Bologna, 
rtalv, 

:hile 

Cuba 

Mexico 

Peru 

ISpain 

ICnited  States  of  Colombia. 

CruKuay 

I  Venezuela 


American  equivalents. 


0.3163  yard. 
0.3113  yard. 
0.3133  yard. 
0.3457  yard. 
0.3192  yard. 
0.3457  yard. 
1.0887  bushels. 
2.3165  yards. 
2.0785  yards. 
1.3333  pounds. 
0.2642  gallon. 
0.5104  gallon. 
0.3939  gallon. 
0.4782  gallon. 
0.3181  gaUon. 
0.4349  gallon. 
24.7344  pounds. 
0.1873  gallon. 
4.0047  bushels. 
124.564  pounds. 
1.2893  yards. 
128  cubic  feet. 
2.0595  yards. 
117.907  cubic  feet. 
189.77  yards. 
1.8799  yards. 
1.8547  yards. 
100.49  cubic  feet. 
2.0742  yards. 
1.88  yards. 
119.583  cubic  feet. 
0.3347  yard. 
0.9643  gallon. 
10.538  bushels. 
26.841  cubic  feet. 
40  pounds. 
103.1150  pounds. 
264.971  gallons. 
85.2457  pounds. 
329.718  pounds. 
84.078  l)u.shels. 
89.8163  bushels. 
112.292  bushels. 
58.404  bushels. 
153.752  gallons. 
160  gallons. 
0.0833  pound. 
0.7984  pound. 
0.8146  pound. 
1.0141  pounds. 
1.0161  pounds. 
1.01465  pounds. 
1.0143  pounds. 
1.0143  pounds. 
1.0143  pounds. 
1.0143pound.s. 
1.0143  pounds. 
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NON-METRIC  UNITS  USED  IN  METRIC  COUNTRIES— Cbnrt>iu«f. 


Denominations. 


Libra : 

Lispund 

Lispund  (motal)  . . . 
Lispund  (viktualie) 

Litra 

Livre 

Do 

Do 

Do 

Livre  (silk) 

Maas 

Do 

Maat(salt) 

MaUal... 

MalU»r 

Do 

Do 


Do. 


Where  need. 


Porto  Rico . 
Norway .... 

Sweden 

do 

Greece  .... 

Antwerp 

Bordeaux .  . 
Brussels .... 
Geneva. ... 

Lyons 

Austria 

Bavaria 

Amsterdam . 
Barcelona . . . 

Baden 

Prussia 

Zurich 

Austria 

Bavaria .... 


Medida jBrazil . 

Metical 'Constantinoplv* 

Metze Austria 

Do JHungary 

Mezzaruola Genoa 

Mina Genoa 

Do Greece 

Do Milan 

MogRio Venice 

Moio I  Lisbon 

MonkdztT 'Persia 

Monme I  Japan 

Mudde ;Holland 

Muid French  Guiana 

Do Brussels 

Do Paris ...:..... 

Mutt St.  Gall 

Do IZurich 

Ocquich k.'airo 

Ohm : Baden 

Do Basel 

Do 'Berlin.  .., 

Do !  Bremen 

Do Frankfort 

Do Lul)eck 

( )ka ( \iiro 

Do ( Vmstantinople 

Do K^.vpt 

Do GnM^ce 

Do Hungary 

Orcio  (oil) Florence 

Ottingkar Finland 

Outava  (precious  stones) Brazil .  . , 

Oxhoft I  I^rlin 

Do Dresden 


Do 

Do 

Oxhoft  (brandy^ . 


Hamburg . 
Hanover.  . 
Leipsic .  . . . 


American  eqniTalents. 


1.0161  pounds. 
17.6158  pounds. 
14.9965  pounds. 
18.7457  pounds. 
0.2642  gallon. 
1.037  pounds. 
1.1024  pounds. 
1.0311  pounds. 
1.2142  pounds. 
1.01 18  pounds. 
0.373  gallon. 
0.2824  gaUon. 
1.745  bushels. 
3.9812  gallons. 
4.2567  gallons. 
18.7164  bushels. 
9.4416  bushels. 
0.373  gallon. 
0.2824  gallon. 
0.7331  gaUon. 
74.25  grains. 
1.7454  bushels. 
1.774  bushels. 
39.2172  gallons. 
3.4257  bushels. 
2.2046  pounds. 
2.6418  gallons. 
9.081  bushels. 
23.0202  bushels. 
0.7836  yard. 
3.750  grammes. 
2.8378  bushels. 
70.8552  gallons. 
8.032  bushels. 
53. 1579  bushels. 
2.344  bushels. 
2.3304  bushels. 
0.1504  ounce. 
39.6267  gallons. 
13.4459  gallons. 
49.8197  gallons. 
38.2965  gallons. 
37.891  gallons. 
38.4394  gallons. 
2.7771  pounds. 
2.8342  pounds. 
2.7235  pounds. 
3.3714  pounds. 
3.0817  pounds. 
8.8315  gallons. 
4. 1476  gallons. 
0.1307  ounce. 
54.4391  gaUons. 
53.43  gallons. 
57.221  gallons. 
62.1593  gallons. 
60. 1153  gallons. 
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NON-METRIC   UNITS   USED   IN   METRIC   COUNTRIES- C%m«nM«?. 


Denominations. 


<Jxhoft  (wine) 

Oxhoft 

(Jxhufwud 

Palme 

Palmo 

Palmo  (marble) 

Palftio 

Pecul 

Do 

Do 

Do 

Pfund 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Pfund(zoU) 

Pfund 

Do 

Do 

Do 

Do 

Do 

Do 

Pf  undschwer 

Do 

Do 

Pi6 

Do 

Do 

Do 

Do 

Do 

Ping 

I*ipa 

Do 

Do 

Do 

Do 

Pipe  (brandy) 

Do 

Pond  (Brabant) 

Pond  (Troy) 

Pot 

Pot  (beer) 

Pot  (wine) 

Pott 

Do... 

Do 

Quardcel  (oil) 

Quarto  (oil) 

Queue 

Quilate  (precious  stones) 
Quintal 


Where  used. 


..do 

Rostock 

Sweden 

Belgium 

Brazil 

Carrara 

Leghorn 

Chma 

Japan 

Malacca 

Manila 

Austria 

Baden 

Basel 

Bavaria   ...... 

Berlin 

Bremen 

Brunswick 

Frankfurt 

Grermany 

Hamburg ...... 

Hanover 

Leipsic 

Prussia 

Rostock 

Vienna 

Zurich 

Bremen 

('airo 

Constantinople  , 

Argentina 

(•uba 

Cura9ao  

Mexico 

Spain 

Venice .  ......  . . 

China 

(^anary  Islands . 

Lisbon 

Madeira 

Rio  Janeiro .... 

Sweden 

Bordeaux 

Cognac 

Amsterdam .... 

...do 

Antwerp 

Brussels 

...do 

Basel 

Denmark 

Norway 

Amsterdam.  ... 

Genoa 

Burgundy   .... 

Brazil 

Argentina 


American  equivalents. 


53.4358  gallons. 
57.3822  gallons. 
62.1980  gallons. 
3.937  inches. 
8.5592  inches. 
9.592  inches. 
11.4884  mches. 
133.3333  pounds. 
130  pounds. 
135  pounds. 
140  pounds. 
1.2347  pounds. 

1.1024  pounds. 
1.0792  pounds. 
1.2347  pounds. 
1.0312  pounds. 
1.0991  pounds. 
1.0296  pounds. 
1.1141  pounds. 

1.1025  pounds. 
1.0679  pounds. 
1.0794  pounds. 
1.0306  pounds. 
1.0312  pounds. 
1.1205  pounds. 
1.2347  pounds. 
1.1651  pounds. 
329.57  pounds. 
0.7404  yard. 
0.7317  yard. 
0.3159  yard. 
0.3091  yard. 
0.3090  yard. 
0.3091  yard. 
0.3091  yard. 
0.3803  vard. 
17.4186  bushels. 
120  gallons. 
135  gallons. 

1 1 0  gallons. 
132.089  gallons. 
124.3961  gallons. 
99.5951  gallons. 
152.7821  gallons. 
1.0371  pounds. 
1.0847  pounds. 
0.363  gallon. 
0.3435  gallon. 
0.3578  gallon. 
0.1051  gallon. 
0.2552  gallon. 
0.2552  gallon. 
98.1421  gallons. 
4.2709  gallons. 
106.2841  gallons. 
3.075  grains. 
101.27  pounds. 
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NON-METRIC  UNITS  USED  IN  METRIC  COUNTRIES- Con«nw<d. 


Deuominations. 


Quintal 

Do 

Do 

Do 

Do 

Do 

Haza  (salt) 

Razicre 

Kebeb 

K  joo 

Rotl 

Kottel 

Rubbio 

Do 

Ruthe 

Do 

Do 

Do 

Do 

Do 

Sac  (wheat  and  flour). 
Sacco 

Do 

Do 

Do 

Sack 

Salma 

Salnia  (oil) 

Salma  (wine) 

Sahna (dry) 

Salma  (grosso) 

Sals 

Saum 

Do 


Where  used. 


Do 

Do 

Do 

SchefTel 

Do 

Do 

Do 

SchefTel  (barley) . 
SchefTel 

Do 

Do 

Do 

Sch('p<*l 

SchifHast 

SchifTpfund 

Do 

Do 

Schippond , 

Do 

Schoppen 

Do 

Sohragcn 

Schuh 


Brazil 130.0604  pounds. 

Chile 101.6097  pounds. 

Mexico 101.6097  pounds. 

Peru 101.6097  pounds. 

Spain 101.6097  pounds. 

Valencia 109.7285  pounds. 

Oporto 1.2509  bushels. 

Antwerp 2.2597  bushels. 

Alexandria 4.4582  bushels. 

Japan 0.1659  pound. 

Cairo 0.9804  pound. 

Turkey 1.247  pounds. 

Leghorn 7.7767  bushels. 

Rome 8.3553  bushels. 

Bavaria 3.1919  yards. 

Bremen  .• 5.0604  yards. 

Leipsic 4.946  yards. 

Pnisia 4.119  yards. 

Zurich 3.296  yards. 

Geneva 2.204  bushels. 

Paris 5.9987  bushels. 

Leghorn 2.0746  bushels. 

Milan 4.151  bushels. 

Nice 3.4054  bushels. 

Turin 3.2635  bushels. 

Basel 3.8781  bushels. 

Naples 40.2726  gallons. 

do 42. 1667  gallons. 

Sicily 22  gallons. 

do 7.8  bushels. 

do 10  bushels. 

Japan 0.3314yard. 

Austria 275  pounds. 

Basel 40.3377  gallons. 

St.  Gall 44.371  gallons. 

Switzerland 441.8293  pounds. 

Vienna 339.5357  pounds. 

Bavaria 6.31  bushels. 

Bremen 2.102  bushels. 

Dresden 2.9485  bushels. 

Hamburg 2.9884  bushels. 

do. 4.4823 bushels. 

Leipsic J2.9485  bushels. 

Prussia 1.5597  bushels. 

Weimar '2.1841  bushels. 

Wurttemborg '5.0292  bushels. 

Holland 0.2838  bushel. 

Berlin 14,124.72  pounds. 

.  ...  do 1340.41 14  pounds. 

Bremen 318.7274  pounds. 

Hamburg 299.0082  pounds. 

I  Amsterdam 326.742  pounds. 

Vntwerp ,310.974  pounds. 


American  eqaivalents. 


Basel. 
Frankfort . 
Leipsic . 


0.0991  gallon. 
0.1 184  gallon. 
301.47  cubic  feet. 


Basel 0.331  yard. 


THE  METRIC   SYSTEM. 


431 


NON-METRIC  UNITS  USED  IN  METRIC  COUNTRIES- C<m«fjw«d. 


Denominations. 


Sti 

•rfextingkar 

Shik: 

Tsong 

Shi 

Sjoo 

Skalpiind 

Skeppund : 

Metal 

Viktualie  . . . 
Stab 

Do 

Do 

Do 

Stajo 

Stajo  or  staro . . . . 

Stang  

Steekan 

Stein 

Stein(flax) 

Do 

Do 

Stein 

Sten 

Stop 

Stnch 

StOckfass 

Statz .. 

Talanton 

Tarn 

Tass  (figs) 

Tercio  (tobacco) . 

Toinolo 

Tonelada 

Tonne  (beer) . 

Do 

Do 

Do 

Do 

Tun  (oil) 

Tunna 

Dry 

T'per 

Uma 

Vaam 

Vara 

Do 

Do 


Where  used. 


China  . . 
Finland . 


China  . . 
..do. 
Japan . . 
Sweden . 


Do Mexico . 


do 299.931  pounds. 

do 374.9136  pounds. 

Frankfort 1.3124  yards. 

Hungary 1.7285  yards. 

Leipsic 1.2365  yards. 

St.  Gall 1.3124  yards. 

Leghorn 0.6916  bushel. 

Naples 2.6163  gallons. 

Sweden 5.181  yards. 

Amsterdam 5. 1251  gallons. 

Berlin 22.686  pounds. 

Bremen 21.9812  pounds. 

Hamburg 21.3577  pounds. 

Rostock 24.65  pounds. 

Vienna 24.65  pounds. 

Sweden 29.993  pounds. 

Sweden 0.3454  gallon. 

Prague 2.6562  bushels. 

Frankfort 303. 1283  gallons. 

Xeufchatel 4.0246  gallons. 

Greece 330.607  pounds. 

China 133.3333  pounds. 

Portugal 33  pounds. 

(\iba 160  pounds. 

Naples 1.5646  bushels. 

-Vrgentina 29.202  bushels. 

Berlin 30.2484  gallons. 

Bremen 43.8361  gallons. 

Germany 2,204.6212  pounds. 

Hamburg '45.7771  gallons. 

Rostock. |30.6102  gallons. 

Malaga j2.233  pounds. 

Sweden 33. 1 596  gallons. 

...  .do J4.1571  gallons. 

IVlgium 10.9075  gallon. 

Huntrarv 1 14.3053  gallons. 

Holland |2.0594  yards. 

Argentina ,0.9478  yard. 

Idiile 0.9164  yard. 

Cuba 0.9271  vard. 


American  equivalents. 


3.4716  bushels. 
2.0733  gallons. 

160  pounds. 
2. 1773  bushels. 
0.4591  gallon. 
0.9361  pound. 


Do 

Do 

Do 

Do 

Velt 

Velt  (brandy) 
Velt 


0.9139  yard. 


Peru 0.9164  vard. 

Portugal 1 1.203  yards. 

Spain 0.9141  yard. 

Venezuela i0.9141  yard. 

Antwerp 2  gallons. 

France 2  gallons. 

Paris |l.96S3  gallons. 

Viertel jArasterdam 1.9524  gallons. 
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NONMETRTC  UNITS  USED  IN  METRIC  COUNTRIES— Ow^lnir^l. 


Denominations. 

Where  used. 

American  eqnivalents. 

Viertel 

Do 

Basel 1.5028  gallons. 

Bremen 1.9148  gallons. 

Do 

Hamburg 1.9074  gallons. 

Rostock 1.9137  gallons. 

Do 

Viertel  (beer) 

....do 

7.6548  gaUons.' 
3.7361  irallons. 

Viertel     .                

Vienna 

Wispcl  (rve) 

Hamburg 29.8811  bushels. 

Yin ". 

China ;2.6667  pounds. 

Holland -2.8378  bushels. 

Zak   

43.  Kegarding  the  use  of  these  units  and  of  this  table,  I  quote  as 
follows  from  three  letters  from  Mr.  Emory,  Chief  of  the  Bureau 
of  Foreign  Commerce,  whose  opportunity  for  obtaining  informa- 
tion on  this  subject  is  unique. 

It  [the  table]  is  in  daily  use  in  this  Bureau  in  the  reduction  of  foreign  weights 
and  measures  to  United  States  equivalents. 

While  the  metric  system  is  legal  in  the  countries  you  mention  [my  reference 
was  to  metric  countries  in  general],  the  old  units  are  also  very  widely  used.  In 
the  statements  of  imports  and  exports,  the  metric  system  is  commonly  employed; 
in  business  transactions  in  the  interior,  the  other  units. 

In  South  American  countries  csjx?cially,  although  the  metric  system  has  been 
introduced  and  is  in  use  for  customs  transactions,  the  non-metric  units,  native  to 
tho  countries,  tirt>  often  employed  in  domestic  transactions.  These  units  fre- 
quently appear  in  the  n'ports  of  (^onsular  Officers,  and  I  will  mention  a  few. 

The  Spanish  or  Castilian  quintal  of  101.61  pounds  is  used  in  Chile  (Commer- 
cial Relations,  1900,  vol.  i.,  p.  789);  the  measure  "zeroons"  (meaning  un- 
known) occurs  in  the  same  volume,  p  823;  the  arroba,  the  cuadra,  and  the  lino 
are  used  in  Paraguay  (Commercial  Relations,  1899,  vol.  i.,  page  687),  meaning 
10,000  square  yards,  25  pounds,  and  100  yards,  respectively.  The  quintal  in 
Guatemala,  in  the  export  of  cofTe<\  is  "about  100  pounds'*  (Commercial  Relar 
tions,  1898,  volume  i.,  p.  650);  the  fuica  is  used  in  Costa  Rica  to  designate  "any 
area  of  land"  (Commercial  Relations,  1896-97,  p.  531).  The  cantar  is  employed 
in  Sicily  in  the  export  of  sulphur;  it  is  equivalent  to  175  pounds  (Commercial 
Relations,  1901,  vol.  ii.,  p.  429).  These  arc  only  some  instances  that  I  happen 
to  recall ;  a  search  through  the  Consular  Reports  would  show  many  others.  See 
also  the  Statesman's  Year  Book,  1902,  p.  481 :  **The  French  metric  system  .  .  . 
is  usihI  in  official  departments  (in  Brazil),  but  the  ancient  weights  and  measures 
are  still  partly  employed.  They  are  the  libra,  the  arroba,  the  quintal,  et<i."  Page 
492:  "The  metric  system  is  legally  established  in  Chile  since  1865,  but  the  old 
Spanish  weights  and  measures  are  still  in  use  to  some  extent."  Page  617:  "The 
metric  systc^m  was  introduced  into  the  Republic  (of  Colombia)  in  1857;  in  custom 
house  business,  the  kilogranune  .  .  .  is  the  standard ;  in  ordinary  commeree  the 
arroba,  carga,  (*tc.,  are  generally  us(»d."  These  quotations  could  be  multiplied. 
I  send  you  copies  of  the  (Commercial  Relations,  above  referred  to,  and  would  re- 
p(»at  that  an  examination  of  the  volumes  will  show  other  instances  of  the  use  of 
native  weights  and  mea.sures. 
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44*  Mr.  Colvin  has  matlc  a  further  exainiimtion  of  Consular 
liclations  as  suggested  by  Mr.  Emory,  witli  tlic  restilt  which  he  has 
given  ill  the  diseui^-'Siicm. 

Adtlitioual  faete  regarding  the  use  of  ohl  units  in  mot  tie  coun- 
tries are  ^iveii  in  the  following  lettt^r  from  the  Collector  of  the 
Port  of  2*few  York. 

I  ha^^e  to  state  that  thm  office  is  in  receipt  of  a  lafge  mtmlier  of  invoices  reepjved 
from  Frutico^  wht*n?iij  the  jiwagnm?meuU^  of  tht?  t<?xtile  fabrics  ciu  i*n*d  by  mdd  m- 
\'Oice^  art!  exprei^sed  in  auues,  and  also  from  Switzerland  covering  embroideries 
wherein  the  rneastn^iiients  are  expre&sed  in  aunea, 

I  have  caused  to  l>e  taken  from  the  files  of  this  office  a  numlxT  of  invoices  from 
Spain,  Italy.  Holland  and  Beljanmn,  and  find  as  follows:  From  Spidn,  233  invoices, 
thirty -seven  of  which  the  weighta  are  expressed  therein  as  ponnd^*,  the  ren:iaiadeF 
being  made  out  aceordini^  to  the  metric  sj'alein;  from  Ital\%  fifteen  invoices,  the 
'Weiffhta  therein  expressed  in  the  metric  flv^tem ;  from  Holliind,  fifty-fi\'e  invoiees, 
fourteen  of  which  the  weights  are  expressed  therein  as  pounds ;  eleven  of  the  four- 
teen are  expresised  aa  pounds  avoirdupois^  and  the  other  thre^?  invoiees  not  stating 
the  kind  of  ptnind,  the  remainder  of  the  invoices  being  made  tint  iieeording  to  the 
metric  laysti^rn;  from  Bcleiium,  one  hundred  and  tw^^nty-six  in\'oices,  fourteen  of 
which  the  weights  are  expn'si!i<?d  in  p^jundj^,  thirty-oi:e  in  feet  or  inches,  two  in 
yunls  and  one  ii4  gallona,  the  retnaindcr  biding  made  out  according  to  the  metric 
system. 

In  eonclnsjon,  T  have  to  ntixU^  that  in  many  of  the  invoices  received  at  thiF*  office 
from  countries  in  South  America^  the  weights  are  made  out  in  the  old  Spanish 
pound. 


45*  It  will  he  observf^d  that  the  letters  of  Messrs.  Ball  ami  Rmory 
and  Collector  Straiuilian  relutp  chietly  to  the  eoimiierfial  tisc3  of  old 
nnitSj  iiUhough  this  is  much  more  restricted  than  their  factory  use, 
as  i^i  :4ho\vit  hy  th*'  fact  that  the  fabrics  which  are  made  in  the 
milk  of  Lviiui?  by  the  aiiiie  are  scdd  at*rot^!5  tho  sho]i  counters  of 
Paris  by  the  uietre.  Until  late  In  this  inquiry  I  had  stipposed  the 
metrf*  to  be  really  establi^^lifd  in  Knropeaa  conmierce» though  not  in 
m  anil  fact  lire.  These  letters  show  that  even  in  eommeree  it  is  by 
no  means  universal. 

The  fatal  raitiitakp  of  the  metric  advocates  and  the  wenkness  of 
their  case  lies  in  their  assumption  that  the  statute  book  is  an  index 
of  the  practice  of  the  people. 

The  argimients  for  the  saving  of  tune  in  calcnlationj  for  the 
simplification  of  our  weights  and  measures  and  for  tho  saving  of 
time  by  school  children  are  all  based  on  the  tacit  assumption  that 
the  old  nnits  are  to  disappear.  As  thej  have  not  done  so  else- 
where  they  will  not  do  so  here,  and  every  one  of  these  argnments 
28 
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falls  to  the  ground.    The  whole  metric  case  is  riven  into  shreds 
by  the  simple  fact  that  these  old  units  will  not  die. 

Shall  we  carry  our  heads  in  the  clouds  of  speculation,  or  shall 
we  consult  the  experience  of  others?  Shall  we  join  in  the  chase 
of  this  will-o^-the-wisp  which  no  nation  has  ever  caught?  That 
and  that  only  is  the  metric  question  of  the  hour.  Arguments 
based  on  the  "  beautiful  interrelation  and  correlation  of  the 
units  '^  have  little  more  application  than  a  pliilosophical  specula- 
tion regarding  the  appearance  of  the  back  side  of  the  moon. 

liemoyis  for  the  Length  of  the  Transition  Period. 

4G.  An  essential  feature  of  the  scientific  method  is  the  explana- 
tion of  the  facts  as  found,  and  it  is  easy  to  show  why  the  period 
of  transition  must  be  so  long.  The  pamphlet  containing  this  testi- 
mony before  the  House  committee  contains  a  letter  from  the 
Brown  &  Sharpe  Manufacturing  Company,  which  contains  a 
sentence  embodying  more  wisdom  and  knowledge  of  the  subject 
than  all  the  pro-metric  testimony.  I  quote  (page  190):  "The 
question  of  weights  deals  rather  with  the  future,  but  .  .  . 
linear  measures  are  tied  irrevocably  to  the  past."  The  man  who 
wrote  that  sentence  was  inspired,  and  for  a  time  it  will  become 
my  text. 

47.  If  this  system  were  made  compulsory  to-morrow,  and  the 
])('()})1(»  were  to  receive  it  with  enthusiasm,  the  gas  pipes  in  the  ceil- 
ings of  our  homes  alone  would  keep  the  old  system  alive  for  fifty 
ycnirs.  Keuiember  the  proof  that  has  been  given  that  the  metric 
system  necessitates  metric  sizes.  Now  make  the  gas  tips  which  we 
re])lace  so  often  with  metric  threads,  and  there  isn't  a  chandelier 
in  this  country  that  will  take  them.  Make  the  chandeliers  with 
metric  threads,  and  there  isn't  a  gas  pipe  end  projecting  from  a 
single  ceiling  in  this  country  which  will  take  them.  A  fair  ques- 
tion to  ask  here  is,  how  long  does  it  take  on  the  average  for  a  gas 
pipe  t(^  wear  out?  Our  friends  tell  us  that  for  a  time  we  will  use 
transition  fittings  with  English  threads  at  one  end  and  metric 
threads  at  the  other,  but  this  begs  the  whole  question.  The 
transition  fittings  must  be  made.  The  length  of  the  pipe  does 
not  alter  the  thread  or  the  tools  for  making  it  The  tools  and  the 
equipment  must  be  preserved.  But  why  make  a  transition  fitting 
at  extra  cost  and  serving  no  purpose  except  to  furnish  an  added 
joint  to  leak?  We  may  be  sure  that  so  long  as  pipes  -with 
English  threads  endure  in  our  ceilings,  chandeliers  will  be  made 
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with  KngUflh  threads  to  fit  them*  Why  is  this?  Because  "  meaB- 
iires  of  length  are  tied  irrevocably  to  the  past," 

48.  Kvery  factory  eontaiiiB  overkeail  lines  of  sliaf  ting  which  with 
the  piilk^ys  to  fit  are  a  standardized  fine  of  mamifacture.  With 
standard  fits  pulleys  may  he  changed  from  place  to  place  by 
simply  removing  and  replacing*  Pnt  np  a  metric  Hne  shaft,  and 
not  a  pnlley  in  this  eoimtry  will  fit  it^  nor  will  any  metric  pulley 
fit  an  English  line  shaft.  A  line  of  shafting  was  searccly  ever 
known  to  wear  out.  I  know  one  which  is  forty  years  old^  and 
it  was,  I  believe,  second-hand  when  I  made  its  acijnaintance.  So 
long  as  existing  shafts  endtire  we  may  be  sure  English  dimension 
pulleys  will  be  made  to  fit  them.  Why?  Again,  because  ^*  meaa- 
ures  of  lengt.h  are  tied  irrevocably  to  the  past." 

4!*.  Tlioy  tidl  us  rhtit  we  nniy  eoiitiniie  t(>  use  the  old  niilts  in  re- 
pairs* Consider  the  conplings  which  connect  the  air-brake  hose 
on  all  railroad  cars.  A  new  coupling  on  one  car  connects  with 
the  old  one  on  another  car.  The  time  will  never  corae  when  that 
can  he  changed,  unless  they  are  all  changed  at  once.  WTiy?  Be- 
cause "  measures  of  length  are  tied  irrevocably  to  the  past.'' 

At  the  hearings  of  the  House  committee  a  curious  fact  was 
developed  (Mr.  Buck,  page  145),  The  older  part  of  Philadel- 
phia was  laid  ont  by  a  defective  surveyor's  chain  which^  instead 
rif  being  100  feet  long,  was  in  reality  100  feet  3  inches,  and  in 
that  part  of  the  city  to*day  100  feet  8  inches  is  legally  100  feet* 
By  a  curious  process  of  reasoning  this  was  made  to  appear  as  an 
argument  for  the  metric  system^  though  how  the  adoption  of  that 
system  is  to  change  the  layout  of  the  streets  I  do  not  quite  see. 
Wliy  does  this  anomaly,  this  nuisance j  persist,  and  why  is  it  im- 
possible to  get  rid  of  it?  Because  "  meaattres  of  length  are  tied 
irrevocably  to  the  past*" 

Th4  Adkfptiofh  of  ih^.  Ifeirie  System  Neeesmiatm  Abandoning 
Meokaniccd  iSiandanh. 


t)iX  The  metric  advocates  tell  its  that  it  is  not  neces&ary,  nor  is 
it  desired  to  destroy  our  existing  standards,  and  the  report  of  the 
Itonae  committee  contains  these  naive  words:  *^  This  measure 
in  no  way  contemplates  any  change  in  existing  technical  stand- 
ards, such  an  screw  threads,  wire  gauges,  lumber  measures,  and 
numerous  others,  except  as  manufacturers  and  other  Interests 
find  it  to  their  common  interest  to  make  the  change," 
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Tills  progranime  simply  con  templates  the  us^j  side  by  eide,  for 
an  indctitiite  period,  of  tli*^  inidj  and  the  inilliinetre,  Mr,  Iless, 
who  has  unexeelled  opportunities  for  judging,  has  already  told  us 
that  *'  this  13  too  Ulogical  an  arrangement  to  maintain  itself."  The 
desiraljility  of  using  inches  and  millimetres  side  by  side  need  not, 
however,  be  left  to  any  one^s  opinion^  as  the  facts  are  available 
for  applying  the  scientific  method. 

If  the  use  of  inches  f^r  screw  threads  and  millimetres  for 
general  pur]>oses  is  such  a  satisfactory  plan,  why  do  the  nations 
of  Continental  Europe  make  such  efforts  to  establish  a  metric 
standard  J  as  is  shown  in  the  following  quotation  from  the  article 
by  Mr,  Hess  already  referred  to  as  published  in  the  Amerivan 
Machinist  for  May  3, 1900? 

Finally  varioaa  engineering  societies  took  up  the  matter  and  appointed 
delegates  to  draw  up  and  sift  proposals.  The  work  occupied  a  number  of  years, 
aad  in  the  fall  of  1S9S  culminated  in  the  adoption  by  a  congress  of  delegates 
from  Germany ♦  France,  Switzerland,  Italy ^  and  other  countries  u^iag  the  metric 
system  of  measurements,  of  a  shape  of  thread  and  pitch  to  which  they  assigned 
the  name  of  Bysteme  International,  generally  known  by  the  abbreviatbn  S.  I, 

or  a  J* 


51  ♦  The  effort  roarle  is  a  measure  of  tlie  need  of  tiietrie  threads  to 
go  with  metric  measurements  in  general*  The  need  here  will  be 
as  great  as  in  Germany,  and  we  may  thus  learn  that  whatever 
the  intentions  of  those  \vho  conduct  this  metric  propaganda  may 
be,  the  abandonment  of  the  inch  does  involve  the  destruction  of 
existing  standards^  and  this  illust ration  is  especially  fortunate  in 
that  it  relates  to  screw  threads,  a  change  of  which  is  expressly 
disclaimed  by  the  House  committee.  It  should  he  clear  to  any 
one  that  the  permanent  use  of  both  systems,  side  by  side,  is  simply 
unthinkable  J  and  that  so  long  as  both  systems  are  in  use  matters 
will  not  be  simplified,  but  complicated* 

With  characteristic  inverted  logic,  we  are  told  that  Germany 
does  not  use  metric  screw  threads  because  she  does  not  need  them 
f  5tr*  Christie,  page  7).  On  the  contrary,  the  need  is  showTi  by  the 
effort  put  forth ;  the  lack  of  accomplishment  is  a  measure  of  the  dif- 
ficulties encountered,  Germany  fails  to  use  metric  screw  threads, 
7iOt  hem  me  s/w  (ktes  not  need  ihem^  hut  because^  mih  all  her 
^orU  she  mmnot  get  tftem.  Her  continued  use  of  English  pitch 
threads  is  but  another  illustration  of  the  difficulty  of  changing  a 
unit  of  length  and  of  the  length  of  the  period  of  transition^ — that 
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period  which,  I  mil  again  rDmind  the  reader^  the  metric  advoeatee 
assure  us  ^dll^  with  lis,  occupy  but  three  to  five  years. 

52 »  With  one  breath  these  gentlemen  tell  us  how  quickly  we  can 
make  this  change  and  in  the  next  they  point  with  pride  to  the  fact 
that  Germany  has  not  yvt  changed  her  screw  threads,  and  yet  they 
have  to  be  told  that  the  second  statement  stultifies  the  first 

Is  it  not  supremely  absurd  to  deliberately  adopt,  tn  (Ac  name 
of  reform  and  of  simplicity ,  a  course  which  ^'tdll  lead  to  all  dimen- 
sions of  a  shaft  or  spindle,  for  example,  being  given  in  millimetres, 
except  the  eerew  threads,  which  are  to  he  given  in  inches?  Some 
of  the  metric  advocates  even  regard  this  as  a  satisfactory  perma- 
nent plan.  Thus  Mr.  Christie  (page  Y)  says:  "  We  can  retain  our 
present  standard  of  screw  threads  indefinitely  even  if  the  metric 
system  ih  universally  used/' 

Unless,  however,  this  metric  programme  contemplates  the  ulti- 
mate disappearance  of  the  inch  and  tlxe  substitution  therefor  of 
the  millimetre,  then  it  is  meaningless  and  purposeless,  and  I  ven- 
ture to  say  that  if  even  the  House  eommittee  really  supposed  that 
the  only  intention  of  this  measure  is  to  add  another  set  of  nnitB 
without  getting  rid  of  the  old  ones,  they  would  have  unhesitat- 
ingly killed  the  bill.  That,  however,  has  been  the  cifect  in  France 
and  Germany,  and,  according  to  the  House  committee's  report, 
that  only  is  its  purpose  here.  Proposing  to  change  some  things 
and  not  others  begs  the  whole  fjuestion.  The  proposal  to  make 
the  easy  changes  but  not  the  difficult  ones,  is  a  tacit  acknowledg- 
ment that  some  of  the  changes  are  too  difficult  to  make,  which  is 
exactly  the  an ti- metric  position,  and  pretty  much  the  whole  of  it. 
To  suggt'St  that  we  make  the  easy  changes  but  not  the  difficult  ones 
is  to  surrender  the  whole  case* 

53.  Auofher  point  which  may  he  learned  from  iheMi  i  plot  at  ions 
from  Mr,  Hess  relates  to  a  suggestion  which  is  constantly  made 
that  we  continue  to  use  our  present  sizes,  especially  of  standards, 
but  give  metric  equivalents*  for  the  present  English  dimensions* 
It  is  easy  to  prove  this  to  he  impracticable,  but  such  proof  would, 
necessarily  be  inductive^  which  is  contrary  to  my  present  method** 


*  At  the  beginning:  of  the*  preparation  of  this  argument  I  determined  to  eschew 
all  inductlvR  re*asonitig  and  to  rely  absolutely  upon  the  exp(?rirnontal  methcd, 
and,  follni^ing  this  plan,  the  words  of  the  tpst  were  written.  Regarding  the 
present  point.  I  yield,  however,  to  the  judgment  of  Mr.  Towne,  and  give  the 
proof.  For  tin's  it  is  only  necessary  to  construct  a  table  of  metric  equivaleats-  of 
the  usubI  fractional  dimensions,  thus: 
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54.  Reverting,  then,  to  the  experimental  method,  though  in  this 
case,  to  prove  a  negative,  I  will  ask,  If  the  difficulties  can  be  solved 
so  easily  by  following  this  plan,  why  do  not  the  Oermans  do  it  ? 
They  have  many  times  as  many  reasons  for  doing  it  that  we  would 
have,  because  the  millimetre  would,  if  this  plan  were  feasible, 
form  a  universal  solvent  for  all  their  numerous  inches,  and  all 


Inches. 

Metric 

Inches. 

Metric 

Equivalent. 

Equivalent. 

25.4 

2 

60.8 

28.57 

2i 

63.97 

31.75 

2i 

57.16 

34.92 

2i 

60.32 

38.10 

2i 

63.6 

41.27 

2| 

66.67 

44.45 

2i 

69.86 

47.62 

2} 

73.02 

3 

76.2 

Is  not  the  point  obvious  at  a  glance?  While  the  law  of  the  series  is  simple 
enough,  it  is  not  obvious  to  the  eye,  and  th^  man  does  not  live  who  can  memorige 
the  list.  Only  two  inches  of  the  range  arc  given,  and  even  then  only  to  eighths; 
but  remember  that  no  combination  of  figures  repeats  itself  until  10  inches  is 
reached,  while  there  is  nothing  in  the  above  list  to  correspond  to  any  even 
inch  between  10  and  20  except  15,  nor  between  20  and  30  except  26.  The 
load  which  such  a  table  places  upon  the  memory  is  limited  only  by  its  length. 

Imagine  this  table  to  be  a  bolt  list.  A  farmer  has  broken  a  28.6  millimetre  bolt 
and  wants  a  larger  one,  but  he  nor  anyone  can  tell  what  size  to  call  for  mthotU 
calculation  or  consulting  a  li4.  Are  we  all  to  carry  a  list  of  bolt  sizes  in  our 
pockets?  Will  some  one  point  out  the  gain  due  to  calling  a  IJ-inch  bolt  a  28.6 
millimetre  bolt,  or  give  any  reason  which  should  lead  any  one  to  use  the  metric 
figures? 

In  a  certain  stock-room  the  interval  between  the  sizes  of  bar  iron  carried  is 
i  inch.  Two  of  the  sizes  in  stock  are  2J  and  2^  inche^g.  The  metric  equivalent 
of  the  former  is  G3.4  millimetres.  Will  some  metric  enthusiast,  without  calcula- 
tion, kindly  name  the  next  metric  size?  Will  he  name  any  metric  size  upon  the 
list  except  those  corresponding  to  even  inches?  Will  he  say  if  he  ever  expects  to 
be  able  to  name  one-quarter  of  the  sizes  used  in  every  tool  and  stock  room?  If 
he  thinks  he  can  memorize  the  table  as  given,  does  he  think  he  could  do  it  after 
the  sixtcrnth.s  are  added?  If  he  does,  how  will  the  matter  stand  after  the  table  is 
extended  to,  say,  ten  inches?  If  he  finally  gives  up  the  task  of  memorizing  the 
table,  A\nll  he  say  if  he  intends  to  carry  a  list  of  equivalents  in  his  pocket,  or,  failing 
that,  whc^ther  he  expects  to  use  a  lead-pencil  or  a  slide  rule  whenever  he  has  occa- 
sion to  call  for  a  tool  or  a  bar  of  iron?  lie  must  do  one  or  the  other,  or  else  use  (he 
English  figures.  Do  the  metric  enthusiasts  really  think  that  during  the  "transi- 
tion period  "  any  one  wn'll  calculate  metric  dimensions  which  cannot  be  memorised 
when  he  can  use  English  dimensions  which  memorize  themselves? 

If  the  int<^'rvals  were,  say,  one  millimetre  up  to  50  mm.,  two  from  60  to  100  and 
so  on,  a  metric  list  of  sizes  could  be  memorized  as  easily  as  our  own,  but  with  th© 
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their  difficulties  would  vanish.  Is  it  not  certain  they  would  do 
it  if  they  could,  and  is  it  not  certain  they  do  not  do  it  l)ecaiise 
they  cannot?  Again,  if  this  plan  is  feasible,  why  do  they  mr^ve 
heaven  and  earth  in  their  efforts  to  establish  a  metric  system  of 
screw  threads?  If  this  plan  of  using  metric  equivalents  for 
diameters  and  pitches  of  English  threads  is  so  obvious  and  so  satis- 
factory, why  do  they  not  do  it  iastead  of  throwing  the  Whitworrh 
system  aside  and  starting  a  new  one?  Again,  I  say  they  do  not 
do  it  because  they  cannot  do  it.  If  they  cannot  do  it  we  cannot 
do  it,  and  we  may  be  very  sure  that  if  the  metric  system  leads 
to  metric  screw  threads  in  Germany  it  will  do  s^>  here,  and, 
as  will  be  shown  presently,  that  in  >/:hat  the  haJer%  of  thin  vior^e- 
ment  expe^yt. 

55.  I  do  not,  of  course-,  wi-h  t*>  I^r  iinder-t/^K^l  as  trying  to  j^rovr? 
that  the  u«e  of  metric  equivalents  for  Krijfli-h  -izes  i-  phy-i^'ally  iju- 
possble.  Very  f»rr^-ibly  it  can  Ur  -hov.ri  that  rjjf;  Cforif.kin  f^rOT/Ie, 
tcho  hate  this  thinn  r/r^  their  h*nuU  and  luuat  net  olony  ^jrith  it 
in  some  wa»/,  n-f-  ^'r-.ival'-r.*-  i:*  a  !;::.:•'-•!  v. ay  a:,'i  ::,  -if^-^'la]  rn-'-i. 
The  habitual  ti-^-  ••:  -iz— .  ■  :   ..:.y-L  ri.e  li-r  ciir.r.'.r  t^:  :iju,*'T\yj:\ 


intervals  detf-mJrj^-:  ry  -r.--  YLr.zi,-':.  r--i>  >.  >  ho;/-:!'---  •>;  'r.-  •/,  ::.'-'.:. '.r'./j:  •}a: 
metric  equi val«-:i->.  I :  •. :j-  v  '  ■: :. :.  -,  •  >-: ::. - :;. '. r.  //A  '  .v- ;.  -a-.  '. '.:..-  '•>:  ^-^A  .-i:. -i  \ :. .  - 
is  the  end  of  :•>?  zir'r.\  •  -. ..    \.  :.-  v  :>-.•.-.'- 

AD  placa  for  §&-.!:.&  ^7.  --.:  r  r-i.-. ..:.'": r  >>:.':  -:r.r.  ••/-  '^r.'.:.  :<":  .•<:  v.'  Vj*r 
inchor  upoc^br  \:?!r:  .'  iv"  -  -  . ..  ^  -.>  '.'  v-  i-'-r  •.  i-.  •-.-./  .'-  -.".v  -.  i,.  .  >. 
foDows  :ha?  iv  *:>  '-:■  ■->■•-  --^  „-'  -  , .  ^...  --.^  . -,.  './v/-  ->'/  .  .  ^z  .■•  '•/ 
rnecha'i  os*'  *Cc  i-.Tv  V  :.-.-.■  i  ■  ■■ .  -^  ■  ^  _  ;.  .*•  '.i.-:  .  ^  :.•.,.'■-  ;  ■  ',  i-Ts v 
thanal-^jos?  2ir-v --^ij-r      .'-   -  s    -      *-        ..... 

A  s-i«3E*56o&  irr_' '-.  .-  -> -i-  ■.•..£...  .'.«•-  ■•,.-..-  -.-,  -■•.-;  -.  T-  ''.■■..- ^v  : 
I'pajR  0.  r.iO'*  -'Jj-j^  . 

•■  I  woaii  rrii:*:  L'.    .- .vr--.. -,'-    -.--•/     •    -,-  .'-.  -  •     / 
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and  not  one  of  which  is  indicated  by  any  mark  on  the  iseak^s  in  use, 

is,  howevL^n  nnthinkable. 

When  we  speak  of  changing  fniiu  the  Eughsh  to  the  metric 
system,  the  very  thing  meant  is  that  we  sliall  abandon  sizes  shown 
on  the  iihl  seak^s  and  u.^e  those  shown  on  metric  scales*  This  m 
what  has  been  done  by  (ierniany  as  a  nation,  and  thi^  is  what  has 
been  done  by  VVillans  and  Robinson  and  in  the  injector  depart- 
ment  of  Wi!liani  Selkra  &  Co, 

Eednced  to  its  hnvest  turms,  there  are  bnt  two  posaibk  alter- 
natives to  this  question  of  standards. 

1.  Ketain  the  present  standards  with  the  resulting  hodgepodge 
of  part  English,  part  mt*tric  measures, 

2.  Ahandon  present  standards. 

56.  Many  metric  converts  from  the  shops  accept  the  first  horn  of 
the  dilemma^  but  none  of  them  ha.s  shown  what  is  to  be  gained 
by  a  mixed  tsysteni*  The  object  of  this  movement  is  to  get  rid  of 
onr  old  units  in  order  to  do  away  with  **  confusion  "  and  make 
things  "  plainer,"  It  is  ineimibent  *jn  those  who  accept  the  first 
alternative  to  explain  how  these  objects  are  to  he  obtained  by 
not  getting  rid  of  them^  bnt  by  deliberately  setting  out  to  keep 
the  old  and  to  odd  the  new  to  them*  That  it  is  possibh  to  uae 
such  a  mixture,  as  Germany  does,  counts  for  nothing.  The  world 
is  full  of  examples  of  what  can  be  done  under  difficulties.  The 
qucHtion  isj  IIow  ran  swli  a  iiriirej  stji^tem  he  ffn  ifftjmn^ement  ? 
With  curious  inconsistency  those  who  accept  this  alternative  tell 
us  in  one  breath  that  the  metric  system  will  rid  tis  of  the  **  c?on- 
fusion  '*  of  our  present  units,  and  in  the  next  they  propose  to  con- 
tinue the  use  of  the  old  units  for  standardized  parts.  Only  a 
cross-eyed  man  can  eee  how  the  mixed  use  of  inches  and  inilli- 
metres  can  reduce  confusion. 

Of  course  Ciermany  uses  both  inches  and  millimetres  during 
the  transitinn  period  just  as  we  will  lie  compelled  to  do.  In  Ger- 
many that  jmriod  has  no-w  twenty^ghi  years  to  it^  ffehif^  and  the 
end  is  not  yet  in  ahjhL 

57.  However  the  metric  neophyte  may  deeidc^  it  Is  clear  that  the 
leaders  of  this  movement  have  chosen  the  second  alternative,  and 
that,  while  they  put  reassuring  ]>h rases  in  the  report  of  the  House 
committee,  tlu^y  do  not,  as  a  inattcu*  of  fiict,  expect  our  exist- 
ing standards  to  endure.  Thus  ^Tn  Shaffroth,  in  t|uestioning 
Admiral  JMelville  (pages  118,  119)  said  (the  admiral's  answers 
nro  emitted}: 
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r>o  3'ou  not  think  that  n  truly  international  system  of  screws,  nut  a,  boltsj 
Hc.^  would  be.  desirable?  l^  not  the  abiifnce  of  such  a  universal  iij'stem  at  present 
due  to  the  fact  that  England  ancl  America  havo  not  yH  adopted  the  metrie  sys- 
tem? Would  not  the  adoption  of  the  metric  unit  as  the  basii  of  the  dimeniions 
of  gerew  threads,  and  the  adoption  of  the  American  form  as  the  standard,  be  a 
fair  concession  from  both  sides? 


Againj  Mn  Stratton  testified  (page  155): 

A  change  to  the  metric  system  of  weights  and  measures  would  undoubtedly 
bring  about,  in  time,  a  change  in  our  s>'stem  of  screw  threads,  but  011I3'  at  the 
suggestion  and  convenience  of  manufacturers  and  engineers^  as  here  l  of  ore* 

This  ^'  convenience  of  maniifacturera  '^  will  be  reaehed  wIigh 
the  use  of  a  mixed  sjstcm  lias  becoiuG  no  longer  tolerable,  for 
this  country  will  not  change  its  screw  threads  until  compelled 
to  do  so*  Of  all  the  difficulties  of  the  subject^  the  greatest  eentre 
about  screw  threads,  and  our  friends  show  here  a  distinct  disposi- 
tkm  to  **  hedge."  Their  aetiou,  however,  is  n«>thing  but  con- 
venient pos^tpnncuient  and  evasion,  which  will  not  do.  They 
draw  pictures  of  the  danger  of  delay  (Jlr,  Shaffrothj  page  44). 
They  point  out  how  much  easier  the  change  would  have  been 
t^venty  years  ago  than  now,  and  how  ratich  more  difficult  it  will 
be  twenty  years  hence  than  now.  If  that  h  true  of  the  general 
proposition,  it  is  equally  true  of  screw  threads.  The  problem  is 
made  no  easier  by  relegating  the  worst  of  it  to  the  indefinite 
future,  When  we  contemplate  the  adoption  of  the  metric  sys- 
tem we  nixist  contemplate  the  adoption  of  the  metric  si/stemj  for , 
the  ultimate  result  is  the  same,  no  matter  how  easy  the  approach 
nor  how  thin  the  entering  wedge. 

5S,  And  what  ia  it  all  for?  The  metric  advocates  can  answer 
best.    Sir.  Christie  (page  9)  telk  us: 

I  think  one  of  the  greatest  advantages  h  its  convenience  in  computation; 
T  think  that  m  arniuestionable.  The  next  is,  convenience  for  niemori;«ing;  it  is  a 
system,  which  the  mind  can  grasp  and  readily  retain  without  undue  straiii  on  the 
memory^     Thca«%  1  think,  are  the  two  great  advantages. 


Dr.  Wiley  (page  50)  says: 

Kow  when  you  see  the  beautiful  relations  which  exist  between  the  unit  of 
length,  weight  and  capacity  .  ,  ♦  *  Then  there  is  the  direct  relation  between 
tlje  unit  of  length  and  the  unit  of  weight  and  we  have  the  measurce  of  capaeity 
that  come  directly  from  it. 
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In  answer  to  tlie  question,  What  would  be  the  advantage  to  the 
general  publie — the  plain  people — throughout  the  country  hy  the 
adoption  of  this  system?  Professor  Neweomb  answered  (page  73> 
italics  mine) : 

The  fid  vantage  would  simply  be  that  of  simplicity.  .  ,  ,  So  far  aa  evenj  day 
purposes  are  concerned  I  do  not  know  of  any  pariieutar  advantage.    .    ,    , 


Dr.  Geddings  (page  75)  says : 

It  is  simple,  elastic,  scientific,  and  on  the  whole  a  beautiful  structure,  and  the 
interrelation  and  the  beautiful  correlatiou  which  exist  between  its  meaaurea  of 
weight  and  measures  of  capacity,  and  its  measures  of  length  and  area,  I  think 
only  require  a  very  limited  consideration  to  appeal  to  anyone  who  ia  desirous  of 
getting  into  the  ranks  of  the  progresa  of  the  age. 

59>  And  so  on  to  the  end  of  the  wearisome  chapter.  Was  there 
ever  such  a  ease  of  sacrificing  the  greater  to  the  leaser?  Was 
there  ever  such  a  ease  of  distorted  perspective?  Was  there  CTcr 
such  a  ease  of  rainbow  chasing?  As  an  epitome  of  the  reasons 
for  making  this  great  change  this  pamphlet  is  pitiful.  Are  we 
a  nation  of  dreandng  idealists  and  transcendentalista  that  we 
should  be  swayed  by  such  considerations? 

The  points  I  have  now  made  are  that  this  supposed  universality 
of  the  metric  system^  even  in  conntries  in  which  it  has  been  nomi- 
nally adopted  for  a  generation,  is  a  fiction;  that  the  idea,  which 
is  repeatedly  insisted  on  by  these  people,  that  we  can  malcc  this 
change  in  three  to  five  years  is  rubbish;  and  that  the  adoption  of 
the  metric  system,  whatever  its  advocates  may  say,  does  involve 
the  destruction  of  our  existing  standards. 

Tfie   Value  of  Mechamcal  Standards, 

60.  If  what  lias  prerede<l  has  proven  anything  whatever, it  is  that 
the  idea  of  using  metric  equivalents  for  EngUsh  dimensions  must 
be  given  up*  If  this  idea  must  be  given  up,  the  inevitable  con- 
clusinn  is  that  the  abandonment  of  the  inch  will  involve  the  de- 
struction of  our  existing  standards. 

The  destruction  of  our  existing  standards!  A  few  words,  not 
even  a  complete  sentence.  They  are  easily  spoken,  but  docs  any 
one  who  reads  this  paper  appreciate  their  appalling  meaning,  the 
industrial  ehaos  to  which  their  destruction  would  Cfmsign  us? 
Established  industrial  standards  are  among  the  most  priceless  of 
material  possessions,  and  the  man  who  woidd  destroy  them  de- 
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res  to  be  placed  in  the  pillory  and  held  np  in  the  Bcorn  of 

The  man  who  can  estimate  or  indicate  in  words  the  value  of 
mechanical  standards  to  this  country  and  the  loss  due  to  their 
destruction  does  not  live,  and  I  shall  not  attempt  it.  The  pam- 
plilet  containing  the  testimony  before  the  House  committee  is 
full  of  questions  and  of  testimony  from  the  metric  advocateSj  the 
purpose  of  which  is  to  show  that  the  cost  of  changing  stand- 
ardized tools  is,  after  all,  not  very  serious,  if  done  gradually,  but 
nowhere  is  there  anything  to  indicate  that  these  people  have  any 
idea  of  the  value  of  a  standard  as  such*  For  their  benefit^  there- 
fore,  I  will  explain  that  while  the  value  of  standardized  tools  in 
this  country  runs^  into  luunimberod  millions  of  dolkr^Sj  thi'  value  of 
a  standard  is  not  chiefly  or  even  hirgcly  represented  by  such  tools, 

61,  The  cbief  value  of  a  standard  lies  in  the  fact  that  it  is 
adopted,  that  it  has  become  a  part  of  our  daily  livea,  and  works  so 
smoothly  that  we  are  scarcely  aware  of  its  exktence.  For  example, 
the  value  of  ]iipe-thn'ad  standards  is  not  re])rcsentcd  by  the  taps 
and  dies  in  the  hands  of  pipe  makers  and  fitters,  but  by  the  fact 
that  because  the  threads  are  standardized  pipe  fittings  can  be 
made  by  the  million,  at  trifling  costj  and  that  when  we  need  a 
fitting:  "^^^  <^^s  buy  it  for  a  few  cents  with  the  assurance  that  it 
will  fitp  instead  of  having  to  get  it  cut  to  order  to  suit  an  odd 
size  of  thread.  Similarly  the  cost  of  attempting  to  change  air- 
brake hose  eouphngs  is  not  represented  by  the  value  of  the  tools 
for  making  the  couplings  in  the  West^nghouse  Works,  but  by  the 
infinite  confusion  of  the  railroads  in  getting  from  one  standard 
to  another*  The  value  of  the  tools  in  this  case  is  not  many  dol- 
lars, but  the  cost  of  the  change  cannot  be  found  upon  any  inven- 
tory, nor  caii  it  be  measured  by  any  scale. 

Similarly  again,  the  cost  of  changing  our  pipe-thread  standard 
is  not  reprosecuted  by  the  cost  of  new  taps  and  dies,  but  by  the 
confusion  involved  in  getting  from  one  standard  to  another — a 
confusion  which  will  last  until  existing  steam,  water,  and  gas  pipes 
have  disappeared,  and  which  will  not  be  lessened  by  putting  off 
the  change  until  it  is  brought  about  "  at  the  suggestion  and  eon- 
vonienee  of  manufacturers,'^ 

02,  It  is  beoaiise  of  our  staudarrls  and  our  standardised  methods 
that  American  mechanical  industries  are  great  It  is  in  this 
that  we  lead,  and  by  this  sign  we  conquer,  Tt  is  this  that  dia- 
tinguiehes  us  from  the  remainder  of  the  world,  and  having  the 
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lead  wliioli  such  things  give  ug^  \ye  are  asked  to  abandon  it  and 
line  up  in  the  race  afresh,     Aud  this  in  the  name  of  progress. 

In  this  matter  of  existing  standards  these  people  blow  ht^t  with 
one  breath  ami  cold  with  the  next.  In  tho  rejKirt  of  the  House 
committee  they  assure  lis  that  no  change  is  contemplated,  but 
w^lien  driven  into  a  corner  they  can  only  suggest  that  we  abandon 
the  old  standards  and  establish  new  ones,  which  will  be  so  much 
better,  you  know.  Thus  Mr.  Stratton  (page  155),  quoting  from 
Mr.  Sellers,  to  the  effect  that  the  cost  of  throwing  away  old  taps 
when  the  Sellers  system  of  threads  w^as  introduced  was  a  judicioua 
expenditure,  added: 

Does  not  this  arii^iment  apply  with  still  greater  force  in  connection  wilh  ft 
universft]  s^^atem  of  g(>rew  threads  which  this  measure  docs  not  contemplate, 
but  which  ia  greatly  to  be  desired,  and  a  chan^  to  the  metric  system  of  weights 
and  measures  would  imdoubtedly  bring  about  in  time  a  change  in  our  system 
of  screw  threads,  but  only  at  the  saggeation  and  convenience  of  manuTacturerg. 

In  the  aboTe,  Mr,  Sellers  describes  the  di&carding  of  a  niiseel- 
laneoue  assortment  of  taps  in  order  to  adopt  a  standard;  Mr. 
Stratton  proposes  to  discard  a  standard,  which  lias  comunied  forty 
years  in  beeoming  Bueh,  in  order  to  start  a  new  one.  In  this  he 
shows  that  he  has  ^o  little  knowleflge  of  the  value  of  standards, 
of  the  tiiru'  required  to  get  them  adopted,  and  of  the  confusion 
involved  in  changing  them,  that  he  takes  the  inauguration  of  a 
standard  ats  a  precedent  for  dit^carding  it. 

(i3.  This  has  been  quoted  before,  but  it  will  stand  it  again.  It  h 
difficult  to  be  patient  or  to  use  temperate  language  regarding 
mich  a  proposah  Why  not  fhrow  away  onr  standards  and  adopt 
new  ones?  Why  not  cnt  down  the  trees  in  Central  Park  and  set 
out  saplings  in  their  place??  There  is  no  doubt  that,  give  him 
Ume^  a  capable  landscape  aK'hitect  could  improve  the  Park*  The 
answ^er  to  each  question  is  the  same.  With  trees  and  standards 
alike,  a  generation  of  time  is  required  for  them  to  take  root  and 
grow  and  become  integral  with  the  soil.  Moreover,  the  old  stand- 
ards cannot  be  cut  down.  The  new  must  grow  up  in  the  fihadow 
of  the  old»  and  saplings  traui^planted  to  the  depth  of  an  old  forest 
are  not  apt  to  thrive.  Destroy  our  standards  for  the  sake  of  new 
ones  that  are  no  better,  and  that  can  only  become  really  stand- 
ard after  a  freneration  of  confusion-  This  is  the  metric  pro- 
gramme of  simplicity,  progress,  and  reform.  And,  again,  what  is 
it  all  for?  How  much  compensation  will  there  be  in  the  ^*  beau- 
tiful interrelation  and  correlation  of  the  units"! 
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&aminaiian  of  the  Clmtns  of  Super ioriiy  for  ths  Metric  St/stern, 

^4r.  The  keynote  of  mj  argument  for  a  time  vnU  be  that  tlie 
wliole  matter  h  a  bagatelle; that,  in  shorty  the  t,riliitigHtlvaDtages,if, 
indeed,  there  be  m\y  advantages  at  all^  to  be  obtaineil  by  thu  adop* 
tion  of  the  metric  system  are  not  for  a  moment  to  be  compared 
with  the  enormous  cost  of  making  the  change.  Every  thinking 
man  knows  that  a  duodecimal  system  of  numbers  would  be  better 
than  the  present  decimal  system,  but  no  one  is  so  foolish  as  to 
seriously  propose  a  change,  and  the  cases  arc  exactly  parallel. 

On  its  merits,  then,  I  claim  that  the  metric  system  is  a  bagatelle. 
Admit  all  J  for  the  sake  of  argument  ^  that  the  metric  advocates 
have  claimed  regarding  the  fundamental  sui?eriority  of  the  sys- 
tem and  we  admit  nothing.  The  pro-metric  argument  is  that 
the  deciaial  bagis  and  the  interrelation  of  the  units  of  length,  of 
capacity,  and  of  weight  greatly  simplify  and  abbreviate  calcula- 
tions, That  is  all,  for  when  it  comes  to  actually  measuring  things 
no  one  claims  that  it  cannot  be  done  just  as  readily  by  the  English 
system;  and,  in  fact,  if  there  is  any  argument  from  this  stand- 
point it  is  that  the  English  system  is  better  than  the  French  sya- 
tern. 

05,  In  ftnppe:>rt  of  thi:^  claim  of  superiority  for  the  purposes  of  cal- 
culation^ the  standard  illustration  relates  to  the  calculation  of  the 
volume  and  weight  of  a  tank  of  w^ter;  and,  in  fact,  at  the  close 
of  the  pamphlet  giving  the  testimony  before  the  House  com- 
mittee—a pamphlet  which,  as  a  matter  of  duty,  I  have  read  from 
the  first  page  to  the  last^ — are  some  comparative  tables  showing 
the  number  of  figures  involved  in  such  calculations  by  the  two 
systems.  Kow  the  weak  point  of  this  exhibit  is  that  to  very  few 
people  is  the  weight  of  a  tank  of  water  of  any  consequence  what- 
ever. Of  the  members  of  this  society  of  engineers  I  doubt  if 
10  per  cent  ever  had  to  determine  the  weight  of  a  tank  of  water 
or  the  pressure  on  its  Iwttoui.  This  illustration  is  contemptible 
in  its  littleness.  The  calculations  of  this  nature  which  engineers 
have  to  make  relate  to  the  weights  of  masses  of  the  materials  of 
construction — iron,  i^^teel^  brass,  masonry,  etc. — and  the  procedure 
m  the  same  by  either  system;  we  multiply  the  length  by  the 
breadth  and  the  thickness^  and  then  multiply  the  product  by  a 
constant  for  the  materiah  With  the  metric  system  that  con- 
stant is  the  specific  gravity,  and  with  the  English  system  it  is  the 
weight  per  cubic  inch.     That  is  all^  and  when  sxmamed  up  the 
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difference  in  the  proeedure  is  simply  that  between  tweedle  dee 
and  tweedle  dum. 

GC,  WhieU  system  rnvolves  the  more  figureis  in  such  relations  no 
one  can  say  a  priori  with  any  certainty.  Please  note  my  words. 
Two  factors  enter  the  matter^  one  of  which  favors  the  English, 
and  the  other  the  metric  system.  The  factor  which  favors  the 
English  system  is  the  smallnesa  of  the  French  unit — -the  milli* 
metre,  which  is  ahont  equal  to  the  one-twenty-fifth  part  of  an  inch. 

In  the  practical  use  of  the  metric  system  in  machine  constrnc- 
tion,  the  millimetre  and  not  the  metre,  as  originally  intended,  is 
the  unit  of  length— that  is,  the  figure  1  means  1  millimetre^  and 
not  1  metre.  To  express  1  metre  we  write  IjOOO.  The  metre, 
as  such,  does  not  appear  upon  the  drawing  at  alL  Eight  metres 
appear  as  8,000  millimetres — and  what  a  charming  e:q>ression 
that  ia^it  reminds  me  of  nothing  so  much  as  measuring  the  dls- 
tance  to  the  moon  in  inches.  And  this  must  be  so,  because  we 
cannot  have  two  decimal  points*  In  the  nature  of  the  case,  for 
any  class  of  work,  we  must  first  fix  the  position  of  the  decimal 
point  and  then  keep  it  there.  Fancy  a  ledger  in  which  the  deci- 
mal point  sometimes  appeared  after  the  dollars  and  some- 
times after  the  cents.  By  common  consent  in  metric  countries 
and  for  machine  constrnction  the  point  is  placed  after  the  milli- 
metres. 

(m  ,  Tlie  u^e  of  the  millimetre  as  a  unit  for  measnring  large  di- 
mensions is  precisely  analogous  to  the  use  of  the  cent  for  measuring 
large  values,  and,  just  as  the  expression  7,000  cents,  for  example, 
convoys  no  definite  idea  of  its  value  to  the  mind  until  it  is  reduced 
to  dollars,  so  the  expression  7,000  millimotres  conveys  no  definite 
idea  of  its  magnitude  until  reduced  to  metres.  Dimensions  of 
thousands  of  millimetres  are  common  on  metric  drawings. 

The  smallness  of  tliis  unit  increases  the  number  of  figures  neces- 
sary to  express  a  given  dimension,  an  increase  which  grows  with 
the  dimension.  To  express  a  dimension  between  about  4  and  40 
inches  we  must  use  not  less  than  three  figures,  and  between  about 
40  and  400  inches  not  less  than  four  figures^  although  in  English 
units  these  dimensions  np  to  108  inches  can  often  be  expressed  by 
a  single  figure.  Thus  the  distance  which  we  would  call  8  feet  is, 
in  the  metric  system,  2,43 R  millimetres.  This  increased  number 
of  figures  necessary  to  express  a  given  dimension  increases  the 
labor  of  calculation  by  tlie  metric  system. 

The  effect  of  this  reduction  in  the  size  of  the  unit  is  startling. 
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I  am  not  splitting  hairs  at  alL  For  example,  taking  the  illustra- 
tiou  cited  above.  If  I  have  a  surface  8  feet  long  by  8  feet  wide, 
and  I  \^'ish  to  find  its  area,  I  multiply  8  by  8,  whereas  if  the  same 
fiurface  has  been  measured  in  metric  units  I  must  multiply  2,438 
by  2,438, 

68-  To  multiply  8  by  8  involves  but  a  single  mental  act  and  but 
four  tlgures! — two  8*8, a  C,and  a  4.  ilult.iply  2,4l^S  bj  2,438,  and  it 
will  be  found  to  involve  32  figures*  Moreover,  finding  the  partial 
products  involves  the  nmltiplieation  of  four  figures  by  four  figures 
- — that  is  J 16  mental  acts.  Add  the  number  of  such  acts  required 
in  adding  the  partial  products  and  in  carrying,  and  a  total  of  41 
distinct  mental  acts  will  be  found.  That  is,  while  the  number 
of  figures  required  to  express  the  dimension  has  increased  four- 
fold, the  number  rf^quired  for  the  operation  has  increased  eight- 
fold, and  the  mental  labor  involved  has  increased  over  forty-fold  1 
Of  course  the  ease  is  not  representative,  and  it  is  not  so  offered. 
I  do  not  want  any  one  to  imagine  that  I  think  the  metric  system 
IS  forty  times  as  cumbersome  as  our  own.  I  have  simply  selected 
an  extreme  case  to  show  that  here  is  a  factor  that  must  be  reck- 
oned \^Tth,*  aUieit  the  pro-motric  literature  may  be  searched  with 
a  microscope  without  finding  a  single  reference  to  it  unless  the 
searcher  is  more  lucky  than  I  have  been,  I  doubt  if  there  are  a 
dozen  members  of  this  society  who  ever  heard  of  it  before,  or 

*  It  i^  not  necessary  to  jump  from  millitnetrea  to  feet  nor  to  confine  ourselves 
to  int^^gral  EngU&h  dimensionB  to  ilhMrate  this  small  unit  effect.  In  place  of 
th(*  mirface  assumed  in  the  text  assume  one  of  81  inches  or  216  millimetres  (deei* 
mals  omitted]  square,  and  the  operations  of  finding  the  area  are  as  folloWBl 

English  Metric 

H  216 

S)  216 


721  ^OBliO 

'  Simiming  thi^  up  we  have  the  following  resultfi: 

English.  Metric. 

Number  of  figures  required  to  express  the  dimensions »,,......  3  3 

Number  of  figures  required  to  work  the  problem* » ♦ ,,.....,.  16  21 

Number  of  mental  acts - fi  17 

Like  the  other,  this  illustration  h  not  offered  as  a  repreienlative  problem,  but 
to  demonstrate  the  action  of  the  small  unil. 
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one  who  ever  before  saw  it  reduced  to  figures.  That  this  small 
unit  effect  acts  to  largely  reduce  the  savings  due  to  the  absence 
of  fractions  is  as  clear  as  the  sun  at  noon. 

69.  That  more  figures  are  required  to  express  a  given  diatauee  in 
a  smaU  unit  than  in  a  large  one  is  certainly  obvious,  that  thisj 
taken  by  itself,  tends  to  increase  tlic  labor  of  calculation  is  also 
obvious,  and  that  the  mental  effort  increases  far  more  rapidly  than 
this  increase  iu  figures  is  shown  bj  the  illustrations.  That  this 
effect  niust  be  placed  against  the  gain  due  to  the  absence  of  frac- 
tions in  order  to  obtain  the  net  effect,  is  as  clear  ar  anything  on 
earth  can  be.  Nevertheless  this  effect  is  completely  and  con- 
reniently  ignored  by  the  metric  advocates* 

When  it  comes  to  the  claim  that  this  metric  system  reduces  the 
labor  involved  in  tiic  calculations  of  every-day  life  enough  to  be 
a  matter  of  any  puhlic  moment  whaim^er^  it  simply  is  not  so. 

This  action  is  always  present— albeit  often  offset  by  the  sb* 
senre  of  fractions — ^whenever  we  deal  with  quantities  larger  than 
1  centimetre. 

No  dimension  on  a  machine  drawing  above  0  millimetres  (about 
f  inch)  is  ever  expressed  by  a  single  digit,  and  none  above  9  centi* 
metres  (about  3|  inches)  by  two  digits.  In  English  units  9  feet 
may  be  expressed  with  one  figure,  and  99  feet  vrith  two.  Talk 
about  simplicity.     A  metric  drawing  is  a  wilderness  of  figures. 

70.  Even  the  assumed  !!=iimplieity  of  deciuial  fractions  is  to  a  large 
degree  fictitious.     Compare  the  following  table  of  equivalents: 


i  =  .3333  + 

^n  -  .0100  H- 

1^  =  .0625 

i-.25 

T^o  =  ,0n3  + 

A  =  .03125 

i^.2 

,^^.0125 

^4^.015625 

i^  =  .1666  + 

/o  =  .oni  + 

^  ^  .0028  + 

t^.l42S  + 

rb  =  .oa5 

,b^*0022  + 

i  =  ,125 

^irr  =  .0033-1- 

^TT  =  .001S  + 

4==  .1111  + 

Read  some  of  these  expressions  aloud.  One-eighth  equals  one 
hundred  twenty-five  thousandths;  one  sixtieth  equals  one  hundred 
sixty-seven  ten  thousandths  j  one  thirty-second  equals  three  thou- 
sand one  hundred  twenty-five  hundred  thousandths.  Can  any 
one  say  that  the  decimal  equivalents  give  as  clear  a  mental  picture 
of  their  value  as  the  vulgar  fractionst  They  never  do,  except 
%vherc  the  decimal  is  small,  and  this  explains  why  people  insist 
on  using  vulgar  fractions. 
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The  STiperioritj  of  tlie  docimal  system  aa  applied  to  eurrencv 
is  largely  duo  to  the  great  amount  of  adding  to  be  done*  With 
day  book,  journal,  ledger,  cash  book,  trial  balance,  balance  sheet, 
invoice  inward  and  invoice  outward  alike^  it  is  add,  add,  add,  and 
then  add  some  more.  The  amount  of  adding  to  be  done  in  con- 
nection with  money  is  both  relatively  and  absolutely  out  of  all 
comparison  witli  that  involved  in  connection  with  weights  and 
measures.  When  it  coniea  to  multiplication  or  di\iBion,  vidgar 
fractions  are  often  the  simpler.  The  comparisons  drawn  Ix^tween 
currency  and  weights  and  measures  will  not  bear  examination, 

71.  Some  very  striking  testimony  on  the  suljjeet  of  the  compara- 
tive labor  of  calculations  l>y  the  two  fivstenis  was  offered  before  tlie 
House  committee  by  Mr*  J*  II*  Linnard,  a  naval  architect  of  the 
Navy  Department,  who  learned  his  profession  in  France,  where 
he  spent  four  years  studying  naval  architecture  in  the  metric 
system,  which  profession  he  has  practised  since  1887  in  this 
conntryj  wherCj  of  course,  he  has  used  the  English  system. 
Here  is  a  man  who  may  fairly  be  said  to  know  what  he  is  talk- 
ing about,  and^  moreover,  one  would  expect  his  predilections  to 
favor  the  metric  system^  as,  in  Ha  schooldays,  naval  architec- 
ture and  the  metric  system  were  part  and  parcel  of  the  same  thing. 
Nevertheless  he  testified  (page  183) :  *^  As  far  as  calculations  in 
the  matter  of  shipbuilding  are  concerned,  it  is  just  as  convenient 
in  every  way,  shape,  and  form  to  use  English  measurements  aa 
French," 

Such  testimony  cannot  be  ignored.  It  is  worth  more  than  all 
the  essays  and  a  priori  argiunents  that  can  be  written  from  now 
until  doomsday.  There  m  probably  no  branch  of  engineering 
which  involves  so  many  or  such  laborious  calculations  as  ship  de- 
signing. It  may  be  regarded  as  the  crux  of  the  whole  matter, 
Moreovcrj  in  connection  with  many  of  the  problems  of  the  naval 
architect  the  pet  tank  of  water  illustrationa  would  seem  to  apply 
directly,  but,  unfortunately,  the  naval  architect  baa  to  deal  with 
salt  water,  which  has  a  greater  specific  gravity  than  fresh  water, 
and  so  these  pretty  illustrations  fail  to  apply  even  here.  If  the 
Creator  would  kindly  make  the  earth  over  again  and  fill  the  seas 
with  distilled  w*ater  the  case  might  be  different. 

72,  The  following  testhnony  from  another  article  by  Mr,  Hess^ 
published  in  the/lr/^rnV^r^  Morhinisi  for  October  10,  1002,  is  even 
more  striking,  because  ifr-  Hess,  before  his  practical  experience 
with  the  metric  system^  was  an  advocate  of  it: 
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Some  yeaiB  stDce  I  was  asked  to  nign  a  pt^titiorv  to  Congross  asking  that  the 
metric  system  of  meflfiurcmcnt^  ho.  ofllcially  adopted  as  the  logiil  American 
Htatidiifd.  lo  common  mth  niBivy  others  I  complied^  under  the  impression  that 
f  ht^  eas*>  of  reckoning  i^ith  decimals  and  the  convenienee  of  a  logically  liarmoniouB 
system  would  be  euffioient  to  comi>en3ate  for  all  troubles,  fancied  and  real, 
mcidcntal  to  the  change.  Since  then  actual  experience  with  the  metric  system 
has  led  to  a  revision  of  views,  so  that  to-day  I  am  decidedly  "  on  the  fence/' 

That  the  metric  system  is  a  really  satisfactory  solution  of  the  problem  is, 
to  say  the  least^  doubtful.  The  convenience  of  its  imits  as  to  size  is  debatable; 
but  it  is  very  likely  that  no  series  of  units  can  be  generally  satisfactory'.  The 
requirements  of  the  various  arts  and  sciences  are  far  too  varied  for  that.  The 
best  unit,  or  series  of  units,  is  one  that  does  not  involvis  lai^  figurea. 

That  arirumcnt  of  the  advocate  of  the  metric  system  that  it«  unit,  the  metre, 
is  a  natural  I  one,  a  ctjrtain  dti  finite  portion  of  the  earth^s  diamct<?r  [^/c],  may  be 
at  once  i^amissed;  it  has  already  been  proven  that  the  metre's  relation  to  the 
earth's  diameter  is,  or  was,  not  rebably  known. 

There  remains  the  other  chief  claim — convemenee  in  reckoning,  owing  to 
the  metric  system  having  been  built  up  on  the  decimal  plan.  This  is  really 
a  very  alluring  claim,  but  will  not  bear  close  scrutiny*  The  decimal  system  is 
only  in  pari  more  convenient  than  a  binary  system^  but  not  wholly*  so,  or  even 
more  so.  It  is  in  fact  more  uncertain  in  arithmetical  operations  than  the  decid- 
edly faulty  English  system.  This  statement,  directly  opposed  to  my  precon- 
ceived notions  of  a  few  years  ago,  is  advanced  tis  a  result  of  direct  experience 
with  the  metric  system,  extending  now  over  three  years,  Having  been  gradually 
led  to  this  conclusion  I  determined  to  ptit  it  to  a  praclicid  test.  A  certain  prob* 
lem — not  made  up  specially  for  the  occasion,  but  cropping  up  in  regular  practice 
— was  submitted  to  se'v'en  draughtsmen  and  designers,  some  of  them  of  more  than 
average  attaimnents,  and  all  of  them  thiiroughly  familiar  with  the  metric  system, 
through  having  used  it  almost  ejcdusi%Tly  in  their  practice  and  schooling.  The 
correct  result  was  arrived  at  by  only  three  of  the  seven  men. 

The  problem  was  at  first  given  to  but  one  man,  and  only  the  obviously  wrong 
result  led  to  its  being  handed  over  to  the  others*  The  diffictilty  lay  in  the  cor- 
rect location  of  the  decimal  point;  with  one  exception  all  had  t!ie  correct  numerals, 
but  the  men  were  appan*ntly  lost  ia  the  maze  of  decimal  figures. 

The  same  problem  with  equivalent  values  in  English  units  was  then  handed 
out.  The  correct  result  wels  arriv(*d  at  by  six  out  of  seven  men  in  an  average 
of  two-thirds  the  time  taken  for  its  solution  in  the  metric  system,  showing  that 
the  percentage  of  error  was  very  much  less  and  the  time  considerably  less  with 
the  binary  system^  notwitlistanding  the  relative  unfamiliarity  of  the  men  with 
the  units  of  the  binaiy  system. 

A  decimal  system  is  not  as  convenient  as  a  binary  system  in  mathematical, 
draughting-room  or  shop  work  at  least  so  far  as  mechanical  engineering  in 
concerned. 


AdditioDal  eT^denee  iinfavoral>Ie  to  tlie  claims  for  economy  of 
time  in  calculations  will  be  found  iji  the  rcplj  to  Mr.  ChriBtie^s  con- 
tribtition  to  the  discussion- 

73*  But  Ignore  Mr.  Limmrd*R  and  Mr.  ITcss*6  testimotiy  if  yon 
vdWj  and  what  does  the  pro-uietric  argument  amount  to?    Supiwae 
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the  labors  of  naval  arcbiteets  aiid  engineers  generally  wore  appre- 
ciably lightened  by  tbe  use  of  tbe  metric  ajstenij  wbat  would  it 
amount  to?  Wbat  is  tbe  proportion  of  engineers  to  the  public 
at  krge^  and  how  much  would  the  aggregate  saving  amount  tol 
Figure  up  the  aggregate  if  it  can  be  done,  and  then  divide  it  by 
the  number  of  the  population,  and  bow  many  seconds  per  day  for 
each  man  would  be  obtained !  This  explains  what  I  meant  in  say- 
ing that  if  the  arguments  of  the  me  trio  advocates  be  admitted  the 
admission  amounts  to  nothing.  As  an  economic  factor  in  the  life 
of  this  people,  I  insist  that  the  saving  of  time  due  to  the  use  of 
the  metric  system  in  calculation  is  an  absolute  bagatelle.  ITo 
microscope  ever  magnified  material  things  to  tbe  extent  that  the 
importance  of  this,  matter  has  been  magnified*  I  cannot  express 
my  contempt  for  the  argument  that,  in  order  to  lessen  the  labor 
of  a  man  here  and  there  throughout  the  country,  this  nation 
should  he  put  to  the  confusion  and  turmoil  involved  in  tearing 
up  by  the  roots  the  most  fundamental  feature  of  its  cnmTnereial 
and  industrial  life*  The  proposition  is  untbinkable*  Talk  about 
special  legislation;  the  words  do  not  describe  it.  The  only  field 
in  which  the  interrelation  of  tbe  units  cuts  any  considerable  figure 
18  the  electrical  field.  This  narrows  the  issue  still  more*  Shall 
we  do  this  for  the  electrical  engineers? 

74-  Again,  what  is  it  all  for?  Such  a  change  as  this  is  justifiable 
only  in  case  of  great  and  manifest  advantages*  Why,  then, 
should  we  embark  on  this  movement,  tbe  end  of  which  no  man 
can  foresee,  when  its  advantages,  granting  them  to  exist,  are  so 
slight  and  ao  elusive  that—with  unexcelled  opportunities  for  com- 
parison and  fonnerly  an  advocate  of  the  system — a  man  like  Mr. 
Hess  cannot  find  them? 

In  tbis  conn€*etion  I  wish  to  call  attention  to  another  matter. 
Engineers  are  oo  longer  subject  to  the  drudgery  of  calculations. 
For  the  past  twenty  years  an  instrument  for  this  purpose  haa 
been  growing  in  use,  until  it  has  bt^come  almost  universal  among 
engineers  below  nuddlo  life^  its  use  being  taught  as  a  matter  of 
course  in  our  engineering  colleges.  I  refer  to  the  slide  rule, 
which  has  become  almost  as  faiiuliar  a  thing  on  an  engineer's 
desk  as  well  as  on  those  of  many  commercial  men,  as  a  lead-pencil 
or  a  pair  of  dividers.  It  performs  all  the  ordinary  calculations 
of  life,  except  addition  and  subtraction,  so  quickly  that  there  is 
nothing  left  for  the  metric  system  to  save,  and  as  an  economic 
factor  in  the  life  of  the  American  people  it  is  worth  twenty  metric 
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gysteras.  These  people  consider  us  a  lot  of  moasbacks  and  old 
fogies*  As  a  matter  of  fact,  it  is  they  who  are  twenty  years 
belli nd  the  times ,  for  they  do  not  know  th^t  the  drudgery  of  cal- 
culations is  already  a  thing  of  the  past. 

75.  To  go  back  to  tlie  calcnlation  of  constructive  weights, no  one 
to-day  would  do  it  except  by  the  slide  rule.  For  this  the  small 
.  nunxbers  due  to  the  large  unitB  of  the  Engliah  system  are  dis- 
tinctly superior  to  the  largo  numbers  due  to  the  small  French 
units.  With  the  former  we  determine  the  decimal  point  instinc- 
tively, while  mth  the  latter  we  must  keep  tab  on  the  decimal  point* 

Putting  the  little  slide  rule  alongside  the  great  syskme  7m%- 
verselle  may  appear  to  some  like  standing  Jack  the  Giant  Killer 
alongside  his  victims,  but  do  not  forget  the  fin^l  result. 

Moreoverj  the  entire  argument  for  this  saving  of  time  in  calcnla- 
tion  ii^  baaed  on  the  tacit  assumption  that  the  old  units  will  become 
extinct  since,  if  they  are  to  be  used,  they  must  appear  in  calcnla* 
tions,  When,  as  in  French  and  German  textile  industries,  the 
old  and  new  units  are  used  conjointly^  there  is  an  actual  loss  of 
many  times  the  theoretical  gain. 

Witness  the  closing  of  the  grave  over  a  century  of  dchision 
regarding  a  wonderful  saving  of  time  in  calculations,  to  be  ob- 
tained by  the  adopticm  of  the  metric  system. 

The  Foreign  Trade  Argument, 

Tii.  Ai3  a  matter  of  public  policy  the  only  view  of  this  question 
which  is  of  any  moment^  is  that  which  asserts  that  the  adoption 
of  the  metric  system  is  necessary  in  the  interests  of  foreign  trade. 
If  this  view  were  true  as  a  general  proposition^ — which  I  shall 
show  it  is  not^ — it  would  still  be  no  sufficient  reason  for  govern- 
mental action.  There  are  a  few  parts  of  one  line  of  machines 
which  it  is  important  to  have  made  in  aceordauce  with  the  pystemj 
of  measurements  employed  by  the  user.  In  making  such  ma- 
chines for  countries  using  the  metric  system,  onr  manufacturers 
have  adapted  themselves  to  this  fact,  and  if  they  are  half  as 
astute  as  we  all  bebeve  them  to  be,  they  may  be  depended  upon 
to  so  continue.  A  manufacturer  is  certainly  in  far  closer  touch 
with  his  customers  than  any  government  can  be,  and  this  subject, 
w^hich  is  so  interwoven  with  all  business  interests,  is  the  last  one 
in  which  what  has  been  called  "  the  clumsy  hand  of  legislation  " 
should  interfere, 

Y7*  In  the  appendix  I  have  shown  huw  and  why  the  machine- 
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IniilJing  indtietry  is  the  fonndation  indii&try  of  modern  life,  aud 
F€arT\^n|g:  the  simile  still  farther,  the  luac^hino  tool-biiilding  iinhistrv 

the  footing  course  of  the  foundation.  It  is  by  these  machines 
that  all  maehines— inchiding  theanselves — are  made.  In  this  dia- 
tiiietiou  they  stand  apart  from  all  other  products  of  hiiman  skill, 
and  when  one  is  in  a  machine  tool-buihling  shop,  he  may  be  very 
sure  that  he  is  witnessing  the  primal  industry  of  our  time.  This 
is  the  absr>lnte  zero  of  modern  industry, 

The  man  who  buys  machines  of  this  class  does  so  ia  order  to 
make  other  machines.  By  them  all  parts  of  all  machines  are 
made  to  the  required  size. 

If  this  assertion  that  export  trade  reqnircs  the  adoption  of  the 
metric  system  were  true  at  all,  it  wonld^  for  this  reason,  be  doubly 
true  in  connection  with  maeliine  tools.  What,  however,  are  the 
facts?  Of  all  the  developmentg  of  our  export  trade  in  the  last 
half-dozen  years,  none  has  lieeu  more  pronounced  than  in  thia 
claf^a  of  maehinesi.  In  number  and  variety  those  sent  abroad 
hare  boon  legion,  and  of  all  conntricii  of  the  world  Germany  has 
been  our  best  customer,  with  France  not  far  in  the  rear.  I  have 
made  it  my  humness  to  inquire  how  many  and  what  changes  ma- 
chine tool-builders  have  fonnd  called  for  by  their  foreign  cus' 
tomerSj,  and  the  ansiver  settles  this  contention.  I  have  said  in  the 
appendix  that  one  of  the  Cincinnati  milhng  machines  contains 
18,300  dimensions;  of  these  that  company  has  found  occasion  to 
make  two  to  metric  dimensions^  these  being  the  pitches  of  the 
traversing  and  elevating  screws  of  the  milling  machine  table. 
These  two  screws  are  distinctly  measuring  screws^  and  the  need 
rif  their  being  made  to  metric  pitches  is  obvious  to  any  mechanic. 
The  lead  screw  of  lathes  is  a  similar  measnriug  screw,  and  this 
likewise  in  many— though  by  no  means  all  cases — must,  when 
sent  to  metric-system  countries*  be  made  to  metric  pitch,  TAeM 
thfme  mrmm  etmtprim  nU  th4i  parte  of  ihs  hundreds  of  parts  qf 
ih<^  ffimfmr/ifh  of  mffehuie  tooh  ftmit  ahrood  thni  kttv^  needed 
elfffn//e*  while  in  steam  engines,  mining,  agTictilturalj  and  other 
lines  of  machinery  no  changes  whatever  have  been  called  for* 


*  Tlib  should  be  understood  aa  meaning  that  these  are  all  of  the  ehangea  that 
I  have  been  able  to  find.  No  doubt  there  are,  here  and  Ihere^  in  machine  toolsj 
adjtistjnj^  screws  analogous  to  iho&e  named  whicli  hAve  needed  ehanging,  but 
the  e^aential  fact  is  that  the  changes  have  been  absolutely  infiniteaimsl^  and  thati 
so  far  as  general  construction  ib  concerned,  no  ehangea  whatever  have  been 
needed. 
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78.  That  tliere  may  be  no  po.*i^il>]e  doubt  about  the  f  act^  being  as 
stated  J I  refer  to  the  action  of  the  Clevehind  (October,  1902)  Con- 
\'cntion  of  the  Kational  Machine  Tool  Builders'  Assoeiation,  which 
condemned  the  bill  now  before  CongresSj  among  other  reaaone 

Because  the  sale  of  many  million  dollars'  worth  of  machine  tools  hm  been 
made  abroad  by  members  of  this  association,  especially  to  France  and  Germany, 
withotit  requii^meDt  or  request  by  the  purehaaers  for  changes  in  general  const njo- 
lion  tn  conforin  to  metric  measurements,  the  only  changes  being  in  adjusting  and 
measuring  screws,  the  great  majority  of  machines  needing  no  chants  whatever." 


Further  confirmation  of  these  faets  is  found  in  the  letter  bj 
M.  Benet,  of  Hotchkiss  &  Cie,  Parisj  of  which  jwrtions  have 
already  been  given.    He  savtj : 

PracticaUy  the  question  has  no  personal  interest  for  me,  as  we  of  course  work 
in  our  own  shops  to  the  metric  system,  and  this  has  in  no  way  prevented  ys  from 
doing  a  large  business  with  the  Governments  of  the  United  States,  England, 
Russia,  and  other  countries.  We  are  using  a  ver>'  large  amount  of  American 
mftchinery  i^j  our  worktj,  and  the  fact  tJiat  this  wa#  all  built  t-o  English  measvirea 
has  given  no  djflfietilty.  Of  course  the  leading  and  cross  feed  screws  are  supplied 
to  metric  pitch,  bt^t,  M  you  say^  this  involves  two  dimensions  out  of  the  many 
thousands  that  enter  into  the  drawings  of  a  machine.  All  of  the  newer  and  niost 
up-to-date  establishments  in  France,  including  all  of  the  Government  establish- 
ments, are  largely  equipped  with  Anieriean  inachiner>',  and  I  know  of  no  ease 
where  the  fact  of  the  machines  being  built  to  English  measures  affected  their  sale 
ability. 

1  belie ^re  thai  the  passage  of  the  proposed  bill  will  be  the  cause  of  much  loss  of 
accumulated  wealth,  of  ranch  confusion,  and  that  the  adoption  of  the  metric  sys- 
tem will  in  no  way  affect  the  trade  of  the  United  States  for  the  better* 


I  have  one  fact  to  add  which  is  still  more  striking.  The  Chand- 
ler &  Taylor  Company,  of  Indianapolis,  buUd  saw-inilla,  which 
they  export  largely,  ba%nng  specially  large  markets  in  Central 
and  South  America — -metric  using  countries,  according  to  our 
friends  of  the  other  side— and  for  whom  Chandler  &  Taylor  have 
issued  a  Spanish  catalogue*  A  saw-mill  has  a  feed  works  com* 
posed  of  leverSj  gears,  etc.,  by  which  the  log  is  fed  f o-rward  after 
each  eutj  and  by  this  gear  the  thickness  of  the  hoards  is  deter* 
niined,_  this  feed  gear  being  regularly  made  to  cut  the  boards  to 
English  dimensions  Six  years  ago  the  Chandler  &  Taylor  Com- 
pany inserted  in  their  Spanish  catalogue  a  statement  that^  on  re- 
quest and  without  extra  charge^  they  would  make  this  gear  to  cut 
the  boards  to  metric  dimensions,  but^  unless  otherwise  specified, 
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they  WDuld  furnisli  the  Euglisli  gear,  and  up  to  last  April  not  one 
inquiry  or  request  for  the  luctric  gear  had  come  in, 

70.  Tlw  statemctit  that  goody  must  be  made  to  metric  dimemiom 
in  order  to  sell  in  metric  countries  is  as  broad  as  it  is  long  It 
simply  asserts  that  in  order  to  sell,  goods  must  be  made  in  accord- 
ance with  the  system  of  measurements  used  by  the  purchaser, 
and  from  it  it  follows  that  in  order  to  sell  here,  goods  must  be 
made  in  accordance  with  the  English  system*  What,  however^ 
are  the  facts  ?  i  or  forty  years  the  Sellers^  injector  has  been  made 
to  metric  dimensions  (excepting  always  the  screw  threads),  and 
no  one  was  ever  heard  to  object  to  it  on  that  account*  There  are  a 
do^en  other  American  makers  of  injectors,  all  of  whom,  I  beheve, 
use  the  EngHsh  system,  and  no  one  can  say  that  at  least  some  of 
them  do  not  make  good  injectors,  A  purchaser  who  objects  to 
the  metric  dimensions  of  the  Sellers  instrument  can  certainly 
satisfy  his  wants  elsewhere,  but  I  am  not  aware  that  any  one  has 
ever  been  heard  to  raise  the  objection. 

We  may,  however,  take  a  broader  view  of  the  matter.  From 
the  Atmdhhj  Summary  ftf  Commerce  and  ^^Inaru^e^  published  by 
the  Treasury  Department,  1  learn  that  during  the  year  ending 
June  30th  last  there  were  imported  into  this  country  $480j000,- 
DOO  worth  of  manufactured  and  semi-manufactured  goods,  which 
sum  does  not  include  $265,000,000  worth  of  ^'  articles  of  volun- 
tary use,  luxuries,"  etc.,  some  of  which  were  probably  manuiac- 
tured. 

80.  Accordinpt  to  our  metric  friends  all  of  these  goods,  except 
those  from  England  and  her  colonies,  are  from  metric  countries, 
and  perforce  must  \w  uifitle  in  aeconlaucp  with  the  metric  system. 
I  am  unable  to  determine  the  percentage  of  metric  goods  from 
the  tables  given,  but  did  any  one  ever  hear  of  a  single  instance 
in  which  such  goods  were  objected  to  because  they  were  not  made 
in  accordance  with  the  English  system? 

In  buying  a  machine,  for  example,  the  customer  needs  to  know 
certain  facts,  and  these  facts  should  be  given  him  in  language 
he  can  understand.  Among  such  facts  are  the  weight,  the  length, 
width,  height,  and  the  capacity.  If  the  machine  is  a  planer, 
ior  example,  the  customer  must  be  told  the  largest  size  o£  work 
which  it  wnll  do,  as  Tvell  as  its  weight  and  o%^er  all  dimensions^ 
in  his  own  langrtage,  which  includes  his  system  of  weights  and 
measurements.  To  give  such  facts  in  the  metric  system  no  more 
involves  the  adoption  of  the  system  than  the  furnishing  of  a 
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catalogue  in  the  German  language  involves  the  adoption  of  that 
language.  That  the  foreign  customer  ahoiild  care  whether  the 
working  parts — the  shaftss,  the  gears,  the  levers,  etc. — are  made 
to  metric  dimetLBions  or  not  is  ridiculous.  Machines  are  sold  hy 
their  opera  ting  qualities,  the  price,  and  the  time  of  delivery,  and 
not  hy  the  fact  that  a  certain  shaft  is  25  millimetres  in  diameter 
instead  of  1  inch, 

81,  Just  as  tlje  idea  of  using  metric  equivalents  fur  exiting  di- 
mensions has  misled  many  mccbanic?,  so  this  need  of  the  foreign 
purchaser  for  stieh  information  in  units  with  which  he  is  familiar 
has  mish>d  many  commercial  men.  They  imagine  that  because 
a  fi^reign  buyer  needs  such  leading  weights  and  measurements  as 
would  be  given  in  a  speeificaiion  or  in  a  letter  describing  the 
article  offered  for  sale  in  metric  units,  that  therefore  it  is  neces- 
sary to  adopt  the  metric  sy*^tcm  in  factory  operations.  The  use  of 
metric  units  in  this  descriptive  or  specification  way  when  writing 
to  a  prospective  German  customer,  for  example,  is  exactly  analo- 
p:ous  to  use  of  the  Gennan  languapre  under  the  same  circumstances. 
Both  serve  to  put  the  information  which  the  customer  wants  in 
terms  which  he  can  readily  understand. 

At  his  notable  inaugural  address  as  rector  of  St,  Andrew's  TJni- 
Tersity,  Scotia ndj  Mr.  Andrew  Carnegie  urged  upon  the  nations 
of  Europe  the  necessity  of  an  alliance  against  this  country,  and 
trdd  them  bluntly  that  unless  they  ngreed  to  something  of  this 
kind,  all  they  could  look  forward  to  was  to 

Revolve  like  so  many  Lilliputians  around  this  fi^iant  GtiMiver,  the  American 
I'tuon . 

Can  Europe,  as  long  as  she  remains  divided  into  hostile  eamps,  ever  hope  to 
conquer  fonngn  markets  or  even  to  repel  the  Ameriean  mvaaion?     Never. 

Amerit-a  now  makes  more  steel  than  all  the  rest  of  I  he  world*  In  iron  and 
coal  her  prcKluetion  is  greatest,  and  it  is  also  so  in  textiles.  She  produces  three- 
quarters  of  the  world's  cotton.  The  value  of  her  manufaetures  is  about  triple 
that  of  your  own*  Her  exports  are  grt^ater,  and  the  clearing-house  exchatigei 
at  New  York  are  ahriost  double  thoi^  of  London. 


If  the  metric  system  is  neeeasary  in  the  interesta  of  foreign 
trade,  as  the  metric  advocmtes  assert,  why  has  thi?  *^  American  in- 
vasion ■ '  made  i^nch  progress  in  th(^  crmtinent  of  Europe  ?  Why 
\mvo  our  exports  of  manitfaetiired  goods  increased  during  the  past 
half-do5ten  years  at  a  rate  which  is  unexampled  in  the  history  of  tlie 
world  I 
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Aiialyma  of  ike  Bill. 

82.  Following  i:^  thf  text  of  the  bill  as  rejxifted  to  x\\v  lluii.so  of 
RepreseutatiTCs  by  the  Coiimiittee  on  Coinage,  Weiglits  and 
Measures** 

Be  it  tnatled  htf  ihs  SenaU  ami  Houae  of  Represenittiivt»  of  the  Vniied  SiaU'R  of 
Am^rtm  m  Ci*ti^es»  m^emhled,  Tiiat  on  and  after  tlie  first  day  of  .Iaii\ian%  jiiue- 
teeo  hundred  arid  four,  all  the  Dfparlments  of  the  Gov^mmetil  of  the  United 
States,  in  the  trausaetion  of  all  buBinea**  requiring  the  nsi>  of  weiglit  and  nieasure- 
ment,  except  in  compliHitig  th»^  survey  of  public  lands,  shal!  employ  and  us**  only 
the  weights  and  measures  of  the  mctrie  system ;  and  on  and  aft^r  the  first  day  of 
January,  ninet4?eu  hundred  and  B*'\'en,  the  weights  and  nieaaiirt^s  of  the  niolric 
a>'Sit-CMi  shall  be  the  legal  standard  weights  and  measures  of  and  in  the  United 
States. 


The  Attorney-General  has  given  it  as  liis  opinion  that  the  temia 
of  the  bill  do  not  make  tlie  use  of  the  ^vBteui  eompiilsovy  In  general 
business  transactions,  and  the  tlnniglitless  may,  therefore,  eonehide 
that  there  is  no  eau^e  for  ahirm. 

No  one  can  read  the  pamphlet  to  whieh  I  have  referred  so  often 
without  seeing  behind  this  whole?  movement  the  spirit  of  compul- 
sion, 

83.  Tluiji  afti'r  ^li\  (^hristie  had  (h'prreatefl  eom]niUioiu  ilr. 
Shatfrofii  ?^aid  (page  8)  :  **  I  will  s^tate  that  it  is  about  the  only  way  it 
has  been  introduced,  (lerniany  adopted  it  by  compulsory  stat* 
ute  of  the  Keichstag,  and  T  do  not  see  Imw  yon  can  do  it  any 
other  way.'-  (And  he  \vn»  qnit(^  right, )  Again  Dr,  St  rat  ton 
(page  153)  was  asked  by  Mr.  Gaines:  "You  would  make  the  law 
eompulaory? '•  to  wlntdi  he  replied  (itnlieft  mine):  ^^  Tttai  would 
depend  upan  ih^  thae  allowed  for  H^  adopt  ion  j- 

Here  is  tliis  great  mass  of  testimony,  of  wliich  the  overwhelm- 
ing apparent  preponderance  is  to  the  effect  that  the  people  want 
tills  system.  So  far  as  producing  any  real  adoption  of  the  sya- 
tem^  the  bill  will,  of  course,  prove  absolutely  abortive.  What 
then!  What  more  natural  than  that  this  thing,  which  by  the 
record  the  people  want^  shall  be  made  compulsory  after  gentler 
means  have  failed  to  accomplish  what  the  people  desire?  This  has 
been  the  history  of  metric  legislation  everyvidiere.  The  diiHeulty 
of  the  change  has  been  ridiculously  underestimated,  and  law  after 


*  The  text  as  given  is  from  the  Journal  of  the  Western  Society  of  Engineers  for 
list,  1^2, 
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law  has  been  passed  to  make  previous  laws  effective.*  The  in- 
clusion of  English  yarn  counts  in  the  German  tariff  schedule,  of 
which  particulars  have  been  given,  represents  the  defeat  of  an 
attempt  to  make  previous  laws  effective  by  compelling  the  ex- 
clusive use  of  the  metric  system  in  German  textile  industries. 
The  interests  adversely  affected  made  such  an  outcry  as  to  defeat 
the  bill  as  originally  drawn. 

84.  The  article  by  M.  Lamoitier,  from  which  extracts  have  been 
given  in  the  section  relating  to  the  persistence  of  old  units  in 
France,  closes  with  a  strong  appeal  for  another  law  to  compel  the 
use  of  the  system  in  French  textile  industries.  And  this  in  France 
after  a  century  of  the  metric  system!  He  has,  it  may  be  added, 
the  same  cheerful  confidence  in  the  sufficiency  of  one  more  law  to 
accomplish  the  purpose  that  our  metric  advocates  have  in  the  suf- 
ficiency of  the  bill  now  before  Congress  to  bring  about  this  great 
change  among  us  in  from  three  to  five  years. 

The  fact  that,  as  regards  those  who  do  business  with  the  gov- 
ernment, the  bill  is  already  a  compulsory  measure  is  enlarged  upon 
in  the  reply  of  Mr.  Southard's  contribution  to  the  discussion. 

The  scientific  method  has  demonstrated  beyond  the  possibility 
of  a  doubt  that  changing  a  people's  system  of  weights  and  meas- 
ures is  a  matter  of  mountainous  difficulty  and  of  endless  confu- 
sion. It  is  time  that  the  American  people  and  the  American 
Congress  learned  this  fact.  If  we  keep  silent  now  our  voice  can 
have  little  weight  later.  Now  is  the  time  to  speak  if  we  are  to 
speak  with  any  effect. 

It  is  not  easy  for  a  layman  to  determine  the  meaning  of  the 
term  legal  standard.  Judgi;ig  by  the  words  of  those  who  ought 
to  know  (for  example,  Mr.  Shaffroth,  page  110),  the  phrase  means 
that  after  January  1,  1907,  the  metric  system  is  to  be  used  in  all 
actions-at-law  into  which  weights  and  measures  enter. 

85.  As  I  have  said,  the  effect  of  tlie  bill,  so  far  as  any  real  adop- 
tion of  the  system  is  concerned,  is  certain  to  bo  abortive,  and  its  real 
effect,  so  far  as  the  general  public  is  concerned,  will  be  to  compel 
the  use  in  actions-at-law  of  a  system  of  weights  and  measures 
with  which  neither  witnesses,  jur^Tnen,  lawyers,  nor  judges  mil 
be  familiar. 

As  regards  the  adoption  of  the  system  in  the  Government  busi- 
ness, it  is  uncertain  what  is  meant  by  it,  except  that  the  metric 

♦  See  Mr.  Colles's  paper,  vol.  xviii.,  p.  492,  of  the  Transactions. 
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advocates  are  determined  that  all  Govenmient  purchases  shall 
Lear  the  me  trie  label  If  this  provision  of  the  bill  means  that 
Government  purchases  of  macliinery  are  to  Be  made  in  good  faith 
to  the  metric  system,  as  that  term  is  understood  in  France  and 
Germany,  then  in  many  lines  the  Government  will  go  without 
machinery  altogether,  and  it  will  pay  exorbitant  prices  in  others. 
If,  under  the  stress  of  these  circumstances^  enforcement  of  the 
law  is  relaxed  J  and  we  do  with  the  Government  as  we  now  do  with 
foreign  enstomers — ^give  the  weight,  over  all  dimensions*  swing 
and  extreme  length  of  work  a  lathe  wilt  take  in,  for  example — and 
call  that  the  adoption  of  Ow  metric  syslem,  then  the  Government 
will  be  the  manager  and  the  Government  officials  the  actors  in 
the  greatest  farce-comedy  of  recent  years. 

86.  That  the  metric  j^ysteni  can  become  our  real  factory  system 
of  production  within  any  reasonablo  time  the  experience  of  other 
coimtries  abundantly  proves  to  be  impossiblej  and  the  requirement 
that  the  system  be  used  in  all  Govermnent  work  can  do  nothing 
more  than  to  force  the  adoption  of  a  special  system  for  that  work; 
in  other  words,  and  in  the  name  of  simplificationj  compel  the  use 
of  two  systems  where  we  now  have  one. 

In  conclusion,  the  skies  are  black  enoughj  but  there  is  never- 
theless one  bright,  particular  star  which  no  cloud  can  hide— this 
metric  programme  is  hopelessly  impossible.  Germany  ia  held  up 
to  US  as  our  great  exemplar,  hut  the  example  counts  for  nothing. 
When  the  German  Empire  was  formed  the  various  States  had 
each  its  own  units,  which  still  survive^  as  has  been  pointed  out- 
The  necessity  of  getting  rid  of  such  a  condition  of  things  was 
obvious.  State  jealousy  made  the  adoption  of  the  system  of  any 
one  State  impossible,  and,  as  the  only  way  out^  the  country  turned 
to  the  metre.  German fj  mjopied  the  metre  in  order  to  do  a-way 
with  confumon;    our  adoptiori  of  it  will  only  make  €07ifnmon* 

The  facts  are  thus  expresseil  by  M*  de  L^Espfe,  who  has  already 


♦The  same  ooTidition  of  a  miiltipUrity  of  units  ^'nn-ing  with  every  distriet  and 
i^vtm  town,  wns  what  li^d  to  the  original  invention  of  the  system  in  France j  as 
Mr.  BidVs  Itf^ttrr,  paragraph  34,  has  shown  the  same  to  be  true  of  Spain,  Through- 
out the  kngth  and  breadth  of  the  United  States  and  of  the  British  Empire,  there  is 
not  ami  never  ha&  Iwen  Any  comparable  «'ondition.  The  reason  "which  lias  led  to  tha 
ehaag*'  els^pwliere  i*s  here  lacking;  the  uniformity  whifh  it  was  elsewhere  hoped  it 
might  5fH'tiri%  it  will  here  di^stroy.  The  reasons  whieh  havna  led  other  nations 
ttf*  adnpt  it  nre  cTcactlv  the  reasons  which  ahould  lead  the  Anglo-Saxon  nationt  to 
iv^  nothing  to  do  with  it- 
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been  quoted  in  connection  with  the  conditions  prevailing  in  France 
and  Brazil : 

"The  third  advantage  of  the  system,  viz.,  the  substitution  of  a  uniform,  un- 
changeable standard  for  the  endless  confusion  of  standards  that  prevailed  in 
France  and  in  other  countries  prior  to  its  adoption,  is  well  known  to  have  been 
the  main  cause  for  its  creation. 

"  It  is  not  necessary  here,  as  was  the  case  with  France  a  century  ago,  to  intro- 
duce order  and  uniformity  in  an  inextricable  confusion  of  provincial  standards. 
There  is  as  full,  complete,  scientific  and  uniform  a  system  in  existence  as  could  be 
wished  for :  the  foot,  the  pound,  the  acre  used  in  Liverpool,  are  identical  with 
the  foot,  the  pound  or  the  acre  used  in  New  York  or  San  Francisco.  Thus  the 
advantage  of  uniformity  which  France,  Germany,  Brazil,  etc.,  could  not  secure 
until  they  had  adopted  the  metric  system,  has  already  been  secured  here  under 
the  present  system,  and  this  all-important  reason  in  favor  of  a  change  is  lacking." 

87.  Every  such  condition  favored  the  change  in  Germany ;  every 
such  condition  opposes  it  here.  We  have  seen  a  little  of  the  task 
which  the  system  has  laid  on  Germany,  but  that  task  is  as  noth- 
ing compared  with  ours.  Comparison  between  the  development 
of  German  industries  thirty  years  ago  and  our  own  day  there  is 
none,  and  every  added  industry,  every  mill,  every  machine,  every 
material  thing  we  have,  is  another  kedge  anchor  to  the  inch. 
These  people  may  legislate  till  doomsday,  they  may  make  infinite 
confusion,  endless  turmoil,  limitless  sacrifice,  but  move  the  Eng- 
lish inch? — the  Archimedian  lever  is  still  unknown. 


APPENDIX. 

Of  the  Fundamental  Importance  of  the  Machlne-huilding  Industry 
in  Modern  life  and  of  the  Incompetence  of  Certain  Testimony, 

^S.  This  argument  is  a  growth  of  twenty  years.  When  a  student 
I  had  the  great  good  fortune  to  do  a  little  work  on  the  first  stand- 
ard measuring  machine  made  in  this  country.  In  connection 
with  that  I  obtained  a  little  insight  into  what  this  subject  of 
measurements  means,  and  the  profound  interest  thus  excited  has 
continued.  The  subject  and  its  ramifications  are  boundless. 
This  paper  is  but  a  pin-scratch  upon  its  surface.  Weights  and 
measures  are  the  warp  and  woof  of  our  industrial  life.  To  change 
them  without  destroying  the  fabric  which  they  compose  is  hope- 
less. 


THE  METHIC    SYSTKM, 


461 


Kext  to  languBge,  weights  and  measures  are  the  most  funda- 
mental of  our  possessions.  All  kno%vledgc  is  comparative,  and 
comparison  u  impossible^  except  through  the  use  of  weights  anil 
measures^.  Take  away  our  measures  of  length,  of  weight,  of 
capacity,  of  value,  and  of  timej  and  no  life  beyond  that  of  the 
most  primitive  savage  is  possible.  With  this  fundamental  nature 
goea  a  eorresponditig  difficulty  of  change — a  difficulty  which, 
there  is  abundant  proof,  is  only  equalled  by  the  difficulty  of 
changing  language  itself*  Practically  both  are  upon  a  par,  for 
I  believe  it  to  be  just  as  impoasible  for  this  people  to  change  its 
weights  and  measures  as  to  change  its  language.  No  nation  in 
modern  times  has  ever  gotten  rid  of  an  old  system,  as  my  argu- 
ment has  shown  for  the  cases  of  France  and  Germany* 

HIL  A^  my  arirunient  relatps^  ehieily  to  meosures  of  lengtli  as  n^pil 
in  machine  construction^  it  is  important  to  explain  the  different 
bases  upon  which  measures  of  length  and  other  measures  stand. 
The  simplicity,  universality,  and  cheapness  of  coramercial  meas- 
ures of  capacity  and  of  weight  arc  obvious  to  alL  The  gallon 
measure  and  the  counter  and  platform  scales  of  the  grocer  cost 
hut  little,  while  they  weigh  and  measure  all  his  commodities, 
except  those  sold  by  count.  Contrasted  with  this,  commercial 
measures  of  length  as  used  in  the  machine  shop  are  numbered 
by  the  hundred  and  by  the  thousand,  and  are  of  a  far  higher 
degree  of  precision  than  measures  of  weight  and  of  capacity. 
There  is  no  reason  why  every  gallon  of  molasses  should  be  the 
same-^to  the  last  drop — as  every  other  gallon,  and  there  is  no 
reason  why  the  weight  of  a  barrel  of  flour  sihnnld  agree,  tr»  the 
IrtJ^t  fraction  of  a  scruple,  with  every  other  barreL  l^reeision  in 
these  things  is  merely  a  commercial  matter,  and  the  commodities 
have  not  enougli  value  to  justify  the  cost  of  minute  accuracy  in 
measuring  them, 

tUI,  In  fhe  c«8e  of  mea!*un*s  of  h*ngth  in  thr  ma(diine  shop  a  now 
element  enters.  We  do  not  make  a  given  piece  of  a  machine  to 
a  precke  blkc,  because  we  fear  the  customer  will  get  more  in»n 
or  steel  than  he  pays  for,  or  for  fear  he  will  complain  if  we  do 
not  give  him  all  he  pays  for.  We  make  it  to  precise  size  in  order 
that  all  similar  pieces  may  he  alike*  The  feature  of  interchange- 
ability,  wliich  is  a  necessity  of  economical  maniifaetnre,  compels 
these  measures  to  be  made  vath  a  degree  of  precision  to  which 
there  is  no  parallel  in  conimeree  elsewhere.  A  thousandth  of  nn 
inch  of  error  represents  a  very  comjuon  degree  of  accuracy,  and 
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00  work  which  does  not  corae  within  a  quarter  of  a  thousandth 
can  be  called  precise.  A  tenth  of  a  thousandth  is  sometimes  seeo, 
while  standard  gauges  are  guaranteed  to  be  correct  within  a 
fiftieth  of  a  thousandth  of  an  ineh. 

It  is  thus  clear  that,  commercially  speaking,  uieasures  of 
leui^th  are  in  a  class  by  theuiselves,  for  not  only  is  such  pre- 
cision unknown  elsewhere  in  commerce,  but  such  results  involve 
a  degree  of  refinenicut  and  cost  in  measuring  instruments  which 
also  are  unknown  elsewhere.  Moreover,  unlike  the  scales  and 
measnre-s  of  capacity,  instruments  for  uumsnriug  length  are  not 
so  nearly  universal,  but  must  Ije  made  in  variety  and  in  numbers 
of  which  the  public-at-large  has  no  conception, 

91.  This  phase  of  the  subject  has,  however,  afar  witler applica- 
tion than  to  the  maclnne  shojn  Thisisthemecdianieal  age.  With- 
out machinery  is  nothing  made  that  is  made.  The  machine 
buihling  industry  is  the  foundation  industry  of  modern  life- 
Were  Tubal  Cain  to  return  to  earth  to-day,  he  would  be  a  ma- 
chiuistj  and  not  a  Idaeksmith.  The  textile  arts,  the  lumber  in- 
dustrVj  pottery  and  gkissware  making,  mining,  metallurgy,  the 
making  of  our  books  and  pajiers,  and  even  agriculture,  are  to-day 
carried  on  by  the  aid  of  products  of  the  nuu-liine  sliop.  The 
siiine  is  true  of  tniusi>ortation.  The  railroad  is  but  the  child  of 
that  magnificent  machine,  the  locomotive.  It  could  not  be  buUt 
without  the  contractor's  plant  of  machinery,  nor  could  its  rails  be 
made  but  for  the  rolling-mill,  which  was  made  in  a  machine 
fihop.  The  steamship^  whether  commercial  or  naval,  is  but  an 
aggregation  of  machinery  and  mechanical  products,  while  the 
implements  of  war  have  been  revolutiunizetl  again  and  again  by 

'the  machine  shop.  Oar  homes  and  their  furnishings,  onr  clotli- 
ing,  our  fueV,  the  very  foo*l  we  eat,  tell  the  same  story,  wliile 
the  water  we  drink,  and  tln^  gas  or  electricity  which  turns  niglit 
into  day,  come  to  us  through  the  water  works,  the  gas  works, 
and  the  electric  generating  station.  About  the  only  necessity  or 
luxury  of  life  which  does  not  come  to  ns  through  the  aid  of 
machinery  is  the  air  we  bre^T,the.  That  is  the  one  raw  material 
of  nature  which  does  not  need  the  magic  touch  of  machinery  to 
fit  it  for  the  use  of  man. 

92.  The  meaning  of  all  this,  and  the  point  to  which  I  am  lead- 
ing up,  are  very  simple  and  very  plain—namely,  that  to  cripple  the 
machine  shop  is  to  cripple  every  other  industry  under  the  sun, 
and  to  defend  the  machine  shop,  diin^ctly,  is  to  defend,  indi- 
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recti  J,  e?ery  industry  by  wbich  tlie  American  people  thrivej  and 
prosper,  and  earn  their  daily  bread.  It  is  to  defend  even  those 
industries  whoso  representatives  go  to  Washington  and  declare 
that  they  want  tins  thing;  for  I  want  to  say  that  when  these 
men  go  there,  and  in  their  mistaken .  zeal  seek  t<:>  enicify  the 
English  system  of  weights  and  measures,  they  simply  know  not 
w*hat  they  do. 

There  are  many  industries  in  which  ineasuremonts  ]>lay  a  sub- 
ordinate part.  We  may  buy  a  shipload  of  grain  by  specifying 
the  number  of  bushels,  or  of  pig-iron,  or  of  coal,  by  naming  tlie 
number  of  tons.  But  when  we  buy  a  mad  line  we  l>uy  measure- 
ments by  the  hundred.  The  Cincinnati  Milling  Machine  Com- 
pany inform  me  that  one  of  their  inedium-sized  milhng  machines^ 
selling  for  $ti50,  contains,  including  the  pattern  work,  18,*i00 
dimensions — that  is,  a  little  over  28  dimensions  for  each  dollar 
of  value.  Of  these,  the  majority  probably  retjuire  to  bo  correct 
to  the  thousandth  of  an  inch,  and  many  of  them  to  a  much  higher 
degi^ee  of  preckion  than  that.  I  think  this  illustration  will  make 
it  plain  why  this  matter  is  of  such  mometitous  im]K>rtauce  to  the 
machine  building  industry,  and  why  this  society  should  be  united 
in  this  matter. 

In  this  connection  I  quote  the  following  paragraph  from  a 
speech  by  Senator  Piatt  of  Connecticut: 

All  history  confirms  us  m  the  conelusioo  that  H  is  the  development,  by  the 
mechanjc  arts,  of  the  industries  of  a  country  which  brings  to  it  greatneag  ood 
powor  and  glory.  No  purely  agricultural^  pastoral  people  ever  achic%'ed  any  high 
gtaiiding  among  the  nationa  of  tFie  earth.  It  is  only  when  the  brain  evoh^es 
and  th«  cunning  hand  fashions  lal>or-saving  machines  that  a  nation  begins  to 
throb  with  new  energy  and  life  and  expands  with  a  new  growth. 


Qf  tlie  Ifwmtipetence  of  VcHmn  Tesiimmiy. 


IK3.  Much  of  tlie  testimony  offei'ed  at  Washington  has  no 
fiigtiiticanoe  whatever.  The  mere  '*  It's  a  good  thing,  pnsh 
it  along,"  of  some  commercial  man,  even  of  the  most 
exalted  station,  should  have  no  weighty  for  he  can  have 
no  knowledge  of  constructive  measurements.  Xor  should 
the  testimony  of  scientific  enthusiasts,  who  are  captivated 
by  the  nicety  of  tiie  thing.  Thh  w  in  no  sense  an  aca- 
rlemie  qff^dlun*     The  industrial  use  of  measurements  is  in   the 
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making  of  things,  and  henca  this  is  a  factory  question, 
and  not  a  laboratory  or  a  study  question  at  all.  There  is, 
however,  one  class  of  testijuony  which  deserves  fuller  notice 
— ^that  of  many  engineers  and  engineering  societi^  who  endorse 
this  InlL  It  niay  well  he  asked  why  the  views  of  these  engineers 
are  not  entitled  to  as  much  res]>ect  as  our  own.  These  nien  are 
chiefly  civil  engineers,  and  tlieir  societies  are  chiefly  civil  engi- 
neering stKnoties*  Except  for  the  Franklin  Institute — wiiose 
niet*lianieal  section  is  hut  one  of  many — ^no  mechanical  engineer* 
ing  society  has,  I  l>elievej  endorsed  this  measure.  It  may  still 
be  asked  why  civil  engineers  are  not  entitletl  to  their  views  as 
well  as  we.  lliey  art-^  regardlmj  their  own  imiU^  but  not  regard- 
ing ours.  Civil  engineers  deal  with  constructive  measurements, 
but  a  characteristic  of  their  work  is  that  each  piece  of  it,  be  it 
bridge,  canal,  or  dam^  is  complete  in  itself,  designed  and  built  for 
its  place  and  work,  and  in  its  measurements  has  little  to  connect 
it  with  the  past  or  future.  There  are,  liowever,  two  classes  of 
measurements  which  ai*e  esj^ecially  within  the  province  of  the 
civil  engineer^land  and  angular  measurements,  of  which  the 
fomaer  are  expressly  exempted  from  the  oiseration  of  this  bill. 
Angular  moiisurements  are  also  within  the  si>eeial  pnivisions  of 
the  American  and  Canadian  astronomers,  the  superintendent  of 
the  coast  survey,  and  the  Americiiu  astronomical  instrument 
maker^  who  testified  before  the  House  committee  in  favor  of  the 
biU-  The^e  gentlemen  are  distinguished  men,  ?fo  one  honors 
their  achievements  more  highly  than  I,  but  that  does  not  change 
the  facts  about  their  testimony, 

94.  Our  angular  measurements  are  as  illogical  ss  any.  It  is 
just  Jis  illogical  to  divide  the  quadrant  into  1*0  degrecjs,  and  each 
degree  into  60  minutes,  as  to  diride  the  [xiund  into  Iti  ounces,  or 
the  foot  into  12  inches.  An  integnd  part  of  the  metric  system 
in  its  entirety  is  a  new  system  of  angular  measurenieuts,  in 
which  the  quadrant  is  dividal  into  1<>U  degrees,  and  eacli  degree 
into  100  minutes. 

95,  We  heiir  no  call  from  civil  engineers  for  a  new  set  of  units 
of  land  measure.  Why  ?  Because  in  hmd  measure  it  is  too  plain 
to  l>e  overlooked  that "'  measures  of  length  are  tie^l  irrevocaldy  to 
the  jiast ''  ;  hence  civil  engineers  will  not  have  such  measures 
changed.  We  hear  no  call  from  civil  engineering  or  astronomi- 
cal circles  for  a  new  system  of  angnlar  units.  TiXTiy  ?  Because» 
were  the  change  maile,  not  mi  old  observation  or  record  coulil 
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be  read  in  the  new  units^  nor  a  new  observation  in  the  old  unit®.* 
Meastires  of  angles,  like  tUose  of  length,  are  **tied  irrevocably 
to  the  past/'  and  hence  these  men  will  not  even  consitler  a 
change  in  angular  units.  Their  motives  are  not  to  be  impugned; 
they  see  their  own  side  of  the  shield,  and  do  not  see  ours; 
but,  nevertheless^  until  tiiese  gentlemen  are  prepared  to  accept 
a  change  in  their  own  special  unite,  they  o/ve  estopped  from  urg- 
ing a  change  in  ovrs,  What  a  spectacle  for  g<"ls  ant  I  men  is  a 
civil  engineer,  urging  a  new  set  of  units  which  do  not  include 
those  for  land  and  angular  measurements  ! 

1)0,  How  much  knowledge  does  the  average  commercial  or 
scientific  man  have  of  such  questions  as  the  value  of  a  screw-thread 
standard,  or  the  dilHculty  of  changing  such  a  standard?  If 
he  has  no  knowleilge  of  such  things,  his  opinion  on  this  sub- 
ject has  no  value. 

This  brushing  aside  of  the  testimony  of  commercial  men,  of 
scientific  men,  and  of  civil  engineers,  may  apj^e^r  somewhat  sum- 
mary ^  but  I  believe  the  logic  with  which  it  is  done  to  be  without 
a  flaw. 

It  cannot  be  too  much  emphasized,  that  to  learn  anything  of 
moment  about  industrial  measurements  one  must  go  to  places 
where  sucli  measurements  are  made,  chief  of  which  is  the  machine 
shop, 

Iforeover,  as  I  have  tried  to  show,  this  programme  involves 
heavy  cost  and  siicrifice  to  manufacturing  i n teres ts.  What  right 
have  those  who  have  no  pecuniary  interests,  I  state,  to  force  this 
thing  ujKm  others  who  must  pay  the  cost  ? 

I  can  imagine  no  nu>re  apjjropriate  close  for  this  pa|wr  than 
another  refei'ence  to  Mr.  St  rat  ton  *s  testimony.  Siud  he  (page 
15S) : 

Let  116  take  for  example  the  most  serious  objection  of  aU,  which  is  that  we 
hftve  Ipamed  to  thiak  in  the  old  system  of  weights  aad  measures. 

I)i>e.s  Hr,  Stnitton  seriously  consider  that  the  |'>ersistence  of 
the  ells  in  Continental  Eiu'o}>e,  and  of  \.\iQvara  in  South  ^Vinerioa, 

♦  The  words  of  the  text  apply  without  the  change  of  a  s^'llable  to  ^v^ry  record, 
obeervatioa  and  datum  recortled  in  English  engineering  Ut^^ratun?,  Of  the  vast 
maas  of  recorded  ex^M>ritnental  and  working  data  on  which  the  practiee  of  pni^n- 
eering  rests  there  is  not  an  item  that  can  be  read  in  metres  and  kilogram] ues, 
nor  of  aew  obser rations  in  metres  and  kilogrammt^s  wiU  there  be  an  item  that 
can  be  compared  with  the  old,  except  alter  translation 
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can  be  explained  at  this  late  day  hy  saying  that  the  people  **  have 
learned  to  think  in  the  old  system  "  ?  Can  he  see  nothing  but 
this  in  the  use  of  the  carat  for  weighing  jewels  l>y  people  who^ 
presumaVjly,  use  the  grain  for  every  tiling  else?  Is  it  not  plain  to 
him  by  this  time  that  the  objection  which  to  liim  ai)j)ear8  to  be 
the  "most  serious  of  all,'^  is,  in  reality,  dwai*fed  by  the  fact  that 
"  measures  of  length  are  tied  iri^evocably  to  the  past?  " 


DISCUSSION.* 

Exirmds  from  Leiters. 

From  Charles  E.  Adams,  President^  Massachusetts  StJite  Board 
of  Trade,  Lowellj  Mass. : 

''I  have  read  Mr.  Halsey'a  very  able  and  Interesting  paper,  and  appreciate 
many  of  tht)  difKcultleii  ^ug^ested  in  nnaking  sticji  a  radical  change  where  so  many 
inberfats  are  using^  and  nitii^t  continue  to  use  for  some  time,  the  weights  and 
measures  in  eiistom  thronghout  the  IT'nited  Stat^^  and  Great  Britain* 

"A  careful  reader  of  consular  news  from  all  i>art.a  of  the  world  to  the  Amejican 
and  English  governments,  catmot  fail  to  be  impressed  with  the  fact  that  hoth 


*  The  paper  of  Mr.  Hnlstn-  wa;^  di^t  rihnted  in  advance  of  the  WM^t^ting  to  a  large 
number  of  persons  not  mcn^ljcrs  of  the  Society,  who,  hy  rcas^m  uf  thi'ir  posi- 
tion or  experience  J  wen*  ft- It  to  Im.*  in  a  situation  to  present  eonRideratioiii=r  of  weight 
in  itM  discus,^inri.  Aruong  these  were  persons  intereRtjcd  in  the  manufacture  of 
niacshine  toob  as  builders  or  e:3t porters,  or  both.  The  %T>lurae  of  thcjie  letters  waa 
so  great  that  the  Publication  Conunittee  have  not  felt  justified  in  pubbslung  them 
in  their  entirety,  even  when  contributed  by  members  of  the  Society,  The  origi- 
nals are  on  file  at  the  rooiii?i  of  th^-  Society  for  any  who  may  bo  int.eres?t-cd  in  con- 
Bulting  theni  as  sources  of  information  at  first  hand.  A  sample  of  such  letters  is 
given  below^  and  a  list  appi'iidrd  of  others  which  were  of  practically  the  same 
tenor.  Brief  extracts  from  othcT  lett^i-rs  are  put  at  the  head  of  the  dLwiission  as 
contriliuted  in  writing  and  orally,  in  the  ordinary  forms  of  such  contributi'd 
matter. 

A  paper  prepared  by  Mr.  Edward  P.  Bates,  with  great  care,  has  also  been 
omitted  from  the  discussion  which  treated  in  considerable  fulncHS  of  the  con* 
ncetion  between  the  standard  units  of  the  English  system  and  an  existing  natural 
origin  for  such  units.  The  paper  was  earefiUly  digested  to  prcntrnt  in  compact 
form  the  argun^cnt  ailvaneed  in  "*  A  Miracle  in  Stone"  l>y  Jogcph  A,  Scibs,  D*D, 
14th  Edition,  Philndt^Iplita,  Pa.,  pages  58  to  05  and  245  to  247,  Those  interested 
in  pursuing  this  branch  of  thi'  suhject  further  are  rt^ferred  to  the  original  sources. 

The  sample  k^ttf^r  from  builders  and  c^cportors  of  machine  tools  is  as  follows: 

"  Less  than  one  per  cent,  of  our  total  sales  in  France  and  Germany  call  for 
metric  lead-screws^  and  no  other  part^  are  rcqum^d  to  conform  to  the  metric  meas- 
iirt^ments, 

"  It  is  very  difficult  for  us  to  estinmt*^  the  coat  of  machinery  to  the  Government, 
should  they  demand  that  it  be  made  according  to  the  metric  system.     It  would, 
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nations  are  suffering  a  great  loss  financially  by  ignoring  the  metric  ^jTstera  when 
placing  manufactured  products  in  fort'ign  markets- 

**The  practical  business  man  recognizes  the  manj'  obstaeles  to  overcome,  not 

bowever*  bo  impracticable  for  ui  to  supply  macliines  built  to  these  specificatiojis 
and  at  the  same  tinie  produce  a  general  line  of  goodfi  built  on  the  English  basis, 

"The  cost  of  changing  from  the  English  standard  to  the  metric  system^  through- 
out our  shop,  would  undoubtedly  involve  a  lo.ss  in  exeeBe  of  our  profitjs  for  a  num- 
ber of  years  to  come.  We  have,  by  putting  forth  every  effort,  succeeded  in 
inlroducing  in  all  departments  of  our  worki  full  sets  of  standard  gauges*  Our 
dra^nngs,  toob,  fixtures,  etc,,  are  aU  based  on  the  English  imits.  We  eoniider 
that  it  would  he  a  very  serious  detriment  to  our  business  to  he  obliged  to  change ; 
and  would  anticipate  great  difficulty  in  educating  our  workmen  to  the  new  stand- 
ard* Signed, 

''E.    P.    BTTLL.VilD, 

**  President  Dullard  ^lactiine  Tool  Com.pany>** 

Lettera  were  received  from  otJier  members  bm  follows: 

Lewis  S«*aring  of  the  Denver  Engineering  Works, 

Fred  L.  Eherhardt  of  Gould  &  Eberhardt, 

Walt^tT  I^iidlaw  of  the  Laidlaw-Dimn-Gordou  Company, 

Harry  M.  Lane  of  the  Lane  <fe  BoiUey  CVimpany, 

William  Lodge  of  the  Lodge  &  Shipley  Machine  Tool  tbnipany, 

Fri*d  A.  Gi^ier  of  CJneitmati  Milling  Maehme  Company, 

Brnnuel  J^.  Moyer  of  the  Lunkenheiujer  Company, 

Letters  of  similar  purport  wiere  also  received  from  the  following  firms: 
American  Tool  Workj?  Company, 
Baldwin  r.ocomotive  Works^ 
Cincinnati  Machine  Trnil  Company, 
Cincinnati  Shaper  Company^ 
L  &  E.  Grt'cnwald  Company. 
Cincinnati  Planer  Company, 
Deats  Machine  Tool  Company, 
Northern  Engineeritig  Works ^ 
Greaves  Kinsman  &;  Co., 
Cincinnati  Pimch  &  Shear  Company, 
Bradf^>nl  Machine  Tool  C<impany. 
Fnsdlek  Madiine  Tool  Company, 
J.  H,  Day  Company, 
Aurora  Tool  WorkH, 
8aba§tifm  T.athe  Company, 
Sehumachcr  &  Boye, 
Behnar  Machine  Tool  C^mpany^ 
John  Steptoe  Company, 

Letters  were  FPceived  in  endorsement  of  the  metric  system  from  the  following: 
Gofifrey  L.  Cabot,  Boston,  Mm^. 

E.  W.  Lyttle  of  the  College  Department  University  StJite  of  New  York. 
Ruftis  P.  Williams,  Pres.  New  England  Association  of  Chenustry  Teachers, 
Elibu  Thomson  of  the  General  Electric  Company, 
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only  in  mcchaniral  engineering  and  industrial  instruction,  yet  it  is  lielieved  that 
sufficient  time  will  elapse  between  the  enactment  and  enforcement  of  the  pro- 
posed law  to  prevent  any  hardship  to  the  people. 

**  The  reform  seema  radieal,  but  I  belie\'e  that  the  adaptability  of  our  American 
manufacturers  to  new  jnethotis  howe^'er  diflieult,  if  deemed  profitable,  will  be  met 
and  result  in  large  1}-  iucrca-sing  our  trade  iu  foreign  markets^  now  held  by  indus- 
trial nations  who  ui§e  the  metric  syf^tcm/*  * 

From  EiigeiK*  W*  Lvttk*,  iI*A.^  Ph.lX,  Ilegunt'fi  Office,  Albam% 

"  Mr.  Halaey'a  paper  m  certainly  the  ablest  and  strongest  presentation  against 
the  adoption  of  the  sysk^n  that  I  have  ever  seen,  and  since  reading  it,  1  recognize 
«i  never  bcfcire,  that '  linear  measures  are  tied  to  the  piiat,'  Still  I  cannot  agree 
tlmt  thfy  are  *  irrcvtH-ahly*  lictK  The  enhit  wm^  once  hirgi^ly  us<:*d  in  the  civilized 
world,  hut  we  are  not  now  ll*'d  to  thi!  cuhit.  That  tlie  ehangi^  would  be  gradual, 
that  it  would  caufft'  unci.Ttaintics  and  confuf^ion^  no  sane  man  can  doubt.  Indeed 
in  many  remote  districtJ^^  pt^opk*  still  reckon  money  in  shilhnga  and  pence,  but 
that  fact  is  no  argument  against  tlie  use  of  our  decimal  system  of  coinage. 

**  As  a  teacher,  representing  the  int4^n*st^  of  children,  I  am  specially  anxious  for 
the  adoption  of  a  simpler  system  of  weights  and  meiisures  that  will  relieve  the 
memory  of  a  burden  arbitrary  and  ust^leKs  ancl  therefore  intolerable. 

*^  If  it  whouid  he  deemed  Ix^st  to  retain  the  foot  and  the  inch,  why  should  we  not 
adopt  the  litre  and  the  gramme?  "  f 


From  Mr.  C*  A.  Bates,  Head  of  Assessment  Division^  Treasury 

Department,  Wasliington,  D,  U. : 

"  I  have  read  Mr,  Halsey*s  paper  and  ha\*e  been  greatly  impressed  by  the  strong 
fomtnon  senB**  dii<played  therein ^ especially  in  the  matter  of  the  inereaised  labcjr  of 
ealculation  hy  the  n\etric  system  as  compan^d  w*ith  that  r<?quired  under  the  pres- 
ent systLUip  which,  although  designated  'binarj'','  is  not  inconsistent  with  the  use 
of  decimals,  as  is  the  ease  with  our  monetary  system,  in  which  w^i-  have  silver  half 
dimt*s,  quarti^r  dollars  and  half  dollars,  and  gold  fiuarter  eagfes  mid  half  eagles. 

'•  Attention  is  called  to  the  relatively  large  number  of  figures  needed  to  express 
taxable  quantities  in  litn*s  as  rompan*d  with  that  rof|uircd  in  stating  those  quan* 
titles  in  gallons  and  tenths  of  gallons  ai*  ^i  ftirth  in  my  tabular  statement  on  page 
70  of  testimony  before  the  Committee  on  Coinage,  Weights  and  Meaaure«,  last 
February. 

"I  note  that  Mr.  Halsey,  in  jjaragraph  8  of  hia  paper,  eites  'Mr.  Bates*  aa 
of  the  opinion  that  ^a  year  or  two*  \^  all  the  time  needed  to  make  the  ehaiigc 
to  the  metric  s^'stem,  and  refers  to  page  92  of  said  testimony  for  his  authority. 

"  I  would  say  that  I  am  not  the  '  Mr*  Bates  ^  referred  to  on  page  02;  also  that 

•  J'aot'fwte  hy  the  Author, — Refer  to  the  disc u as! on  of  the  use  of  the  system  in 
coniraercial  literBtiir©  and  coTreapon^ience,  pwragraph  80,  It  la  to  such  ase 
only  that  the  citod  consuljir  reports  apply; 

t  Foot'Tiofe  hy  the  Anthfjr, — Muny  of  our  unitH  aro  obsolete,  or  practicilly  fo, 
and  oar  teachers,  by  including  them  and  exercises  on  them  in  school  teir-boolre, 
create  for  themselves  the  very  burden  from  which  they  datnor  for  relief. 
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my  views  in  this  niatier  of  time  m  well  as  other  important  matters,  will  be  found 
on  pa^es  64,  69  and  70,  of  said  teatimoDy.  My  testimoDy  on  page  54,  is  to  the 
efftjct,  that  if  the  metric  syetem  h  adopted  by  Congress,  it  should  be  made  on  an 
eight  if  ear' ^  notice* 

'-To  illustrate  the  facility  with  whieh  the  binary  systtMn  of  gallons,  half  gallons, 
quarts,  pints  and  gills,  as  applies!  to  the  liftuid,  distilled  spirts,  the  tax  on  which 
is  the  prinfipal  gource  of  the  internal  revenue  of  this  country,  blentia  with  the 
decimal  syst^rn^  the  Coinmissioner  of  Internal  Revenue,  with  whose  views  this 
letter  accords,  will  mail  to  you  a  eop3'  of  the  l^  S.  Internal  Revenue  Caugers' 
Manual  consisting  largely  of  tables  in  which  the  binary  and  decimal  systems  are 
happily  blended," 

From  Jfr.  C.  TL  Tittmaiin,  ITuited  Htittes  Coast  and  Geodetic 
.Survey,  Wns^lungtoiij  1  >.  C» : 

*'  Mr*  Halsey  mentioni*  tny  name  in  his  paper  anc3  implies  that  my  stjitt^ment 
in  regard  to  John  Quiney  Adams'  attitude'  is  ineorreet, 

**  Mr*  Adatns  w^is  simply  referred  to  by  tne  because  while  hes  opposed  the  adop- 
tion of  the  metric  system,  as  every  one  knows,  at  the  time  when  his  roptjrt.  was 
written,  he  nevertheless  used  language  in  regard  to  it  which  I  think  justined  my 
statement  that  he  considered  it  an  ideal  one.  Listen  to  this  which  is  quoted  from 
him:  *  If  man  upon  earth  be  an  improvable  being,  if  that  universal  [leace  which 
was  the  object  of  the  ^^aviour's  mission,  which  is  the  desire  of  the  philosopher,  the 
longini^  of  the  philanthropist,  the  tn^mbling  of  hop€'  of  the  Christian,  is  a  blessing 
to  which  the  futurity  of  mortal  man  ha&  a  claim  of  more  than  mortal  promis*' ;  if 
the  Spirit  of  Evil  i», before  the  final  consummation  of  things,  to  be  cast  do^vtj  from 
hie  dominion  over  men,  and  bound  in  the  chains  of  a  thousand  years,  the  fore- 
taste here  of  man's  eternal  felicity :  then  this  system  of  conunon  instruments  to 
accomplish  idl  the  changes  of  social  and  friendly  commerce  will  furnish  the  Hnks 
of  sympathy  IxHwi^c^n  the  inhabitants  of  the  most  distant  regions;  the  metre  will 
surround  the  world  in  use  as  well  as  in  multiplied  extension;  and  one  lajiguage  of 
weights  and  measures  will  be  spoken  from  the  equator  to  the  poles.'  "  * 


DISCUSSIONS   CONTHIBUTED   IN   MANUSCRIPT, 

Mr.  Gus  C.  IJeuning. — On  rising  to  diaciiss  the  ]>aper  before 
uSy  I  desire  to  pn^face  my  reinarka  with  the  stiitement  that  to  me 
personally  it  makes  no  difference^  whether  the  metric  system  is 


•  Foot-note  bf/  the  A  uihar. — Mr*  Tittniau  has  unearthed  another  of  the  few 
inconsistent  expressions  of  apprii\  al  to  be  found  in  Mr,  Adams'  report,  and 
to  whir  1 1  1  referred  in  paragraph  tJ.  Kpttd  my  last  quotation  from  Mr. 
AdamSj  in  whicli  he  condemns  the  metre,  the  k;hi||franmie  and  the  litre  in  succes- 
sion* Htf  fit}  Klrctrh  *i/  (he  imagination  can  Mr.  Adamf^'  refxrrt^  Uiken  as  a  ivhole,  be 
jfioked  iqtan  as  an  imlorm'meTit  ttf  thf  xfiKtew.  Tlie  two  aentem^es  which  im- 
mediately  p;^cede  those  quoted  by  Mr,  Tittniami  teiid  as  fallows  ;  *^  It  liiis 
undergone  vajriotts  improvementjs  and  uKidifications.  It  must  undoubtedly 
still  submit  to  othcm  before  it  can  }ook  for  universal  adoption*" 
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adopted  m  tliis  coiintTy,  m  the  legal  standard  or  not.  AU  I  can 
say  is,  that  when  I  deyire  to  do  iny  work  of  caletilation  and  design- 
ing, with  raiiidity,  1  frc^queiitly  use  tht^  metric  j^ystem  by  prof* 
ereiicej  but  when  I  put  my  work  into  the  ahop  the  drawings  are 
figured  in  inches,  and  fractions  thereof,  because  this  is  the  measure 
in  eoniiiion  use  in  this  eountr^^ 

In  paragrapli  33  the  author  chooses  to  quote  a  statement  made  by 
niy.self  four  years  ago,  page  600,  voL  x^iii.,  TransarilonSy  which 
he  tries  to  make  out  incorrect.  When  making  the  statement  I  did 
not  say  that  taps^  dies,  tlrills,  etc.,  made  to  the  Eoghsh  or  United 
Stat4?s  8tandard  were  not  used  on  the  Continent,  as  I  took  for 
gi*auted  that  it  was  a  well-kno^Ti  fact  that  all  these  tools  were 
bouglit  in  the  United  States  and  England  in  large  quantities,  but 
what  I  meant  is  that  they  are  never  measured  by  workmen  by  the 
English  standard;  they  are  always  used  according  to  the  marks 
thereon  by  which  they  ai'e  in<lieated  on  the  drawings.  It  is  not  a 
fact  that  the  English  stiUidard  is  u^cd  in  shops  on  the  Continent 
as  it  is  nmnl  in  England  and  the  T'nited  States  for  purpctses  of  meas- 
urement, and  that  is  all  we  are  talking  about.  Ix*t  me  ask,  does 
auyV>rKly  in  this  country  pull  out  his  scale  or  micrometer  to  measure 
the  dimensions  of  taps,  dies  and.drills  before  be  uses  them  I 

I  must  repeat  that  in  none  of  the  many  shops  I  had  the  occasion 
to  visit  on  the  Continent,  did  I  ever  see  or  know  to  be  on  hand 
(except  in  a  tool  room)  any  English  standards,  and  in  the  French 
shops  I  never  saw  anytliiug  but  the  metric  standards.  L<*t  me 
explain,  however,  how  the  matter  works  in  eountrica  which  fre- 
quently use  both  the  inch  and  metric  stanflards,  merely  because 
Great  Britian  and  the  United  States  i?ttll  use  the  ineh  standards 
Recently  I  sent  my  drawings  figured  in  inches  to  Continental  manu- 
facturers, who  executed  the  work,  delivered  at  my  iiffiet^  in  New 
York,  dtity  paid,  at  just  one-quarter  the  price  and  in  t?ne-half  the 
lime  at  which  tw^o  American  manufacturers  had  offered  to  furnish 
it  Reasoning  froni  tliese  facts  in  the  manner  the  author  has  as* 
eumed  throughout  his  paper,  1  am  prepared  to  eonclnde  ^'  that  tJie 
use  of  the  double  standard  increases  the  cost  of  the  work  very 
materially  and  also  causes  great  delay;  and  also  that  even  the 
Krupp  Wc^rks  are  not  using  the  metric  system,  but  are  actually 
using  English  measures  as  their  gtandards.  Therefore  the  metric 
system  is  of  little  value  as  it  is  not  in  univer.^al  use  in  Germany, 
for  it  is  not  in  general  use  in  the  hirgest  of  German  steel  works.*' 
Q.E.D.,  and  as  a  proof  of  the  djiliculty  of  using  two  standards 
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in  anj  work,  I  will  quote  tlie  author^  paragraph  65,  by  saying, 
**  Til  is  illustnition  is  contemptible  in  its  littlotioss/* 

!N"ot  one  of  the  etatoment^  in  this  paper  show  that  the  reporters 
qnotod  had  seen  auy  English  standards  used  f((i-  purposes  of  nieas- 
iiremeota  in  shops  or  by  tradesmen;  and  even  Mr.  Ileas  merely 
says,  paragraph  2!>,  that  **  We  have  occasionally  found  that  men  in 
onr  shops  have  made  use  of  their  private  Kbeiiish  foot  rnlrs/' 

Well,  we  know  that  all  cranks  are  not  dead  yet.  And  while 
Mn  Ilefts  athiiit?^  that  lie  knows  nothing  about  custom  in  France, 
he  cheerfully  volnnteers  his,  belief  '*  That  similar  conditions  exist 
there,  though  not  to  as  great  an  extent/'  Think  of  the  great  value 
of  this  testimony  to  strengthen  the  antlior's  argument. 

In  refertmne  to  the  remarks  rm  the  ''  Persistence  of  old  units  in 
Spanish  Aniericaj"  I  shall  quote  the  statements  of  an  American 
engineer  who  liaa  lived  and  worked  in  several  Spanish  American 
countries  for  a  j^eriod  of  ten  years: 

In  iiTJswcr  to  your  iiiqiurii's  ronceming  my  experience  with  tlin  use  of  thc"  niet  rte 
eyfiti*ni  of  wtight^  and  mpa?itnt»»  hi  ilw  various  countrit^s  of  Scnith  Anjerica  with 
which  I  am  fjunilitir,  T  take  plcaNiiirt'  in  r*ttit  in^  tlic  foHowingt 

From  early  in  IHHO  for  txhont  4^  }'t^nrs,  I  wn;^  erTiploy*'(i  iki  first  aasist4int  in  the 
Argentine  Mf  teorolojarical  and  M^netio  Ohf!i£;r\'atc»r>-  wht^re,  of  course,  we  nsed 
only  the  nietrie  aystpin.  Tn  mir  work,  we  employed  many  jiub-^'omputors  and 
observers  of  moderalp  attainnvents,  and  I  found  tliat  tliey  rc^adily  understood  and 
wurkeil  ^'tTieii^ntly  and  rapidly  with  tiie  nietrie  syst'em.  In  my  opinion^  the  abao* 
hilL*  tteeuracy  required  in  our  work  eotild  hardl}-  have  been  obtained  by  any 
oIIht  b>' stern  with  the  help  we  had. 

Apart  from  the  Govprmnent  and  purely  seientiic  work^  I  had  abundant  oppor- 
tanity  and  occasion  to  biow  of  the  Ci\  il  EngineeTing  practice  of  the  conntry,  and 
in  thill  as  well  I  found  that  the  metric  system  was  used  to  the  exclusiori  of  all 
oUw*re^  not  only  in  the  field,  but  in  the  office  and  cbraughting  room.  With  the 
me^trli!  5y*^t*^m,  enp^ineers  of  al!  nationaLities,  met  upjon  common  grotjnd  and 
worked  ti»|£rt[ier  in  perfect  harmony  of  imderstandinjs^.  Our  old  ehain  witli  its 
Yiuk^  and  l*"ntlis  wa"^  replaeed  hy  the  steel  tape  with  its  metres  and  eentimetres 
aiid  the  unit  by  the  kilometrt\,  although  in  eross-pampa  travelling  on  horsi'liatk 
the  camptiHiao,  or  countryman^  still  reckoned  dii^taiiees  by  the  day^a  joumey 
(Jornada),  hour  or  lea^ie,  each  of  %'ariable  length  and  used  simply  on  account  of 
tht*  familiarity  of  the  terms. 

Linear  measure  men  ts,  T  niay  nm\  w^re  made  generally  metrical  even  at  that 
day  when  the  u^^'  of  the  metrical  Byi^tem  was  a  eomp.ara(i\"e  tiovelty*  In  the  een- 
tres  of  population,  ufiHially  coincident  mth  the  eentres  of  commerce,  the  metric 
systL-m  eould  he  Baid  to  hold  sway.  In  the  ordinary  eornrnerieal  transactions, 
lirjuitLs  were  bought  and  stild  by  the  ''  litro,"  and  drit-^  articles  b)^  the  kilop'ariime 
or  "kilo/*  while  the  ''metro"  wim  iti  common  use,  thcntgh  the  variable  "vara" 
waji  not  enti  ndy  excluded*  In  the  sale  of  gooth  over  the  counter  by  retail,  the 
(•  vara"  out  of  respect  for  its  age  as  a  tenn^may  ha^ii  been  used  extrmsivelyibut  at 
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the  same  time,  g^odn  were  valued  by  the  metre,  and  the  •*  vara^'  sold  or  l>oiiglit 
meant  only  so  nmeh  of  the  metre  yst-d  an  the  standard,  juat  as  an  ^*arroba"  of 
corn  or  potatoes  meant  a  certain  number  of  kilos  wtnghed  out  by  a  metrir  weight » 
&o  that  no  matter  what  term  was  used,  the  metrie  system  determined  the  quan- 
tity* An  *'arrt>ba"  m  tUh  eafle  ahvay^^  means  12  kilos.  In  land  measurements 
tilt?  '*  raadra/^  or  j4<jUflre^  wa.s  formerly  used.  Tiiis  term,  like  the  ^'vara**  had  a 
variable  meaning  dept^ndent  upon  loeality,  so  that  in  order  to  prevent  eonfusion 
the  mctrie  "  cuaiira"  or  sf.|uare  of  It  JO  metres  side  was  used  throughout  the  nrpub- 
licKp  and  gave  exactne'^f?  to  the  meaning  of  an  old  term. 

Tx-av'ing  the  Argentine  Ht'publie,  I  went  to  Boli\'ia  whiTe  I  found  praetically 
the  same  state  of  affairn.  HowexTr,  owing  to  the  larger  proportion  of  the  Intliau 
and  other  illiterate  pojMilatlon  of  this  eountry,  the  old  terminology  i\s  well  i\^  the 
use  of  the  old  system  of  weights  and  measures  in  ordinary  trade  was  mnre  appar- 
ent. Among  these  pc^ople  it  m  no  uncnnmion  sight  to  see  eonmiodities  weight'd 
out  in  a  home-ujude  balanee  with  stones,  nailn,  ete.,  used  for  the  weights,  simply 
for  the  want  of  something  l.>etter.  I  feel  eonfident  that  even  the  ignorant  Indian 
would  gladly  Adopt  the  metrie  ay  stem  could  he  only  gain  aeeess  to  it  upon  equid 
terms  \\ith  hi«  inexact  system ,  whieh  eireumstanee?t  force  him  to  use* 

In  IVni  mid  Chile,  I  was  closely  connected  with  railway  work,  mining  and 
chemical  ana!y,«isj  for  more  than  isix  years.  T  can  testify  to  the  faet  that  the 
mt^trir*  &yi^tiMn  was  Ufa/d  in  assaying,  and  other  laboratory  work,  and  in  most  de- 
parhuents  of  raiU^ny  work.  In  the  shops  of  the  railways  with  which  I  was  co^j- 
neeted  for  a  time,  it  is  true,  the  English  Kvstem  of  meiisuremenls  was  us<-'d,  be- 
aaus**  nearly  all  of  the  engineers  and  mechanics,  and  maehitiery  were  of  American 
or  English  tiriginp  and  the  shop  practice  was  imported  with  them.  Clutsidf?  of  this 
departinentj  however^  we  used  the  metrie  system  almost  exeluaively. 

la  tlie  onlinary  transductions  of  Hfe^  I  ina\'  safely  say  thwt  the  metrie  system  was 
the  one  in  common  uae^  in  spite  of  the  preptpoderanee  of  the  old  terms  in  ordinary 
language.  Yours  very-  truly, 

(Signed)  H.  i\  AhnxAtttyRU. 

N.  Y.,  De(vmlH'r2.  n»02. 

The  foregoing  will  again  show  the  Imninrous  use  by  tlio  author 
of  tstatcniPiitK  qiuiied  in  tlie  paprr,  unc!  that  thov  are  puintprl  ^nth 
all  tho  t^olorrt  f^f  tin?  rainbow,  Tho  (hqiojicnt?^  and  tlie  aiitlior  all 
fail  to  see  thiit  the  iiHi*  of  tuirretit  t*>rins  really  refers  to  tiietrh^ 
weighlB  and  ineasiire"^,  and  that  tln^  o|)iiHons  arc*  l>ased  on  bias. 
Tliey  slioiild  be  accepted  with  iiiany  gniiii^  of  Bait,  indeed  with 
erystals  of  rock  salt,  and  thon  only  after  mntdi  n'flci'tion  and  com- 
[ilete  verification. 

In  para^aiili  40  is  another  in^^tHncf  of  the  n^e  of  old  measures  of 
length  in  Pern  and  Veneuuela^  where  according  to  the  tc?stitnony 
of  Messrs.  T^lehart  and  Ihilgc,  the  yard  tack  upon  the  riblion 
counters  are  still  in  n^e.  These  gentlemen  do  not  however  tell  you 
that  the  ribbons  are  sold  by  the  metre  and  charged  for  at  that  r^te^ 
while  at  the  same  time  they  were  tueasnrcd  by  the  yard.  Don't 
you  see  that  this  method  of  procedure  produces  an  extra  ten  per 
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cent,  profit  to  the  haberdasher?  Messrs.  Tglehart  aud  DoI^p  failed 
to  see  tho  real  hnnior  of  thi?^  prat-ttral  joke  or  profitable  Yankee 
trick,  and  the  author  ean  t>nly  tind  in  their  g^tatemerius  tlie  essence 
uf  truth,  profound  knowledge*  and  in tel licence  ! 

You  see  Air.  Iglelmrt  merely  cpiotes  from  niomory;  see  para- 
graph 30,  fortified  by  onr  Pt^rnvian  ( ■onsul-Genera!  who  !md  prob- 
ably not  yet  di^eovered  dtiring  hi;^  short  period  of  service  the  com- 
mon application  of  old  Spanish  names  to  the  metric  iiiea^^ures.  A> 
to  tbe  use  <if  the  metric  t^y?^teni  in  IMexico,  I  know  that  the  Coin- 
jiania  Metallurgiea  Alexieaiia  ii.s<*s  the  nu*trie  ^iy??teiM  entirely,  and 
all  material  pnrehased  in  the  Tinted  States  niui^t  be  invoiced  and 
marked  and  invent<jriefl  on  the  metric  i^ysfem. 

The  fact  that  rag"eaq>et  weavtTs  and  j^eam^tressc?^  in  tliii^  coimtry 
nieaBure  yards  by  tbe  distance  from  tbt^  ti]*s  of  their  noses  to  the 
pabn.s  of  tlieir  liands;  or  t!iat  tra<lesnien  mea?^ure  Inishels  <jf  farm 
|>rodnct?^  by  any  old  ImJ^ket;  or  tliat  grocers  and  hutcbei's  "sveigh 
their  goods  by  any  j>ipee  of  iron  with  inunerons  holes  therein,  is 
not  priKif  that  the  English  system  tif  weights  and  measnres  is  not 
the  standard  in  common  ii§e  in  this  eonntry. 

Just  such  facts  as  given  iu  the  foregoing  foitii  the  foundation 
of  the  anther's  argnnients,  and  whih*  no  one  will  deny  that  ohi 
weights  and  measurusi  rouurin  iu  use  in  countries  even  long  after 
they  have  been  declared  il legal,  the  fact  of  their  use  for  unim- 
]>ortant  pnr]iose^  sliould  not  be  userl  as  a  valid  argument  that  other 
St  am  lards  are  not  those  in  actual  general  use* 

In  paragraph  W,  Mr.  -I.  IT.  Linruird,  N"aval  (Nmstructur,  U.S,N., 
is  quoted  as  saying:  ^'  that  two  yards,  one  of  eonsiilerable  impor- 
tance at  Fli'nsburg,  aud  one  at  Hani  burg,  still  use  tlje  Englisli  sys- 
tern  of  meai^urement  for  their  sliips*  work/'  Neither  Mr.  binnard 
nor  Mr*  Halse\%  however^  gives  reasons  why  tbe  Knglisb  standarda 
arc  there  used  Ijy  j^reference,  the  latter  hciwever  iij^ing  this  as  ait- 
fither  pro«jf  that  the  nietric  system  hiis  nut  been  very  generally  iu- 
tnnlueed  in  (temiany,  and  that  it  in  fact  meets  with  strong  oppo- 
sition there. 

Tlie  reason  why  these  shipyards  use  tlie  English  measures  is 
thia;  they  use  Kuglisb  sha])ea  ami  sliip  fittings  ahnost  exclusively, 
and  to  a  large  exteut  are  copying  Euglisli  d**sigus.  The  reason 
why  they  use  English  sliapes  ami  ship-fittings  almost  exclusively 
is  that  they  can  buy  them  cheaper  and  obtain  them  more  promptly 
in  Engbiud  than  iu  fTcrmany,  because  there  are  rerv  many  manu- 
facturei-s  of  these  articles  In  England^  all  competing;  while  in  Ger- 
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many  tliere  are  but  very  few,  most  of  whom  deliver  their  entire 
product  to  government  and  other  ship-yards.  Under  these  cir- 
cumstances it  is  plain  that  the  English  standards  are  more  conven- 
ient to  the  two  shipyards  mentioned. 

The  author  states,  pragraph  71,  that  Mr.  Linnard  "  learned  his 
profession  in  France,"  but  fails  to  state  that  previous  to  that  time 
he  had  studied  and  used  the  United  States  standard  during  at  least 
twenty-three  years,  and  was  in  France  but  five  years.  I  am  sure 
that  Mr.  Linnard  never  tried  to  really  use  the  metric  system  or 
become  expert  in  it,  because  he  knew  that  in  a  very  short  time  he 
would  again  return  to  the  United  States,  and  then  again  and  ever 
after  use  nothing  but  the  United  States  standard  inch  scale.  If  Mr. 
Linnard's  testimony  be  compared  with  the  arguments  given  in 
Balfour  Stewart's  "Elementary  Physics,"  it  will  be  found  that  they 
are  almost  identical.  And  this  is  the  eminent  authority  on  whose 
testimony  the  author  bets  his  bottom  dollar! 

As  long  as  the  metric  system  is  not  introduced  in  England,  just 
so  long  will  the  English  standard  be  used  to  some  extent  in  Ger- 
many and  other  countries,  wliich  is  no  proof,  in  any  sense  of  the 
word,  that  the  metric  system  is  not  in  general  use  in  them,  as  the 
author  tries  to  make  it  appear. 

In  paragraphs  8  and  12  the  author  presents  a  horrifying  picture 
of  the  continuing  use  of  ells,  pounds  and  yards  in  the  textile  indus- 
tries, alongside  of  the  metric  system.  He  does  not,  however,  ex- 
plain that  this  condition  exists  because  of  the  preponderance  of 
English  machines  and  materials  used  in  tliis  industry.  As  Ger- 
many draws  a  large  proportion  of  these  sup})lies  from  England,  it 
is  clear  that  they  will  adhere  to  these  terms  until  England  also 
adopts  the  metric  standards.  Moreover,  a  pam])hlet  containing  ex- 
tracts from  the  Textile  Worlds  just  laid  before  us,  shows  that  among 
forty-five  American  cotton  and  worsted  mills,  twenty-one  are 
strongly  in  favor  of  the  adoption  of  the  metric  system,  eighteen 
arv  against  it  and  six  are  non-comndttal,  while  those  in  favor  of  it 
state  that  they  arc  so  in  order  to  get  rid  of  the  existing  confusion. 

The  author,  in  order  to  impress  upon  his  readers  what  terrible 
result  the  introduction  of  the  metric  system  would  have  on  textile 
industries,  chooses  to  translate  "  heillose  Verwirrung,"  by  "  un- 
godly disorder,"  instead  of  using  the  correct  words,  "  irreparable 
confusion,"  or  its  usual  meaning,  "  great  confusion." 

The  author  does  not  give  a  simple  explanation  of  the  persistent 
use  of  different  standards  of  measuring  still  found  in  local  districts 
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ill  Oermany  and  Trance,  which  has  found  a  parallel  in  our  anthra- 
cite cufil  field -^^ 

Tlie  limn N fact nrer  \vh<j  ItKiks  after  tlic  conversion  of  measures 
buys  and  Bells  by  metric  system,  and  ^vhencver  he  converts  the 
measure  of  the  laborer's  work  into  his  selling  measures,  the  benefit 
of  the  odd  fraction  or  remnant  does  not  fall  to  tJie  laborer*  but  to 
the  capitalist 

In  our  antliracitc  fields  the  PennBylvania  law  makes  it  com- 
pulsory to  weigh  coal  by  United  States  Ktan<krd  weighta,  and 
failure  to  do  bo  is  punishable  by  a  fiiie  of  one  hundred  dollars  per 
day  for  each  and  every  offence*  Nevertheless  for  twenty-seven 
years  the  coal  barons  have  used  the  standard  of  a  mine  car  heaped 
tip  with  coal,  witliout  weighing  the  coal,  and  continue  to  do  so  at 
the  present  time.  The  author  forgot  to  mention  the  use  of  this 
standard  of  weight  in  a  country  wdueh,  as  he  inujst  admit,  uses  the 
IJuited  States  standards  of  M'eigbt  universally.  He  will,  perhaps, 
also  now  imderstand  w*hy  the  old  standards  are  still  BOmetimes 
idhered  to  elsewhere. 

In  paragraph  53  is  given  the  famous  argument  of  the  anti-metric 
fraternity,  bewailing  the  fate  of  the  poor  forlorn  farmer  because  he 
hasn*t  any  nn^trie  taVde  of  biilt  diTnensionH  and  table  of  equivalents. 

This  paragrajih  sliould,  when  honestly  put,  reads  as  follows: 
A  farmer  breaks  a  bt>lt  and  w^ants  to  replace  it  What  does  he 
do  I  He  takets  the  broken  bolt  and  looks  over  bis  stock  to  see 
whether  he  can  match  it  by  appearances.  If  he  can  do  this^  he  tries 
it  in  the  hole  from  which  the  broken  one  was  taken,  or  tries  the  nut 
on  it ;  if  it  iits,  then  well  and  good.  But,  remember,  fanners  do 
not  carry  foot-rules  in  their  trousers  pockets,  jeans  or  bootlegs. 

If  the  spare  bolt  does  not  fit,  the  farmer  betakes  liiniself  to  the 
nearest  supply  store  and  asks  for  a  bolt  "  like  this,"  lie  does  not 
care  whether  it  is  f  inch,  J-J  inch,  J  J  inch,  or  auytbing  else;  he 
merely  uses  Ins  old  bolt  as  a  gauge^  The  supply  dealer  may 
reeogni^e  what  it  is  in  diameter  and  thread.  If  be  does  not,  he 
does  not  pull  out  his  thread  gauge  and  calipers,  but  he  a^ain  uses 
the  broken  bolt  and  nut  as  gauges,  and  selects  a  new  bolt  and  nut 
which  will  respectively  fit  into  each  other,  and  ever  thereafter 
Iwith  farmer  and  tradesman  will  be  happy  without  having  asked, 
"  Is  this  a  metric  or  a  United  States  standard  bolt  or  anything 
eke  ? 

Xow  let  \i^  take  up  the  argument  of  the  talde  of  metrie  equiva- 
lents of  values  of  parts  of  inchesj  increasing  by  eighths. 
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This  is  again  an  extravagant  misrepresentation  of  difficulties. 

If  the  values  of  ^  inch  between  1  to  3  inches  be  given  in  the 
nearest  quarters,  or  -^  millimetre,  not  one  of  the  figures  given 
will  vary  from  the  true  value  by  more  than  x(ftnr  ^f  ^^^  inch,  which 
is  a  matter  too  small  to  observe  by  any  person  except  he  be  pro- 
vided with  a  micrometer  caliper.    The  table  will  then  read : 


1 

25.5 

li 

38.00 

2 

51.0 

2i 

63.5 

li 

28.5 

If 

41.25 

2i 

54.0 

21 

66.75 

u 

31.75 

If 

44.5 

21 

57.25 

2i 

69.75 

IJ 

35.0 

IJ 

47.5 

2S 

60.25 

2J 
3 

73.00 
76.25 

In  this  shape  the  figures  can  be  memorized  by  an  effort,  and  they 
will  be  accurate  for  practical  purposes.  Let  me  ask  the  sam^  ques- 
tion as  the  author.  "  Is  not  the  point  obvious  at  a  glance  ?  "  All 
I  can  say  is,  "  None  so  blind  as  those  who  do  not  want  to  see." 

The  sincerity  of  the  arguments  relating  to  change  in  screw 
threads,  by  which  the  author  tries  to  prove  the  terrible  confusion 
which  would  result  thereby,  is  clearly  indicated  by  the  fact  that 
one  of  the  members  of  the  metric  opposition  committee  of  this 
Society  actually  presents  at  this  meeting  a  paper  in  which  a  new 
system  of  screw  threads  is  proposed,  because  the  old  system  has 
been  found  unsatisfactory.  One  of  the  strongest  opponents  of 
the  metric  system  sees  no  objections  to  changing  the  standard 
system  of  screw  threa<ls,  only,  for  Heaven's  sake,  don't  let  it  be 
based  on  the  metric  system  ! 

The  author,  paragraph  47,  gives  a  woeful  picture  of  calamity 
should  pipe  threads  be  changed.  Never  again  could  we  fit  one 
gas  tip  to  a  single  chandelier  in  the  whole  country.  What  a  ter- 
rible calamity !  It  would  be  necessary  to  rip  out  every  piece  of 
pipe  in  every  house  in  the  country.    Woe  be  to  us ! 

Now  let  us  look  at  this  in  a  less  humorous  manner.  In  exchang- 
ing a  chandelier,  the  gasfitter  tries  the  short  pipe  at  its  upper  end 
on  the  nipple  3  to  6  inches  long,  and  if  the  thread  does  not  fit,  he 
takes  a  new  nij)j)le  of  same  length  (no,  pardon  me,  75  milli- 
metres length)  and  cuts  on  one  end  a  thread  like  on  the  old  nipple ; 
on  the  other  end  he  uses  the  die  which  fits  the  thread  on  the  chande- 
lier. Let  us  say  this  nipple  costs  ten  cents,  but  the  chandelier 
might  cost  $75.  Don't  you  sec  the  great  expense  and  hardship  aris- 
ing to  the  owner  of  the  house.  Why,  it  is  plain.  Again,  think 
of  the  trouble  and  expense  of  fitting  a  gas  tip  in  a  similar  manner. 
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^""liy,  the  nation  wouM  l^et'onio  one  of  ntglit-walkers.  How  ter- 
rible! 

The  author  fails  to  tell  us,  however,  that  ii  ^-inch  pipe  measures 
0.023  inch  iiit^ide,  and  0*840  inch  oiittti(h*  liinipiisions.  In  faet,  hU 
pipe  diinonsions  must  bo  given  tii  derinial  fnxetiona  of  incheg  to 
Hiree  pluees,  iKHjaiise  there  is  no  such  thing  nmilo  as  a  pipe  nieasur- 
nhle  by  any  kind  of  a  foot-nile  with  its  beautiful  symmetrical  and 
divisilrle  |>arfs. 

In  paragraphs  B7  in  70  are  arguments  to  prove  that  it  requires  a 
smaller  ntinil^er  of  figures  to  write  and  nse  in  calculation  of  dinien- 
mrms  given  in  the  United  States  standard.  For  this  purpose  he 
nr>es  the  Riinple.st  figures  on  the  foot-nile,  and  the  largest  in  the 
metric  Bcale.  lie  starts  with  a  conversion  of  even  dimensions  of 
inches  into  the  decimal  part*?  of  the  metre.  Not  once  does  he 
sfiow  the  results  of  conversiou  of  even  uietrical  divisions  into  inch 
valne.s.  Tlien  he  uses  the  even  fS  feet,  and  also  S|  inches  in  calcu- 
tiuus,  converting  fheni  into  uiiliimetres. 

Let  us  exaniine  the  foot-rule  divided  into  inches  and  sixteen thSj 
and  cmnpare  it  with  a  similar  haigtli  of  the  metric  scale,  which  is 
ecpml  to  305  inillimetres  within  ,000H  inch.  This  foot-nile  con- 
tains lt*2  even  divisions;  the  metric  scale  305,  It  requires  801 
Hgures  and  lines  to  write  these  11)2  even  parts  of  the  foot*ruIe. 
However,  it  requires  Init  9>Zi  figures  mthont  points,  linos  or 
coiniuas  to  write  the  corrcet  values  of  the  305  fli visions  shown  on 
tlie  metric  scale.  At  this  rate  it  would  rc<]uire  1,3*>7  figures  and 
lines  to  write  305  divisions  of  the  one-foot  ride, 

Asi^umiiig»  however^  that  tlie  f(K>t-rule  he  divided  into  inches 
and  hundredths  ni  inclies,  tlten  it  will  refpiirc  in  writing  only  303 
of  these  divisions*  no  less  than  1,1^3  figures  and  decimal  |>ointSp 
To  write  all  of  the  l,:iO0  divisions  it  would  require  4,752  figures 
and  decimals;  while  if  the  305  niilliuietres  were  given  to  the 
nearest  qua r ten  *>**  making  a  total  of  1,220  divisions^  would  require 
Ijiit  about  3,541  figures  and  deeitnai  points^. 

Tills  will  shijw  be}ond  any  doubt  the  vast  superiorityj  conven- 
ience and  econtMuy  of  time  in  the  tisc  of  the  ujetric  system. 

As  this  proves  beyond  que*stion  of  a  doubt  that  fewer  numbers 
and  mnrks  sutKce  for  writing  the  exact  divisions  of  a  part,  of  the 
metric  *seale  Ofpuil  to  a  single  foot  of  the  United  States  standard, 
it  is  sim])ly  an  absurd  misrepresentation  to  state  that  fewer  figures 
will  lie  used  in  calculatiou,  using  the  latter  scale* 

The  aulhor  states,  paragraph  07^  that  "  in  English  units  these  di- 
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mensions  (*  between  4  and  10<S  inelies  ^)  can  often  be  expressed  hj 
a  single  figure. ^^  What  bn?^  tlic;  niitbor  to  mj  aboiif.  the  thousands 
of  jnteniiediate  values  in  Bixteentbs  of  inelies?  About  these  lie  is 
profoundly  silent* 

In  conchiding  I  desire  to  emphasize  that  iii  the  foregoing  analysis 
of  the  author's  argumeut*i,  I  have  carefully  refrained  fruni  advo- 
cating by  a  single  word  the  compulsory  introduction  of  the  metric 
RVsteni  into  the  United  States;  all  T  desire  to  jnit  clearly  before 
the  members  of  the  American  Society  of  Mechanical  Engineers  is 
the  extreme  position  taken  by  the  author* 

Mr.  F.  A,  1/a/sey.— Taking  up  Mr.  Henning'a  communication,  I 
quote : 

"Tap^,  dies,  drills,  etc,,  made  to  the  English  or  United  Standard  •  .  *  are 
never  measured  by  workmen  by  tlie  English  standard.'* 


Mr*  IlesSj  wlio  has  been  in  the  German  Niles  Works  for  three 
years^  tells  me  that  he  has  never  seen  the  dimenBions  of  English 
pitch  screws  named  in  Uennany  in  any  other  way  than  the  one 
used  by  ns, 

Mr,  Henning's  statement  that  "  Mr.  Hess  merely  says  that  *  we 
have  occas^iiontilly  fouTid  that  men  in  our  shops  have  made  use  of 
their  private  Kbenish  fuof-rules '  **  can  only  be  interpreted  by 
charitably  asmnning  that  Mn  Henniug  has  not  read  paragraph 
20*  Note  especially  the  Btatement  by  Mr.  Iless:  "Nearly  nni* 
versa Ily,  the  carpenters  and  other  Iniihling  mechanics  use  the 
Rlienish  inch,"  We  are  not  limited  to  the  statement  of  Mr*  Hess 
regarding  the  use  of  old  uoit^  in  France, 

The  letter  from  Mr*  Henning  s  corresjK>ndent  who  has  lived  in 
South  America  has  the  air  of  Bincerity;  but  Mr.  TIenning  needs 
evidence  from  more  than  one  source  to  offset  my  cloud  of  witnf*sses. 
Note,  however^  that  the  Peruvian  Con^id-general  does  not  agree 
with  Mr.  Ilenning-s  corresjK>ndcnt  regarding  common  practice 
in  Peru. 

*^  Current  tenns  refer  to  metric  weights  antl  measures/^  The 
use  of  these  units  in  French  and  German  textile  treatises^  the 
letters  of  M.  Benet  of  Paris,  of  Mr*  Ball  of  Barcelona^  of  Mr. 
Canby  of  MexieOj  of  Mr*  Hess  of  Berlin,  of  the  unnamed  American 
engineer  in  Paris^  and  of  the  Collector  of  the  Port  of  New  York^ 
make  this  explanation  ridicnhnis,  That  Mr.  Dolge  could  live  in 
Venezuela  for  four  years  and  not  learn  so  simple  a  fact,  \%  absurd 
itv  informants  are  neither  children  nor  fools*    por  what  metric 
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unit  does  tbe  Rhenish  inch  stand?  Xote  also  tiie  experience  of 
Chandler  and  Taylor,  paragraph  78,  which  shows  that  hnnher  and 
timber  are  not  sawn  to  metric  dimensions  in  Central  and  South 
America* 

lleb^!?rs.  Tp;lelmrt  and  Dolge  snid  nothing  ahnut  the  yard  taeka 
upon  riliUnn  counLers*  Thivt,  i^  my  inference  from  their  testimonj. 
**  Air.  Iglehart  merely  qnotes  from  nieraory.^'  What  else  is  there 
to  quote  from  J  and  from  what  else  does  Mr.  Ilenning's  cor  re- 
^|f<>ndent  quote  ?  '^  Ribbons  are  sold  by  the  metre  and  charged 
for  at  tliat  rate,  while  at  Ihe  same  time^  they  were  measured  by  the 
yard,'*  Admit  this  to  be  true,  and  what  does  it  show?  Simply  a 
confusion  of  old  and  new  units,  which  is  made  the  basis  of  a  petty 
anrl  nuiversal  swindle,  made  possible  by  the  metric  system,  and 
which  Mr.  Ilemung  regards  as  a  praetieal  Joke* 

Mr,  ITenning*^  exphination  of  the  persistence  of  old  units  m 
fierman  shipyards  and  textile  mills  exhibits  a  curious  reversal  of 
perspective.  Of  course  there  are  reasons — ^the  object  otth^  paper 
is  to  point  ont  some  of  them.  It  does  Mr.  IIenning*a  case  no  good 
to  point  out  additional  reasons,  but  the  contrary.  It  is  the  fad 
of  the  persistence  that  is  awkward  for  him,  What  connection  is 
there  b* 'tween  *^  the  preponderance  of  English  machines  an<l  ma- 
terials ^^  and  the  nou'English  ells^  the  aunc,  the  lea,  the  denier, 
the  French  inch,  etc.? 

*^  I  am  sure  that  Mr*  Linnard  never  tried  to  really  use  the 
metric  s^>"stem  or  becouie  expert  in  it."  Of  coui'se  that  settles  it; 
but  is  it  possible  to  be  a  student  in  a  French  institute  of  technology 
for  three  years,  ^^peaking  the  Frencli  language  u^iug  French  text- 
b(K*kst  and  doing  all  one*s  school  work  in  the  metric  system,  of 
whieb  the  chief  stock  in  trade  is  ita  simplicity  mthout  "  really 
using"  the  system  or  *^  becoming  expert''  in  its  use?  What  bc- 
coines  of  the  school  children  argument,  if  three  years  of  this  sort 
of  work  are  not  sufficient?  Have  we  all  to  spend  three  years  learn- 
ing  this  thing?  Mr,  Ilennlng's  zeal  for  explanations  exceeds  his 
judgment-  It  is  proper  to  add  that  Mr,  Linnard  is  senior  assistant 
to  Cliief  Constructor  Bowles.  Mr.  Ilenning  will  have  to  accept 
him  as  a  com  p.*  tent  witness,  whether  it  pleases  him  to  do  so  or  not. 

1  know  more  about  that  Textile  World  vote  than  docs  Mn  Hf  n- 
ning.  A  t  no  stage  of  ike  voting  were  there  Si]v  n  on-committal  votes.  The 
count  is  given  in  the  reply  to  Professor  Crosby,  and  iueludcs  some 
votes  that  have  come  in  since  the  pamphlet  to  which  Mr,  ITenning 
refers  was  printed.    Adding  together  those  who  voted  against  the 
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system  and  those  who  voted  against  the  passage  of  the  present  bill 
until  a  more  thorough  investigation  lias  been  held,  the  vote  stands 
substantially  two  to  one  against  the  hilL  More  significant  still, 
this  vote  was  the  result  of  a  letter  sent  to  over  1,200  textile  mills 
and  textile  men — seventeen  votes  for  the  system  from  1,200  ap- 
peals sent  out  to  an  industry  whose  representativs  go  to  Washing- 
ton and  represent  that  industry  as  demanding  it. 

Mr.  Henning's  table  of  equivalents  does  not  look  to  me  to  be  so 
easily  memorized  as  it  seems  to  look  to  him,  and  if  he  will  add  the 
sixteenths,  which  must  be  done,  it  will  look  less  easy  still  to  both  of 
us.  It  has,  however,  the  fatal  defect  of  all  approximate  tables — 
they  are  accurate  enough  for  some  purposes,  but  not  for  others. 
This  table  is  accurate  enough  for  bar  iron,  but  not  for  reamers  and 
many  other  tools.  Reamers  could  not  be  ground  to  his  figures  nor 
could  they  safely  have  the  figures  stamped  upon  them.  For  ac- 
curate work  we  must  have  an  accurate  table.  That  is,  an  approxi- 
mate tablg^  is  only  an  additional  or  supplementary  table  which 
does  not  simplify  matters,  but  on  the  contrary,  makes  them  still 
worse,  and,  moreover,  opens  wide  the  door  for  limitless  mistakes. 

Mr.  Ilenning  completely  misrepresents  my  illustration,  based  on 
a  supposed  change  in  gas-pipe  threads,  paragraph  47,  which  no- 
where says  or  implies  that  "  it  would  be  necessary  to  rip  out  every 
piece  of  gas-pipe  in  every  house  in  the  country  ";  but,  on  the  con- 
trary, says  "  the  gas-pipes  in  the  ceilings  of  our  homes  would  keep 
the  old  system  alive  for  fifty  years,"  which  distinctly  contemplates 
that  the  pipes  shall  remain.  1  can  only  charitably  assume  that  he 
has  read  this  paragraph  with  his  eyes  shut.  The  supposed  use  of 
transition  fittings  has  been  considered  in  paragraph  47.  "  The 
transition  fittings  must  be  made.  .  .  .  The  tools  and  the  equip- 
ments must  be  preserved."  That  is,  we  shall  have  two  standards 
of  threads  and  fittings  and  a  third  set  of  transition  fittings  on  our 
hands  as  long  as  existing  pipes  endure.  Our  existing  fittings  are 
nunuTous  enough,  but  they  must  not  only  be  duplicated  in  metric 
fittings  but  more  than  duplicated  in  transition  fittings.  It  is  easy 
to  make  light  of  a  transition  nipple,  but  the  proposition  involves 
transition  ells,  tees  and  other  fittings.  For  each  straight  tee  of 
which  we  now  have  one,  we  should  require  during  the  transition 
period  the  following  combinations : 

M ^M        E      E        MM        E    ^        M E        E M 
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TTor  each  simple  rediieiiip:  bushing  we  would  require  four  cora- 
l»uiatit*n5  thiiB:  I'iln/ilLsh  iihsitlo  and  outside;  niPtric  inside  and  out- 
Bide;  IvagUsli  outside  and  iiietrie  inside;  and  English  iubido  and 
metric  outside.  For  eacdi  plain  cdl  that  we  now  have  wo  should 
need  three  and  for  each  reflueinpr  ell,  fi>nr.  If  the  reader  will  go 
to  a  pipe-Htting  factory  or  store,  note  the  numlicr  of  tittingi^  neees- 
sary  to  make  an  af^sortment  and  reflect  that  during  tliis  transition 
period  thin  rumiher  will  l>e  multiplied  In*  not  h^sn  than  three  and 
prohaldy  hy  iour^  be  will  rt^eognize  what  Mr.  Ilenning's  playful 
suggestion  grows  into.  I  have  often  aaid,  and  I  IjeHeve  it  to  be 
true,  that  all  the  advantagef<  uf  the  metric  system  cond>ine<l  would 
not  rt>e*>mpi'nHe  lu  for  the  c<  to  fusion  of  changing  our  standard  of 
pipes  and  pipe  threads  aloue. 

The  fart  thiit  aetnal  j)ipe  sizes  are  r>lher  than  the  nominal  sue^ 
is  a  favorite  citation  of  the  metric  advocates  but  it  has  no  aj>plica- 
tion  %?hatever,  T/te  trouhU  Um  in  ohajtfjmg  an  edahlished  ^tand- 
^rd.  Entirely  apart  fr*au  the  discussion  of  this  snhject,  a  friend 
once  remarked,  '*  Our  ])ipe  and  pipe-thrt^ad  standard  is,  per  se, 
alxjut  as  bad  as  it  could  be,  but,  esitaljUshed  as  it  is,  the  man  who 
Won  hi  attempt  to  change  it  deserves  to  be  bung." 

The  diiieuspion  of  the  nimiber  of  figures  rcrjuirod  by  the  two 
syatema  may  be  continued  forever,  Mr.  Ilenniug's  count  is  un- 
fair because  it  assumes  that  all  diineiishius  «re  used  with  the  same 
frerpnuicy,  whereas,  in  reality,  we  avoid  fractiouj^  aud  use  round 
dze^  wberever  possilj^e,  Kelatively  speaking,  few  fractions  are 
used  for  dimensions  alxive  12  inclies  and  above  18  inches  they 
practically  disappear.  In  small  ilimensious,  sixteenths  are  used 
much  less  than  eighlhs,  thereby  saving  a  tignre.  Tlris  basing  of 
^*  proof  ^'  on  things  which  we  are  supposed  to  do,  but  which  in  |>oiufc 
of  fact  we  do  not  do,  is  thoroughly  nhartict eristic  of  the  metric  case, 
7y(c^  ?/*^^  of  round  dim^timonii  does  nut  rtduee  the  nurnher  of  fijnre^ 
With  tfw  metno  38  ii  dotm  mt/t  ike  Kn^fUsh  syde^n.  It  rerjuires  as 
many  figures  in  machim>-shop  i>raetice  U\  writi«  an  even  metre 
(IjOOO)  as  it  doe^  one  metre  ]dus  ime  millimetre  (1,001). 

Mr*  Ileaning's  assumption  that  his  little  count  has  proven 
^*  licyond  any  iloubt  the  vast  superi<jrity,  convenience  and  economy 
of  time  iti  the  use  of  the  metric  system  ' '  is  really  amusing. 

Finally,  what  reasons  has  Mr.  Ilenning  given  to  show  why  we 
shmdd  adopt  the  metric  syj^teiu  ?  Except  for  the  couut  of  tigiires 
just  discussed,  none.  What  has  lie  said  to  prove  that  the  adoption 
of  the  system  does  not  involve  the  destruction  of  all  mechanical 
standards?    Nothing* 

81 


482 


THE  METRIC   SYSTEM* 


Mr,  Geo.  W.  Colles. — "  Cliildrcn  cry  for  the  metric  system !  ** 
Such  IB  the  liiirclen  of  the  tiresome  rofrain  which  is  in>w  being 
shouted  through  the  land  with  reuewcd  vigor,  aini  hy  whom '? 
Not — so  they  tell  us — by  a  little  coterie  of  propagaiidistg,  but  by 
a  chorus  of  coniint^rcial  iiien^  jiiami  facta  re  rg,  eoUege  professors 
and  engineers  both  singly  and  in  grouj^Sj  by  resolutions  of  clnba 
and  societies.  With  such  an  apparent  array  of  forces  against  us — 
not  to  mention  the  whole  of  Europe — onglit  we^  the  mere  Itnndfnl 
of  u^  who  think  cHflfereiitly,  not  to  feel  very  small  indeed  and 
utterly  quenched  by  so  great  a  body  of  authority  ? 

It  has,  however,  been  wisely  observed  that  Vox  populi  vo:t  Dei 
is  a  dictum  not  to  be  trusted  in  science,  Uut  to  call  the  present 
agitation  a  popular  demand  for  the  metric  system  would  be  ridie- 
nlou^,  for  all  the  evidence  thus  far  presented  L>ears  the  nnniistak* 
able  earmarks  of  **  testimonials  "  of  a  private  nostrum— a  miscel- 
laneous assortment  of  endorsements  collected  here  and  there,  by 
hook  or  by  crook,  and  the  majority  of  which  are,  as  Mr,  Tlalif^ey 
pithily  remarks^  mere  offhand  opinions  of  the  '*  It^s  a  good  thing, 
push  it  along  "  order^  which ^  as  against  rmsoUj  logic  and  common 
sense^  are  of  no  weight  whatever. 

The  queerest  and  most  ineKplicable  part  of  this  performance  is, 
however,  that  ^o  many  are  found  to  (indorse  the  metric  system, 
and  so  few  to  t/sc  it.  If  they  want  it,  why  don't  they  nse  it  'i  Why, 
for  instance*  tloesn't  Mr.  WeBtinghouse  eiuplDV  it  exclusively  in  his 
numerous  manufacturing  industries^ — especially  for  electrical  ap- 
paratnsj  to  which  it  should  be  peculiarly  adapted?  Why  don't  the 
civil  engineers  get  together  and  resolve  to  nse  it  in  their  profes- 
sional Tvork,  their  rlramngs*  speeitications  and  estimates?  This 
at  least  would  make  a  good  beginning,  would  show  by  the  force  of 
example  what  <'ould  be  done.  The  answer  is,  as  Mi\  Ilalsey  gives 
it,  '*  Because  they  cannot;  because  measures  of  length,  etc."  They 
ham  tried  it  and  failed.  (See  TransaclionSj,  Toh  xviii,,  page  576*) 
In  not  one  single  case  have  they  succeeded.  So,  having  failed  In 
tlieir  own  efforts  to  introduce  the  metric  system,  tht»y  seek  tlie  aid 
of  compulsory  laws  to  force  it  on  those  who  do  not  want  it. 

It  is  deserving  of  note  in  this  eonneetion  that  while  innumerable 
cdher  standards  of  measurement,  %vhether  by  grathial  spread,  ar 
by  definite  agreements  of  manufaetnrers,  have  reached  and  are 
reaching  a  state  of  general  aeerptanee  and  uni^^ersality  in  this 
country  in  not  one  single  instance  luvs  the  metric  system  or  any 
of  its  uiiita  become  the  accepted  standard  for  anything,  either  in 
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tills  or  any  other  country  during  the  110  years  of  its  existence, 
save  Ijv  governTTiental  coercion,  anrl  then  only  partially  and 
through  acts  of  tryanny  which  are  not  and  iiever  will  he^  I  thank 
hoaven,  a  thinkable  }>ossibility  in  this  free  country  of  ouri. 

It  i^  naturally  a  yatis^faction  to  me  ijeryonally  to  note  that  at 
least  one  person  has  come  independently  to  precisely  the  conclusion 
expressed  by  me  in  my  paper  of  six  years  ago*  The  conclui^ion  I 
partieiihirly  refer  to  h  (TmnsacfionSy  yoL  xviii.,  page  58T): 

'*  IS-  That  .  ,  ,  adoption  has  been  merely  nominal  in 
most  or  in  all  cases,  except  France ;  that  even  there  the  old  namea 
and  tlic  old  values  are  still  iu  daily  u.-ie,  and  that  the  Govenmient 
finds  itself  powerless  to  contend  with  tlieni/^ 

The  discussion  of  ray  paper  brought  out  a  strong  dissent  to  this 
conclusion,  to  which  I  replietl  liy  citnig  further  exanijdes  (Discus- 
Mon,  pages,  BOT-GOf*),  concluding  with  the  following  sentence: 

**  Lf  any  one  would  take  time  to  look  into  the  matter  for  the 
purpose  of  overthrowing  the  partisan  evitlence  of  the  metricistaj 
r  Itaven't  a  part.ick*  of  doubt  a  masss  could  be  collected  which  would 
turn  theirs  to  ridicule. 

1  think  it  was  Darwin  who  remarked  that  false  observations  are 
always  more  persistent  and  harder  to  overtlirow  than  false  tlieories, 
a  saying  of  which  this  case  is  an  <?xccdlcnt  illustration.  The  state- 
ment tliat  the  nations  of  Europe  are  absolutely  and  exclusively 
metrical  has  been  so  repeatedly  and  forcibly  made  by  its  par- 
tisans, that  even  the  more  skeptical  among  us  have  come  to 
treat  this  as  a  well-established  fact  But  nothing  could  be  more 
iUusfiry* 

For  a  vindication  of  the  sentence  above  quoted,  I  need  now  only 
refer  to  this  ]>apcr,  I  am  glad  to  see  some  one  besides  myself  has 
undertaken  to  collect  evidence  on  this  question.  But  while  I  think 
the  author's  evidence  does  plainly  turn  the  mere  negative  state- 
ments of  the  metricists  to  ridicule,  let  it  be  remarked  that  even  tbis 
evifl(*nce  is  of  but  a  \'ery  fragamentary  nature  (I  drm^t  suppose  h(^ 
id  aims  it  to  be  anything  else),  and  does  not  pretend  to  tell  the 
wdiole  truth.*  As  regards  myself,  I  may  say  that  it  was  only  after 
I  had  written  my  paper,  al>ove  cited,  that  the  evidence  referred  to 

*  Mr  CoUes  is  exactly  right.  My  Inquir)*  is  sueh  an  one  ag  it  is  possible  to  coii- 
duH  by  correspotidetife  during  spare  moments,  and  with  tht^  Atlantic  Ocean  be- 
tween thft  inquirer  and  the  thing  inquired  into.  If  such  an  inquiry  will  develop 
tucb  fftote  as  these,  whut  tnaj'  he  expected  of  an  inve^itigation  made  upon  the 
ground  by  one  who  should  look,  eeeking  to  find  instead  o£  seeking  not  to  find? 
F.  A.  H. 
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began  really  to  pile  up  and  accumulate  in  such  masses  that  I  was 
obliged  to  abandon  the  task  of  compiling  it  for  lack  of  time. 

Such  evidence  as  is  here  collected  is  open  to  any  one  having  a 
knowledge  of  foreign  languages  and  access  to  foreign  books  and 
(especially)  periodicals,  so  that  he  who  runs  may  read.  Nobody, 
for  instance,  can  pick  up  a  South  American  journal  and  examine 
the  market  reports  without  noticing  that  the  vara,  fanega  and 
arroba  are  as  commonly  and  universally  used  to  measure  commodi- 
ties in  those  countries  as  the  foot,  bushel  and  pound  are  with  us. 
The  fact  that  metres  and  kilogrammes  also  show  themselves 
counts  for  nothing — at  least  nothing  in  their  favor.  It  merely 
shows  that  confusion  has  been  either  introduced  or  worse 
confounded  by  them.  As  for  Germany^ — aside  from  books  and 
papers,  I  have  frequently  seen  such  terms  as  "  zoU  "  (inch)  and 
"  pfund  "  (pound)  even  in  patent  specifications ^  issued  by  the 
Imperial  Patent  Office — the  strictest  in  the  world,  and  which 
regularly  requires  unused  and  unusual  terms  to  be  eliminated. 
(These  facts  are  well  within  my  personal  knowledge  and  observa- 
tion.) If  such  terms,  which  are  forbidden  hy  law  to  he  used,  even 
by  the  common  people,  are  not  simply  not  frowned  on,  but  acttcaily 
passed  hy  without  comment  in  government  docuinents^  it  surely 
re(|uiros  no  Kantian  deductive  powers  to  conclude  that  they  are 
terms  in  common  use  in  Germany  to-day,  notwithstanding  all  the 
legislative  thunders  that  have  been  launched  against  them,  from 
1S()8  to  11)0:5.  And  if  the  names,  then  why  not  the  things?  I 
pause  for  a  roi)ly. 

Xow  read  the  testimony  of  Mr.  Ilenning  (Transactions ,  vol. 
xviii.,  page  602) : 

While  the  author  has  carefully  rehearsed  all  attempts  to  introduce  the  metric 
system  in  Great  Britain,  the  United  States  and  France,  he  totally  ignores  the 
successful,  rapid  and  pi^aeeful  change  made  in  Germany,  where  it  has  taken  only 
one  generation  to  almost  produce  oblivion  of  all  jtrevious  systems,  in  spit<i  of  his 
assertion  that  the  English  inch  is  still  the  only  standard.  Of  course,  when  ex- 
plaining to  Englisli-spt'aking  persons  what  19  millimetres  (sic)  means,  he  will 
always — remembering  their  unfamiliarity  with  the  metric  system — say  about  one 
inch ;"  but  thet/  never  use  such  ?rieasure,  nor  can  one  be  found.  As  to  the  common 
people,  who  from  childhood  hear  nothing  but  metres  and  kilos,  they  use  no  others, 
in  spite  of  the  author's  statements  to  the  contrary,  as  I  have  learned  through 
personal  experience. "     [Italics  mine.]    S 

Some  of  tlio  facts  brouglit  out  hy  Mr.  Halsey — such  as  that  in 
Venezuela  tlie  metre  is  practically  unknown — are  news  to  me,  I 
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must  ronfess,  and  go  a  stop  farfben*  tlian  I  ^vould  have  daroJ  to 
prodict,  Note  abu  (jinnigTapIi  -ir:^)  tliat  Mexico  is  still  WHllowiiig  in 
the  slough  of  **  Anierieaii  inertsniTiiieiita/^  and  eomparc  with  Mi\ 
Fairbanks'  testimony  (voL  xviii*,  page  506,  1806) : 

"  ^riie  fat: Is  ol  the  matter  are  that  diiriijg  the  loet  year,  the  Rjepubhc  of  Mexico 
hasi  a<iopt4-'it  the  metric  system  and  enforced  il .  »  .  *  As  aotm  a^  thi*  p(Mi|*|i^  saw 
tlirtt  tin*  matter  wtts  itolng  to  l^e  enforced,  they  took  it  up.  It  wan  earri^'d  i>m(  liy 
t}w  ^ovvruuumt,  and  there  is  at  pn?3ent  no  state  in  Mexico  when*  the*  j7(?ople  an* 
not  ilfiing  their  Uusjuess*  by  the  metric  s>'^teni  and  ernployinfC  it  tor  all  their  1  rana- 
ac't  i  oris .  .U  y  remarks  a  re  Immd  on  pcrmnal  o/js^yrra  ( io  n  mth  i  n  thv  iu  st  I  wv  m  on  Ih^ . '  * 
(Italics  mine.) 

^^Eppur  si  fnuore!''  It  is  evident  that  tire  M('xi<'ini  ruilwaya 
lire  run  only  for  tlie  benefit  of  **  gringos/* 

The  author' t^  snggestive  picture  of  the'ei%nl  engint?ers  deiuaoding 
eoniiHilj^nrv  use  of  the  metric  system  for  everything  bnt  land 
nieasuretnent.^,  and  the  nieehanieal  t-ngineery  for  everything  hut 
serew  threads,  is  [mranelid  by  tbe  htws  of  ^some  "  metrie  ^^  conn- 
Iries^  (f,f;,,  Senegaiidxia,  where  it?^  nse  is  o!)]igatnry  for  everything 
except  frvilH.  L(dn-elotlis  ntiglit  nlsn  have  been  advantageonsily 
exeepted. 

There  is  one  poijit  with  relation  to  the  legislative  aspect  in  this 
eonntry  to  wdneli  the  anthor  rlcx^^  not  give  the  proinint*nee  he 
f^lionhi  I  refer  to  the  position  taken  by  our  (Vmgre^sional  Coin- 
niitree  on  Coinage,  Weights  and  Men sn res.  Thi^  eomntittee,  in- 
!*tpad  of  being,  at?  it  yhoidd,  an  inipnrtial  t>ody  of  judges  sitting  to 
con&ider  fairly  all  ni ensures  submitted  to  it  and  adopting  the  most 
prat*ti('able  ones,  has  been  eonsiatently  a  sc^at  of  the  metric  propa- 
ganda froitj  the  beginning  till  now.  The  last  bulletin  pubKshed 
i*  only  one  of  many,  all  of  the  same  sort  The  fact  that  the  testi- 
mony is  all  one-sided  may  be  tnken  ns  indieii Hng  simply  that  some 
Hfjrr  of  ^^^Prith*'*^  Purge**  has  been  adnnnistered  to  keep  out  the  testi- 
mony on  ihe  other  side — for  to  pretend  tliat  none  exists  is  absurd- 
It  has  been  simidy  Ignored,  that  is  alK  and  the  argnutents  against 
the  nietrie  system*  the  report  of  John  Qniney  Adams,  and  the 
pnldished  eonfntntions  of  partisan  nllegation&  simply  smiled  out  of 
existence  (Hee,  for  inst^nee,  the  ]jretended  canvass  of  government 
officials  in  IHl^ti,  which  embraced  only  eleven  replies  (8  favorable) 
aft  against  2-1  replies  (0  favorable)  in  1^77.  Pnder  these  cireum- 
staneod,  it  would  be  improjier  to  conebnle  from  the  Committee's 
circnbr  tluit  tht^  majtnnty  of  tliose  eoneerned  really  favor  the 
measure*    We  have  not  yet  heard  the  other  6ide» 


486  TUE  METRIC   SYSTEM. 

There  is  one  statement  made  in  the  paper  to  which  I  must 
take  exception.  In  the  foot-note  on  page  4,  the  reports  of  Adams 
and  Prof.  Davies  are  linked  together  in  one  breath  as  representing 
"  the  only  American  investigations  of  this  subject  worthy  of  the 
name  which  have  ever  been  made."  It  may  doubtless  be  admitted 
that  subsequent — examinations  of  these  questions  such  as  those  of 
Dr.  Barnard,  the  Franklin  Institute,  J.  K.  Upton,  J.  W.  Nystrom, 
the  Boston  Society  of  Civil  Engineers,  etc.,  are  not  worthy  to  be 
called  investigations;  but  the  apotheosis  of  Professor  Davies  in 
this  manner  as  the  equal  of  Adams  quite  takes  the  breath  away, 
and  is  unavoidably  reminiscent  of  the  nursery  rhyme,  *^  Said  the 
flea  to  the  elepliant  who  are  you  shovin'.''  The  report  of  Adams 
took  four  years  of  thoroughgoing  and  devoted  attention  and  labor 
such  as  has  never  before  or  since  been  given  the  subject,  and 
occupied,  wuth  the  ai)pendix,  nearly  250  octavo  pages.  The  report 
of  Professor  Davies  consists  of  a  reprint  of  Adams'  report, 
Sir  John  nerscheFs  lecture,  and  about  28  16mo  pages  of  intro-  - 
ductory  matter,  largely  a  '"  me  too  "  of  Adams,  to  whose  report, 
says  Davies,  "  nothing  can  be  added  " — at  any  rate,  it  is  certain 
he  added  little  to  it.  The  greatest  merit  of  this  report  was  that  it 
made  Adams'  report  accessible  to  the  public*  Mr.  Halsey  com- 
plet(»ly  omits  mention  of  the  numerous  British  reports  and  writings 
on  the  subject  which,  with  this  one  exception  (Adams),  are  of  far 
greater  im})ortance  and  merit  than  ours. 

Another  point  to  which  sufficient  emphasis  is  not  given  either 
by  the  author  of  this  or  of  any  other  paper  is  the  question  of  deci- 
mal divisions.  It  is  a  curious  fact  that  almost  every  new  metro- 
logical  scheme  that  has  ever  been  put  forward  has  embodied  deci- 
mal relations  of  its  units,  and  has  based  its  claims  to  superiority 
chiefly  on  that  fact.  U'he  point  I  wish  to  nuike,  and  on  w^hich  I 
take  my  firm  and  em])hatic  stand  is,  that  the  decimal  divisions  are 
positively  the  worst  feature^,  nay  the  absolutes  danmation  of  the 
metric  system  ;  and  tliat,  in  fine,  7io  si/stem  founded  on  decimalism 
can  ever  ohtahi  voluntary  and  general  acceptance  in  any  country. 
The  reason  for  this  is  simple  enough,  though  it  has  been  entirely 
overlooked  by  writers  on  botli  sides  of  the  question.  It  is  simply 
that  tlie  primary  use  of  weights  and  measures  is  for  measuring j 

*  As  both  the  oripnal  and  Davies  reprint  of  Adams'  report  are  now  out  of 
print,  it  is  up  to  the  Committee  on  Coinage,  Weights  and  Measures  to  reproduce 
it.  By  doing  so  they  would  perform  a  far  greater  service  to  the  public  than  by 
their  endless  pages  of  "  testimony." 
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and  caUulalion  is  only  Bccondaiy.  Now  for  weigliing  and  measur- 
irj^  it  is  neces.sarv  that  the  uiiit^  should  be  Jivisiihlu  into  all  the 
&iiji)ilt!  aliquot  piirts,  2,  ti  and  4— hut  c^iieoially  iJ,  and  a  diviHioii 
into  five  h  )>ractR*ably  imusidjle*  I'his  reasou  is  tlierefore  based 
ratlKT  on  aUntraet  general  jjritii'ipkL^  than  *m  tli**  human  eon.stitu- 
tion,  and  eannot  ije  coDsiUurt'd  to  be  any  difftrent  in  one  eountty 
fv**}ii  another.  How  strange,  tlien,  that  all  system-mongers  shonld 
.seek  by  deeinnil^  only  to  irnike  their  system  look  simple  on  paper, 
and  entirely  forget  the  fact  that  not  a  single  unit  of  their  own 
daily  use  is  no  divided ! 

iJiies  it  ever  really  oecnr  t-o  anyl;»otly  that  if  tenths  and  hun- 
dretlthjs  of  an  ineli  were  more  eimvenient  for  gem^ral  u§e  than 
ei^ihthfl  and  i^ixty -fourths,  they  wonld  be  in  general  use,  instead  of 
I*eing  rest rie ted  to  the  sjun-ial  uyes  where  they  are  niarv  convenient? 

But  for  the  decimal  divisions,  the  metrie  system  wonld  perhaps 
have  a  fair  ehanee  of  nltiiuate  sueeess.  With  tlie  deeimal  divisiona, 
tlie  metric  system  nnist  and  will  beeome  extinct,  notwithstanding 
all  the  laws  of  tdl  the  govennuents  in  the  world,  as  all  other 
decimal  syjstems  have  done  before  it.  The  laws  of  nature  are 
ndghtier*     I^et  us  not  forget  that, 

I  am  glad  to  see  that  I  have  now  at  least  one  adherent  of  the  posi- 
tion taken  by  nu*  in  IhlHi— ^iliHt  it  is  impossthh'  to  supplant  our 
jiressent  weiglits  and  measures  either  by  tlie  metric  or  any  similar 
svitteni.  You  may  '*  ailojrt "'  it  and  ^*  adopt  '*  it  as  often  and  aa 
vehemently  as  jou  Like,  Init  the  (Mng  cannot  i*r  dmw.     Not 

"  Altlioagh  th^  crowded  orb  should  ery 
likt*  those  who  cried  Diana  great/' 

That  i«  the  Alpha  and  Omega  of  the  whole  question. 

And  fimdly,  in  all  this  ]iow-wow  among  ftcieutih^ts,  engineers, 
learned  sorieties,  ehamlx^rs  of  Cfiiunn*ree,  manufaetnrers,  ''  prae- 
ti<'ul  **  and  unpraetieal  men — ^wdiere,  fiually,  do  the  i)eople  appear  I 
The  pe*)pk_^?  Ah!  we  had  forgotten.  Ask  the  man  on  the  street, 
for  in>^tiuir*%  whether  he  \^  in  favor  of  the  metrie  system?  Oo 
and  mk  funoera,  housmvivestj  latorers,  elerki?,  business  men  the 
same  f[nestinu.  Tn.ntead  of  answering  for  them,  let  me  eonehnle 
with  a  jiarahh^ — -pa raider  are  often  useful — drawn  from  real  life, 
A  eei'tain  regimental  officer  (the  rank  h  no  matter)  of  the  Blne- 
grsLm  State,  the  story  relates,  had  a  prize  game-erx-k  which  Iiad 
provetl  vietorions  over  all  antagonists,  and  whose  owner  went 
abtrnt,  like  Alexander,  vociferously  seeking  new  aiiimab  to  eon- 
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qiier.  A  grizzled  countryman  offered  to  lay  liim  a  wager  that  his 
cock  was  a  "  no  account "  animal,  and  could  not  even  fight  a 
buzzard.  The  wager  was  accepted,  and  the  two  animals  set  face 
to  face  ill  the  arena,  being  tied  together  by  a  cord  attached  to  a 
leg  of  cacli  to  ensure  a  fight  to  a  finish.  The  unpolished  rustic, 
however,  not  precisely  comprehending  his  cue,  ogled  his  would-be 
adversary  for  a  moment  or  two,  and  then  giving  him  a  melancholy 
wink,  simply  spread  his  wings  and  flew  aivay — dangling  Monsieur 
Chanticleer  behind  him. 

The  bearing  of  this  parable  lies  in  the  application  of  it. 

Dr,  Henry  S,  Pritchett* — Mr.  Ilalsey's  article  upon  the  metric 
system  recalls  to  me  a  reply  which  Thackeray  upon  one  occasion 
is  said  to  have  made  to  Carlyle.  It  seems  that  a  company  of 
literary  men,  amongst  whom  were  Carlyle  and  Thackeray,  in  the 
course  of  after-dinner  conversation,  had  fallen  upon  a  discussion 
of  tlie  merits  of  'J'itian.  One  man  spoke  of  his  remarkable  ability 
to  draw,  and  remarked  that  this  was  an  interesting  fact  about 
Titian.  Anotlier  spoke  of  his  sense  of  color,  and  that,  said  he,  is 
another  fact  about  Titian.  At  this  ])oint  Carlyle,  who  was  much 
bored  by  the  conversation,  broke  in — "  And  here  sit  I,"  said  he, 
"  Thomas  Carlyle,  a  man  made  in  the  image  of  God  who  neither 
knows  anything  about  Titian  nor  cares  anything  about  Titian,  and 
that/'  added  lie,  ''  is  another  fact  about  Titian.''  "  Excuse  me," 
said  Thackeray,  ^'  that  is  not  a  fact  about  Titian,  that  is  a  fact, 
and  a  very  much  to  be  regretted  fact,  about  Thomas  Carlyle." 
Now  the  statements  which  Mr.  Ilalsey  makes  as  to  the  survival  of 
old  standards  of  weight  and  length  in  various  countries  have  signi- 
ficance, not  in  showing  the  fitness  or  unfitness  of  the  metric  system; 
but,  as  showing  the  strength  of  conservatism,  even  amongst  an 
intelligent  people. 

Mr.  TIalsey's  arguments  may  be  grouped  under  two  statements: 

(1.)  The  metric  system,  even  in  the  countries  where  it  has  been 
officially  a(l()j)ted,  has  not  wholly  displaced  old  standards  in  certain 
industries. 

(2.)  The  old  standards,  and  particularly  the  standards  of 
length,  are  so  interwoven  with  the  past  that  they  can  be  replaced, 
if  at  all,  only  after  long  la]>ses  of  time. 

With  regard  to  the  first  of  these  arguments,  it  may  be  said  that 
the  reasons  for  the  retention  of  old  standards,  as  in  the  textile 

*  President  of  Massachusetts  Institute  of  Technology.     By  invitation. 
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industries,  for  example,  were  bevond  tlie  control  of  any  one  eoim- 
try.  Snch  indnsitrios  would  ntihiniUy  hi*  those*  m  which  con- 
&eFViitism  woidd  long<*s^t  wait  the  adoj>tioii  of  a  world  &vst.cm. 
Even  under  these  eircumataHces  the  sUtemeiUs  of  Mr*  Ilnlsi^y 
seem  to  loe  ciiiite  out  of  pert*] ire tive,  aiul  to  lie  brought  forward 
to  prove  a  theory  rather  tlian  to  present  the  faets,  Tliu?^,  iu  re- 
ferring to  the  imu'Tise  in  Mexico,  Mr,  HaUey  quotes  the  testi- 
mony of  an  Am*u"ieaTi  superinteudeut  of  motive  ]Kiwer  to  prove 
tliat  the  Engiii^h  standards  of  weight  and  length  are  used  in 
Jlexieo.  It  is  dittieult  to  take  this  t^ort  of  argument  seriouslyj 
sinet*  tlie  Mexieaii  railroad!^  rininiug  from  the  United  States  into 
Mexico  are  praetieally  American  roads,  and  their  ecpiipment  is 
received  from  the  Tnited  iStates,  That  they  ghouM  use  tmr  stand- 
ards  m  m  natural,  even  n^  necessary,  a,H  it  won  hi  be  to  use  tliinse 
nieaBures  for  railroad  etpuimient  in  tlie  United  States.  If  Mr, 
Ilakey  will  go  outside  the  meehanieal  di'partment  oi  these  Ameri- 
C-air  road.s  he  will  find  it  irrijK^ssible  to  do  business,  except  in  the 
metric  system;  and  if  the  Ijiited  8tat(*s  should  adopt  tlie  metric 
system  there  would  he  no  longer  such  survivals  in  Mexico,  In 
other  words,  while  in  certain  very  limited  industries  the  adoption 
of  ttic  metric  system  has  l>een  slow,  these  delays  have  in  nearly 
all  caj^\»^  l>een  ilependent  on  international  rather  than  national  con- 
ditions, and  in  the  aggregate  are  insigniticant, 

The  si*cond  argnioeot  nf  Mr,  llalsey,  in  wliich  lie  objeeti^  to 
tin*  liietric  system  because  there  is  sonu*thiug  fundaujcrjtjil  and 
sacred  in  the  standards  of  the  past^  particularly  in  the  standards 
of  h/ngth,  is  itself  wu  interestiug  evidence  that  liunian  conservatism 
C4in  outlive,  in  [jurticular  iiistu!it*es,  any  seienlitic  evith'nce*  The 
evidence  w^hich  Mr.  llal^ey  preisents  in  favor  of  rids  theory  h 
ahsolutely  valueless.  It  is  deliglitfiil  to  read  Mr*  Halsey's 
warning,  **  tluit  measures  of  length  are  tied  irrevoeahly  to  tlie 
past.**  This  statement  seems  to  me  reactionary,  and  one  baee*l 
upon  a  wrong  view  <if  human  hist^jry.  Meai^ures  of  length  are 
arlutrary  nints,  ar!opte<l  for  one  reason  and  another  by  various 
peoj>les.  When  a  people  has  become  aecns^tomed  to  one  unit  the 
change  to  an  father,  even  to  a  better  or  more  convenient  one,  in- 
volve** u  certain  amount  of  trouble  whieli  tlie  onlinary  citizen  ilis- 
likes  to  take.  The  argunnmt  for  the  preservation  of  old  and  in- 
convenient standanls  rest«  on  no  other  basis  than  this  inertia  of  Uig 
general  mass  of  mankind.  In  rvery  movement  which  looks  toward 
a  i^impliticatiiin  of  the  world's  work  some  lociil  tradition  needs  to  be 
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surrendered;  and  such  surrender  always  calls  out  the  protest  of 
the  ultra-conservative  mind.  The  reader  who  is  willing  to  study 
this  characteristic  of  the  human  mind  will  find  a  very  interesting 
parallel  to  Mr.  Ilalsey's  arguments  in  the  discussion  which  went 
on  for  years  over  the  adoption  of  a  uniform  day  instead  of  a  solar 
day,  for  the  calendar  year  instead  of  the  equinoctial  year,  and  for 
standard  meridians  instead  of  local  time.  All  of  these  changes 
involved  the  surrender  of  old  and  time-honored  standards — stand- 
ards Avhich  to  many  minds  possessed  the  sanctity  of  divine  appoint- 
ment. Mr.  Halsey's  quotations  of  facts  seem  to  me  far  from 
trustworthy,  so  far  as  I  am  able  to  test  them  from  my  own  knowl- 
edge, but  they  are  not  half  so  interesting  as  the  spectacle  of  a  man 
who  comes  forward,  as  the  representative  of  the  twentieth  century 
engineer,  to  maintain  the  thesis  that  the  standards  of  length  are 
irrevocably  bound  to  the  past,  and  that,  therefore,  the  engineers 
must  stay  with  them,  also,  I  suppose,  irrevocably  bound  to  the  past. 

But,  if  I  may  speak  more  seriously,  and  I  confess  it  is  a  little 
diflScult  to  speak  with  entire  seriousness  concerning  a  paper  like 
that  under  discussion,  I  beg  to  ask  the  attention  of  the  engineers 
of  this  Society  to  the  real  questions  to  which,  as  it  seems  to  me, 
an  engineer  will  address  himself  in  considering  this  problem,  ques- 
tions which  are  entirely  lost  sight  of  in  such  a  paper  as  that  under 
discussion.  Briefly  stated,  the  fundamental  questions  seem  to  me 
to  be  these. 

(1.)  Is  a  common  system  of  weights  and  measures  for  the  whole 
civilized  Avorld  a  desirable  thing?  If  it  is  not  desirable  the  discus- 
sion is  ended,  and  there  is  no  need  to  go  further.  If  it  is  desirable 
the  next  thing  to  be  settled  is, 

(2.)  Are  the  benefits  to  be  gained  by  a  universal  system  of 
weights  and  measures  sufficient  to  justify  a  country  (say  the  United 
States)  in  surrendering  its  present  system  to  adopt  such  a  world 
system  ? 

This  is  the  really  serious  question.  Personally,  I  believe  that  no 
qualified  engineer  (excej)t  the  rare  man  of  ultra-conservative 
tendencies)  can  look  over  the  evidence  Avithout  coming  to  the  con- 
clusion that  our  own  system,  or  lack  of  system,  is  very  poor,  and 
that  the  proposed  changes  would  involve  far  less  expense  and  far 
less  trouble  than  is  generally  believed.  Xo  one  pretends  that  this 
change  can  be  made  without  trouble  or  without  expense;  but  the 
question  whether  the  complete  ado]>tion  of  the  new  system  requires 
five  or  ten  or  twenfy  years  is  really  of  secondary  importance,  if 
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in  tlie  end  tliere  is  had  uniformity  of  practice  for  the  whole  world. 
Such  mechanical  questions  as  a  uniform  measure  of  the  pitch  of 
screws  will  ^olvc  themselves  when  England  and  America  come  into 
the  world  systetn.  The  engineer  who  satistica  himself  that  the 
change  is  worth  the  making  will  then  address  himself  to  the  ques- 
tion, 

(3.)  Is  the  metrie  system  one  fitted  to  answer  the  needs  of  the 
civiExed  world,  and  has  it  already  gained  such  genera!  adoption 
as  to  make  it  available  as  a  world  system  ?  The  data  for  answer- 
ing the  first  part  of  this  question  are  easily  accessible;  and  I  do  not 
tliiide  it  hard  to  show  that  action  hy  the  United  States  in  adopting 
the  metric  system  would  soon  lead  to  similar  action  on  the  parts 
of  Kngland  and  i^nssia,  and  thus  bring  ahuut  a  worhl  system* 

I  venture  to  suggest  that  these  fundamental  questions  are  those 
to  which  the  engineer  of  to-day  ought  to  address  hiuisclf,  rather 
than  to  considerations  of  secunrlary  importance  aurli  as  those  raised 
by  Mr.  llalsey's  paper.  The  difficulties  of  a  mechanical  sort  to 
wliich  he  calls  attention  will  disapj>ear  in  a  univer?^nl  system;  tlie 
transccndeurul  questions  whieli  lie  diseusscs  are  of  interest  to  the 
transcendentalist,  but  not  to  the  engineer. 

Mr.  F,  A,  llahey. — In  reply  to  ITr.  Pritchett,  I  would  sav  that 
it  is  gratifying  t/)  find  that  the  nu*tric  advocates  are  at  last  hcgin- 
tJing  to  recognise  that  the  changing  ui  a  people's  weights  and 
measures  is  a  matter  of  serious  difficulty.  Against  the  flippant 
assertions  of  its  ease  heard  in  Washington,  we  may  place  Dr, 
Pritchett's  admission,  that  in  the  textile  industry  the  matter  is 
**  beyond  the  control  of  any  one  country/'  Jin  Hcnning  has  nnide 
a  similar  admission  regarding  old  units  in  the  textile  and  Oennan 
ship-bulidiag  industries;  and  Dr.  Pritchett*s  ex]danation  of  the 
praetfce  of  the  Mexican  Central  Railway  is  of  the  same  kind. 
Here  are  two  metric  advocates  who  have  advanced  far  enough  to 
recognise  tfiat  the  question  is  of  international  magnitude.  There 
is  lioj>e  ffir  bc^th  of  thom* 

We  ha  VI'  Ikhmi  told  hy  Mr,  Troeriiner,  paragraph  36,  that  Mexico 
*^  nnide  the  jump  at  once  from  one  standard  to  the  other/'  which  I 
have  shown  is  not  the  fact,  I  am  obliged  to  Dr.  Pritchett  for 
supplying  an  additional  reason  for  tins  persistence  of  old  units,  but 
musi  remiml  him,  as  1  have  reminded  Mn  Henning,  that  it  is  the 
fact  of  the  persistence  which  is  awkward  for  him,  and  that  addt- 
tioiral  reasons  do  his  case  no  good*     When,  howe%'cr,  was  a  special 

pensation  made  exempting  the  operation  of  American-owned 
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railroads  in  Mexico  from  the  Mexican  compulsory  metric  law,  and 
how  much  application  does  this  explanation  have  to  the  Mexican 
experiences  of  Messrs.  Canby  and  Braschi,  paragraphs  37  and  38. 

"  Outside  the  mechanical  department  of  these  American  roads 
he  will  find  it  impossible  to  do  business,  except  in  the  metric 
system."  And  by  the  testimony  of  Messrs.  Canby  and  Braschi  it 
is  equally  im])ossible  to  do  business,  except  in  the  English  and  the 
old  Spanish  systems. 

Xowhere  have  I  said  that  there  is  anything  sacred  in  the  stand- 
ards of  the  past.  Linear  measures  are  tied  to  the  past  by  physical 
— not  sentimental — ties. 

"  The  evidence  which  Mr.  Halsey  presents  ...  is  ab- 
solutely valueless.''  I  have  shown  the  difficulties  of  this  change 
to  be  so  great  that  the  old  system  is  still  in  large  use  in  France 
at  the  end  of  a  hundred  years,  and  Dr.  Pritchett  regards  this 
showing  as  "valueless."  What  showing  would  he  regard  as  valu- 
able ?  What  showing  could  l)e  more  valuable  ?  Are  we  to  enter 
upon  this  program  trusting  to  his  cheerful  belief  that  these  diffi- 
culties "  will  disappear,"  or  shall  we  inquire  into  the  experience  of 
the  rest  of  the  world  ? 

"  The  argument  for  the  preservation  of  old  and  inconvenient 
units  rests  on  no  other  basis  than  this  inertia  of  the  general  mass 
of  mankind."  As  an  absolute  failure  to  comprehend  the  funda- 
mental elements  of  the  subject,  that  statement  represents  the  limit. 
The  changes  in  the  calendar  and  time  systems  to  which  he  refers 
have  no  a])plieation,  because  no  property  loss  nor  sacrifice  of  any 
kind  was  involved  in  those  changes.  The  adoption  of  the  metric 
system  is  opposed  because  it  will  cost  more  than  it  is  worth.  The 
changes  referred  to  cost  substantially  nothing. 

To  Dr.  Pritchett's  fundamental  (piestious,  I  give  my  unqiiSified 
assent.  Except  for  its  a])pendix  this  paper  discusses  the  second  and 
tliird  and  not  much  else. 

Ill  uiy  own  estimation  I  liave  discussed  this  subject  from  the  most 
practical  of  factory  standjHjints.  In  the  estimation  of  Dr.  Pritchett 
I  am  a  transcendentalist.     Obviously  we  sliall  not  agree. 

Finally,  wliat  reasons  has  Dr.  Pritchett  given  for  our  adopting 
the  system  ?  Exce])t  liis  reference  to  the  desirability  of  a  universal 
system  to  which  we  all  agree  as  we  do  to  the  desirability  of  a 
universal  language — not  one.  What  proof  has  he  given  that  the 
ado])tion  of  this  system  does  not  involve  the  destruction  of  mechan- 
ical standards  ?     Except  the  assertion  that  these  matters  "  will 
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solre  tliemsclvoB " — none.  Wliat^  has  he  said  to  show  that  the 
trimfitinii  poviod  will  not  la^t  a  ecmtiirv?    Nolhutg. 

lh\  vL  E.  K('tuipUif, — ^lln  liakej'g!  pa|!or  h^  1  think*  the 
strongest  preeontatioii  tliat  hm  beon  made  against  the  adoption  r>f 
the  UK4rie  systeiii,  nnd  ai^ainsf  (lit?  Motrie  Sv.^tcjt))  bill  now  ponding 
bi^fon*  Con^rcssi.  It  nierit?^,  therefore,  careful  attention,  Buwe  a 
jneasiire  of  sittdi  ^rcat  national  and  intonmtioiial  importaneo  as  the 
rhan*re  of  the  ivtKtnal  ^y.-^teni  of  weigliti?  and  rnoai^ures  Ifi  tins 
count rv  jshould  not  l>e  made  without  the  fullest  con&ideration  of 
all  i^irh^s  of  the  snbjeet. 

I  regret,  however,  that  I  am  unable  to  agree  with  Mr*  Kalsey. 
I  have  no  personal  knowlcHlge  of  the  methods  of  nianufaoture  in 
the  textih'  indnstries  of  France  and  Gernifiny;  litit  I  do  know  that 
tlie  nse  of  the  metric  system  in  those  and  in  other  European  coun- 
tries h  practically  nniversal ;  tliat  the  metric  system  lias  snpplantrd 
ill  those  conntriey  Rvstems  as  fantti^tic  and  antitpuited  a^  our  own, 
and  that  the  8atisfaction  given  to  the  people  by  the  wse  of  the 
B\"stcni  in  those  countries  appears  to  be  coniplete.  Assuming  the 
evidence  addncf^d  in  the  paper  to  be  indisputable,  concerning  the 
nm  of  elk,  leas,  inches  and  tikeins,  in  European  textile  industry, 
tJien  tlie  w*nglit  of  this  evidence  is  admissible  to  show  that  thirty 
years  after  the  metric  system  sha*ll  liavc  been  adopted  in  the  Ignited 
States,  there  will  be  persons  still  clinging  to  inches,  yards,  quarts, 
perclies,  etc.  lint  it  would  t)c  jnadniissihlc  to  indicate  that  tlie 
gri*at  mass  of  the  people  would  not  be  u^ing  the  metric  system  with 
Ijenefit*  Inhere  arc  quite  a  number  td  ]»er>ple,  all  toldj  in  the  United 
States,  who  spi^ak  <mly  in  foreign  tongues.  Keverthelos&,  the 
hin|?nage  of  this  country  is  in<lisputjibly  English. 

'J'he  text  and  burden  of  Mr,  Ilabey^js  paper  are  that  "  nieasurei 
♦  ►f  lengtli  are  irrevocably  tied  tr>  the  past/"  Ko  one  will  tlispnte 
a  rcMsonahtc  intcrjiretatifin  of  this  bewitching  proposition.  Pos- 
Bibly  there  are  a  few  ]>eople  in  the  world  who  still  use  the  aacpod 
cubit  of  the  Egyptians.  To  the  past  are  irrevo(*aljly  tied  cruelty, 
supiMvstition,  trial  by  torlure,  ami  many  social  defects  that  the 
present  has  outgrown.  It  h  no  shame  to  the  English -speaking  race 
of  to*day  that  it  has  itdierited  an  incongruous  accrx^tion  of  weights 
and  measures  that  an  orderly  inirnled  person  cannot  defend,  But 
gurelj  it  is  a  shame  and  *lisgrace  to  tlie  race  if,  seeing  a  better 
s^^tem  nsed  by  its  neighbors,  it  makea  no  effort  to  change  the 
medley  for  that  better  system  on  belialf  of  this  and  future  genera- 
tions*    The  very  best  system  h  only  just  good  euougli  for  the 
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United  States.  The  bother  of  the  change  is  no  worthy  argument 
for  a  progressive  man.  The  change  from  the  cumbersome  pound- 
shilling-pence  system  of  currency  to  our  present  decimal  currency 
involved  much  trouble.  It  was  vehemently  opposed  by  many  who 
clung  to  the  existing  order  of  things,  for  just  the  same  reasons  as 
those  here  discussed.  Was  the  effort  expended  in  changing  not 
a  good  investment  for  the  nation  ?  It  is  a  bother  to  throw  away 
machinery  in  a  factory  because  a  new  mechanical  plant  is  superior. 
Yet  progressive  men  do  not  hesitate  to  destroy  old  machinery  when 
there  is  a  clear  advantage  in  supplanting  it. 

The  real  question  is  not  whether  a  small  useful  minority  of  the 
peo})le  in  the  country,  known  as  engineers  of  all  classes,  would 
be  benefited  by  having  their  computations  simplified  through  a 
change  to  the  metric  system ;  nor  whether  our  same  small  minority 
would  be  bothered  by  workshop  troubles  during  the  transition;  but 
whether  the  cost  and  trouble  to  the  whole  people,  including  engi- 
neers, is  going  to  outweigh  the  positive  advantages  that  experience 
on  a  large  scale  has  shown  to  result  from  a  national  change  to  the 
metric  system. 

It  is  in  evidence  before  the  Committee  on  Coinage,  Weights  and 
Measures  that  the  change  to  the  metric  system  would  save  two- 
thirds  of  a  year  in  the  public-school  life  of  each  child  in  this  coun- 
try. This  statement  has  not  been  challenged  as  yet.  It  means  an 
enormous  saving  of  labor  to  the  community  in  the  aggregate,  dis- 
regarding entirely  the  additional  saving  of  effort  and  tinie  effected 
during  adult  life.  This  saving  would  pay  for  a  very  large  amount 
of  national  bother  in  changing  weiglits  and  measures.  I  believe 
tliat  those  who  have  visited  metric-system-using  countries,  and 
have  learned  life  in  them,  will  admit  that  a  reasonably  conducted 
change  to  the  metric  system,  led  by  the  Government  Departments, 
would  lead  to  the  ultimate  full  adoption  of  that  system  through- 
out the  country,  without  entailing  undue  hardship  to  any  citizens 
during  the  transition  period. 

Mr,  F.  A .  Ilalsey. — In  answer  to  Dr.  Kennelly,  I  would  like  to 
ask  why  the  metric  advocates  will  never  learn  that  the  fitness  of 
a  decimal  basis  for  a  system  of  currency  lies  in  the  immense 
amount  of  adding  to  be  done,  to  which  there  is  no  comparison  in 
connection  with  weights  and  measures  'i  One  bookkeeper  in  a  good- 
sized  factory  office  will  do  more  adding  than  the  whole  shop  and 
drawing-office  force  combined. 

Begging  Dr.  Kennelly's  pardon,  the  claim  that  the  adoption  of 


THE  METRIC   SYSTEM. 


495 


tlie  nietrie  svstoni  will  i?ave  two-thirds  of  a  year  in  the  piiblic- 
gchool  life  of  children  has  boon  challenged,  atid  the  pcmistcncc  of 
old  units  ill  metric  coiuitries  j^iiiiplj  makes  this  claim  ridit-ulons. 

To  the  next  to  the  la?it  para^n-aph  of  Dr,  Keiinelly*g  coiitrilni- 
tion,  I  cordially  suljscrihc;  hut  why  does  h€  not  7imne  those  ^^ podiive 
adviintagefi  f  ■' 

Mr.  Sam  lid  W('hhfr\ — T  have  read  Mr.  llalsey's  paper  with  great 
interest,  and  fidlj  endorse  it  in  all  jxan^  esKpeeially  in  relation  to 
the  i»ersistence  of  old  cnfltoma  in  weight^s  and  nieabiire!!^  in  coun- 
tries where  the  metric  sjstem  has  been  nominally  adopted,  but  I 
do  not  think  that  in  the  various  arguments  brought  forward 
agaiu!*t  any  eluuige  frimi  our  present  systenij  which  we  may  call 
the  **  English  "  one,  to  the  '*  French  "  or  metric  one,  sufficient 
stress  has  hinm  hi  id  nn  what  we  may  call  the  historieul  or  inter- 
national [lortidon  of  the  question. 

Tilt*  ni(*tric  system  was  one  of  the  results  of  the  great  upheaval 
in  France,  at  tln>  close  of  the  ei*^liteenfh  et*ntury,  %vhich  not  only 
prtKhiced  the  French  Kevohition,  Imt  altered,  or  atteujpted  to  alt.er^ 
about  ever^'  lanilmiirk  in  reach  of  the  revolutionary  spirit*  Tho 
Frcntdi  n*fonners  not  *ioly  changed  the  .sViistems  of  weig^htj?  and 
measures,  but  altered  t!ie  names  of  the  montliB,  and  attempted 
to  aWili^h  the  Chrii^tian  Era,  redating  the  worhl  from  tlie  first 
year  of  the  French  lEcpnblic. 

France. was  for  a  time  tbe  dominant  jxiwer  in  Europe^  and^ 
uudtT  the  overpowering  «way  of  Napolean,  the  metric  syatcni^  was 
fnrciul  nn  the  otlier  countries  of  (Continental  Europe,  how  in- 
etfeetnally,  Mr.  Ilakey  plainly  shows. 

Times  have  changed  in  one  hundred  years,  and  history  haa 
turned  over  a  new^  P*ig*^'>  a^id  it  is  now  the  Englij^h  race  which  is 
the  dominant  power  in  the  world,  if  not,  on  the  Continent  of 
Europe,  Tho  English  systems  of  weights  and  measnres  are  spread- 
ing much  more  rapidly  than  the  French  ones,  not  only  in  her  vast 
eidonics,  but  through  the  great  exUuisions  of  the  power  of  the 
United  States,  and  it  sct*ms  a  perfect  piece  of  folly  to  attempt  to 
turn  back  the  march  of  progress,  by  adopting  an  inconvenient^ 
anil  incorrect  stand ard,  which  the  French  scientiBt^s  '^evolved  from 
thi'ir  own  consciousness  "  a  century  ago! 

So  far  m  the  decimal  system  goes,  it  is  as  mneh  a  "  rule  of 
thumb  "  a«  any  other  one,  antl  was  derived  from  counting  the 
ditfiia  on  the  handsj  and  while  very  convenient  for  mere  arith- 
metical  calculation^  is  very  inconvenient  for  all  mechanical  and 
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eonstnictiTe  purposes.  A  eorpi'ntori  with  a  piece  of  stringi  wliieli 
lie  can  double^  can  ciit  any  board,  into  halves,  quarters  or  i^ix- 
teenths,  but  i^^lien  he  has  once  got  it  into  halves^  it  rcMjuires  an 
elaborate  spacing  out  with  a  pair  of  dividers,  to  get  the  pieces 
into  Jive  jiartB,  and  the  diviE^ion  it*  not  a  natural  one. 

The  **  fm^t-pound  "  of  James  Watt  is  the  estahlisslied  dynamic 
unit,  and  it  seeins  folly  to  transmogrify  it  into  sueli  a  jawbreaker 
as  a  kilogranimetre !  The  larger  part  of  the  steani-enginea  of  the 
world  are  biuH.  on  dimension.^  expres^sed  in  English  inches,  why 
iijiset  all  futtire  eonstrnetions,  by  changing  the  ineaanres  to  milli- 
metres? The  recor<b  of  ttie  geographical  surveys  of  the  United 
States  are  written  in  miles  and  feet.  Why  uj^set  them  all,  by 
changing  the  standard  measures  to  metres  and  kilometres? 

All  hydraulic  ealenlations  are  exprci^sed  in  feet  and  hundredths 
now,  and  we  have  all  rbe  advantages  of  a  decimal  system  tliero  fur 
purposes  of  cakidations.  AVhy  change  it  ?  Finally,  the  most  valu- 
able meehanieiit  literature  in  the  world  is  written  in  the  Englisli 
language  and  by  English  measure.  Wby  destroy  this  or  render 
it  useless  to  future  generations,  except  by  translation  and  recalcn- 
lation. 

Mr.  Fred.  IL  Colrin, — With  the  view  of  discovering  whether 
the  metric  system  had  entirely  replaced  the  native  units  of  meas- 
nrenientSj  I  recently  spent  a  few  hours  in  examining  the  govern- 
ment publication  of  Consular  reports  relating  to  commercial  re* 
latious.  The  Iflte&t  obtainable  in  bound  volunies  was  for  the 
years  1000  and  1901,  and  some  of  the  discoveries  are  rather 
interesting  as  proving  to  the  contrary. 

Among  the  South  Amerieaii  countries,  which  are  held  up  as 
shining  examjdes  of  knowing  a  good  thing  in  tlie  way  of  scientific 
measurements  when  they  see  it,  I  first  found  a  rejwrt  from  the 
statistical  office  of  Bolivia,  The  compiler  had  evidently  over- 
looked the  fact  that  this  was  a  luetrie  country,  for  railroad  ex- 
tensions were  given  in  miles,  mine  produets  in  jwnnds  and  tons, 
and  the  height  of  mountainous  mines  in  feet. 

Reports  from  Peru  give  lumber  in  feet,  mine  produets  in  tons, 
while  the  detailed  re]wrt  of  the  superintendent  of  the  Central 
Eaihvayj  concerning  his  road,  gives  everything  in  English 
measures, 

OfliHal  reports  from  Uruguay  are  metric,  but  judging  from 
the  Consular  reports,  the  native  units  are  used  in  every*day  life. 
There  is  also  an  exhaustive  statement  by  the  large  house  of  Iluf- 
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nagel,  Plattior  &  Co,j  in  Pajsandiij  Uruguay,  as  to  the  imports 
exjKjrtSj  in  which  foet,  kilo^  and  jjoimdi^  ure  hopeless^ly  mixed* 

'IVoui  \^t?neHiio]a  there  are  rejiorts  from  Miiraciubo  und  Pu^^rto 
Cahello,  and  not  a  mcmtion  erf  metric  measure  in  the  lot 

Consular  refKirts  from  Mexico  fail  to  nieutioii  metric  measures 
in  a  single  instance  except  when  quoting  government  report-Sj  in- 
dicating that  its  use  is  entirely  uflScial  instead  of  popular.  Rail- 
road extensions  and  similar  measurements  are  always  given  in  feet, 

(jroiug  to  Spaniish  reports  we  lind  a  quotatio]i  from  a  Valencia 
paiier  pointing  out  the  increased  competition  of  American  fruit 
in  their  home  market,  and  in  France  as  follows ;  **  Their  oranges, 
apples,  peaehcsj  etc.,  reach  Paris  after  truvcmng  6,000  m'deSj 
in  a  more  attractive  condition  than  ours  after  a  journey  of  only 
4 i> 0  m lies, '*    I^ot  kilo niet r e s  but  m ihs, 

Coniiul-Gencral  Hay  from  Barcelona  says,  *^  that  to  gain  this 
trade  we  must  print  catalogues  in  Spanish,  as  the  Germans  and 
Knglish  do  "^ — hut  ho  entirely  neglects  to  mention  the  necese^ity 
or  advantage  of  having  metric  measures.  Kaisins  are  quoted  in 
"  arrobas  "  of  25  pounds  each* 

A  report  of  navigation  from  Trieste,  Austria,  is  in  tons,  rates 
in  shillingB  per  ton,  hattle-ships  in  tons  displacements.  Now  these 
may  be  metric  tons,  and  as  the  harbor  iuqirovements  are  given 
partly  in  feet  and  partly  in  metres,  you  can  decide  either  way  you 
like.  T--*mgth  of  railways  is  given  in  miles,  wdiile  the  rates  are  in 
ldh>grammes.  The  imports  are  in  quintals^  pounds  and  ttma — 
makefl  a  acientific  system, 

Belgium  makes  a  liad  showing  for  those  advocates  who  think  it 
can  Ix^  assimilati'd  in  two  or  three  veal's.  Government  repurt^  are 
metric  as  a  matter  of  course,  but  commercial  houses  give  importu 
in  pounds,  cords  and  gallons*  Prop  reports  in  the  Antw^erp  district 
are  given  in  bushels  and  t<ms  of  3,240  pounds.  Lumber,  however, 
is  given  in  metres^  while  imports  of  cereals  are  in  bushels.  An- 
other table  giving  the  crops  per  hectare  (2,471  acres),  as  follow^s : 

Wht^at  Cm  bushi'Is) : :    56.21 

PoUit<M*a  (in  kilogrammos). , 38,911 


(Kote  the  inconveniently  large  figures  owing  to  the  unit  being  so 
small.) 

Beet  root*^  and  tobacco  are  also  honored  with  the  scientific 
system,  while  all  the  rest  must  be  content  with  the  old  unita* 

Imports  of  wood^  botli  from  America  and  other  countries  are 
as 
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given  in  cubic  metres,  ^^liile  iiu ports  of  mblior  are  in  pounds.  Both 
systems  are  uslhI  all  tUroughj  kiuiber  beiug  given  in  cubic  yards 
in  one  place, 

Swedish  reporU  give  tables  with  pjunds^  metric  tA:ins^  biBhela, 
long  tons  J  gallons,  pounds  and  liunJredvYoight.  Other  reports  use 
kilos  and  poimds, 

Germany, — In  mentioning  Agrarian  legijslation, bushels  and  hec- 
tolitreSj  English  tons  and  nietrie  tons  all  seem  to  have  eipial  eliaoea. 
Structural  iron  and  steel  are  quoted  in  sixteenths  and  tnghtlis  of  au 
inch.    Textiles  are  quoted  in  hundredweights* 

Italy,— Tm ports  at  Legliorn  are  given  in  hxindredwelglita  and 
tons^  in  other  places  in  kilos.  ExjKirts  are  largely  in  pounds.  Wine 
is  quoted  at  so  many  **  lire  "  per  cask  of  100  quarts. 

In  r< sports  from  Chile,  Valparaiso,  do  not  mention  metric,  but 
figures  are  given  in  poundsj  tone  and  tjuarts.  In  Iquiipie  prices 
are  given  in  shillings  |Ter  hundredweight^  and  Spanish  quintals  are 
also  mentioned. 

In  the  report  from  Bogota*  United  States  of  Colombia,  yards  and 
pounds  are  used,  and  there  is  also  a  qu* station  from  a  French  paper 
regarding  the  mines  of  Jluzo  and  Coseoneg,  in  ivhicli  the  distances 
are  given  in  yards  and  miles.  Still  another  report  uses  metric  and 
English  uieasurcs  indiscriminately. 

From  Uolland  is  the  annual  eircular  of  the  Hide^  Skin  and 
Leather  Co.,  gives  imports  of  hides  in  "  piculs/'  and  translates  it 
into  pounds^ although  official  reports  use  kilogrammes.  Harbor  im- 
provements are  given  in  metres  in  some  placeSj  and  feet  in  others. 

But  Jajian  leads  them  all  in  mixing  up  custom  and  science^  the 
past  and  the  future  (|jerliaps)»  The  offieial  table  of  imports  into 
Yokohama  give  a  choice  collection  of  picnls^  kin,  niilles,  tons, 
square  yards,  gallons,  litres^  square  feet,  gross,  sho^  etc.,  with 
pieuls  and  kins  ia  the  leadj  and  litres  notable  by  their  scarcity. 

Building  sites  are  also  mentioned  as  being  rented  for  from 
5  to  8  cents  per  "*'  tsuho,^'  which  equals  36  square  feet.  No 
"  centiare  •*  about  this. 

The  consul  also  says:  "  The  Japanese  have  not  abandoned  their 
old  weights  and  measures  in  favor  of  the  inetric  system  but  have 
legalized  the  employment  of  the  two  side  by  side  with  the  proviso 
that  the  Japanese  weights  shall  be  taken  as  the  standard*  The 
metric  systt^m  has  not  <'ome  into  general  use.  The  engineers, 
mechanics  and  artisans  of  all  kinds  use  the  native  measurements 
in  preference." 
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These  examples  can  bo  iiiiiltiplied  many  times  liy  those  who 
have  the  time  to  examine  the  reeonls.  It  shoulii  also  bo  iiotod  that 
these  are  not  old  reports  but  the  latest  obtainable*  1  maj  also 
add  that  no  eases  liave  been  mentioned  where  there  was  any  ehanee 
of  confusing  the  English  and  metric  ton,  or  other  meaf^nrements 
as  in  tr»nnago  of  sbipping  in  ports  of  metric  countries.  Theat*  have 
been  assiimed  as  all  metric^  althougli  I  have  good  reason  to  believe 
some  of  them  are  not 

Tlie  case  is  strong  enough  when  we  give  facts  tlmt  cannot  be 
< lisp  11  ted  and  leave  the  douhtful  ones  all  to  the  other  m\e. 

It  has  been  assumed  that  consuls  give  the  units  in  use  in  the 
country  as  there  is  nothing  to  indicate  any  translations,  and  consuls, 
as  a  rule,  are  not  given  to  translating  page  after  page  of  dry 
statistics.  In  the  cases  where  native  units  are  given,  this  is  ample 
prorif  that  there  was  no  consular  interference,  for  if  translating  It 
would  be  into  English  and  not  into  native  units. 

These  merely  bear  out  the  able  presentation  of  the  faets  given 
by  Mr,  TIalsey,  and  lielp  to  prove  that  the  metric  system  is  not 
practical  enough  to  warrant  the  rec<inimeo<lation  of  this  SiK'iety* 

Mr,  Jrnms  Christie, — We  must  always  expect  a  w^ide  diver- 
gence  of  views  on  any  subject  not  capable  of  exact  or  mathematical 
demonstration.  The  historical  arena  of  polemics  has  been  occu- 
pied by  fierce  and  fiery  disputes,  too  often  on  trivial  subjects,  much 
of  which  now  seems  amusing.  On  such  matters  as  religion^  politics, 
eta^  we  cannot  expect,  nor  would  it  be  desirable,  to  have  a  pre- 
vailing uniformity  of  sentiment,  but  in  aU  affairs  pertaining  to 
national  and  industrial  economics  we  should  en<leavor  to  obtain 
precision  and  uniformity  of  thought  and  action.  Moreover,  a 
prudent  conservatism  is  always  advisable,  and  better  to  bear  the 
ills  we  have  than  rashly  fly  to  others  we  know  not  of,  Carlyle 
iiaB  said: 

All  great  ppopU»s are  conservative,  slow  (o  belli* vi*  in  novelties,  patitmt  of  mueh 
error  in  iictua!ilie&»  de*^p!y  and  forever  certain  of  tli€  greatness  that  is  in  law^  in 
custom^  once  BoJenmly  eBtablbhed* 


Mr,  Halsey^s  interesting  pajier  imparts  fi'esh  interest  to  a  sub- 
jeet  that  lias  been  worn  so  threadbare  in  the  past  tluit  it  seems 
alniost  snpertluous  to  revive  the  stale  arguments  that  have  been 
re|>eatedly  advanced.  The  discussion  might  be  consideral  closed, 
tho  question  calletl  for  the  ayes  and  nays  to  tlecide,  to  be  or  not  to 
be,  as  the  popular  voice  will  deterrainG.     An  excuse  for  the  re- 
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newal  of  the  argument,  however,  will  he  found  in  Mr.  Halsey's 
paper,  wliich  attacks  the  subject  from  the  standpoint  of  a  quarter 
of  a  century  suljsetiuent  to  the  legal  and  corapulsory  introtluctiun 
of  the  metric  system  in  tlie  Gennan  empire,  Mr.  Tlalsey  claims 
that  there  still  lingers  in  ceT*tain  of  the  arts  remnants  of  the 
ancient  systems  that  were  ftjrmerly  in  vogue. 

Thirty  years  ago,  daring  one  of  the  |>ericKlic  revivals  of  the 
subject  of  the  metric  system,  this  being  the  earliest  date  that 
the  writer  of  this  discussion  lias  any  personal  knowledge  of,  it 
will  be  I'emernbored  that  exactly  similar  arguments  were  applie4l 
rt^garding  the  popular  customs  in  Francej  urging  that  although 
the  metric  system  had  been  enforced  almost  at  the  point  of  the 
l)ayouet,  yet  they  had  not  been  able  to  eradicate  the  old  eonllict- 
ing  and  cumbersome  s^'stems  from  France,  more  especially  in 
the  agricnltural  dii^tricta,  where  the  wholesome  bucolic  atmos* 
phere  tended  to  preserve  those  primitive  habits  of  society  whicli 
are  believed  by  some  to  be  remnants  of  that  Edenic  condition 
when  mankind  was  in  its  pristine  purity- 
Tain  attemjjts  are  frecfuently  made  to  enforce  upon  a  crude 
society  civilized  methoils  for  which  they  are  not  yet  fitted.  The 
enthusiastic  promoter  of  civilization  is  apt  to  overlook  this  clifli- 
cnltyj  an  illustration  of  which  is  offered  in  the  well-known  story 
of  the  tropical  planter,  who,  weary  of  seeing  the  negro  laborers 
in  the  fiekl  bearing  their  cane  burdens  on  their  heads,  endeav- 
ored to  lighten  their  task  hy  tiiefiulistitution  of  a  convenient  wheel- 
barrow, the  final  result  being  that  Ins  slaves  insisted  upon  carry- 
ing the  wheel  l>arrow  with  its  bunlen  on  their  heads  rather  than 
alter  their  haidts  and  wheel  the  vehicle  on  the  ground. 

Notwithstanding  the  arguments  so  freipieutly  urgeil  that  our 
existing  methods  of  weights  and  measures  are  a  natural  survival 
of  what  has  been  f<jund  fittest^  we  can  point  to  numerous  illus- 
trations for  which  there  can  be  offered  no  well  fuundetl  reason, 
exce])t  that  we  have  inheritcid  them  as  a  legacy  fiH>m  the  past, 
and  it  is  too  inueh  troid>lo  to  make  a  change. 

What  good  reason  can  he  offered  for  the  continuance  of  the 
hundredweights  and  quarters  interposed  between  jKiniuls  and 
tons  still  in  common  use  in  Great  Britain  although  almost  en- 
tirely obsolete  here  ?  The  expressions  are  cumbrou;*  and  laliori- 
ous  to  write  and  rejul  or  to  multiply,  and  with  our  American 
tendency  to  take  short  cuts  we  wisely  allow  them  to  fall  into 
disuse.     What  convinciBg  argument  can  be  offcRMl  for  the  con- 
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timianoe  of  the  ton  of  2,240  pounds?  Inconvenient  and  useless 
from  every  point  of  view  !  The  net  or  short  ton^  as  we  call  it, 
of  2,000  i>ounds,  is  in  common  use  with  us  both  in  our  customs 
and  our  literature,  and  would  have  long  since  displacetl  its  pre- 
decessor if  the  former  bad  siinj>ly  been  made  iIle?gaL  The  ten- 
flency  t4>  chanj^e  imd  simplify  these  mattei*s  is  euntinnally 
observed.  We  find  it  a  growing  custom  to  ojuit  the  use  of  the 
ton  entirely.  It  is  a  common  and  arrowing  pra^ctice  to  refer  to 
large  quantities  even  in  many  millions  of  [KDunds.  When  we 
ask,  why  burden  yourself  with  bo  many  figui^es  i  the  reply  is  the 
uncertainty  of  what  the  ton  means.  If  the  ton  was  2»000  pounds 
we  would  gladly  use  it,  l>ut  the  ton  of  2,240  pounds  involves 
nioni  hilior  and  more  uneert^iinty  in  the  knowle^lge  of  the  result 
than  stating  the  terms  in  pound  quantities. 

It  has  l>ecn  said  that,  ''whatever  is,  is  best*"  This  may  be  par- 
tially true  in  a  broad  and  general  sense,  but  it  has  no  permanent 
or  universal  application,  and  the  fallacy  of  the  assertion  is  con- 
stantly being  ex[)osed.  It  rarely  happens  that  any  one  system  or 
metbtHl  has  all  the  iulvanUigeson  its  side*  In  fact*  we  freijuently 
discern  in  methods  that  have  passed  into  obli\"ioii  some  most 
excellent  featiireSj  but  in  comparing  systems  it  is  desirable  to 
make  an  algebraic  sum  of  the  virtues  and  defec^ts  ami  retain  the 
one  that  ha^  the  ]>reponderance  of  redeeming  featui*es.  In  de- 
ciding on  tlie  merits  or  demerits  of  anv"  system  of  weights  and 
measures  w'e  must  consider  the  lieneOts  and  tbe  losses  to  be 
derive<I  by  every  element  of  the  community,  and  base  our  deci- 
sion on  whatever  seems  to  yield  the  greatest  good  to  the  greatest 
number. 

It  will  be  observetl  that  the  examples  ottered  by  Mr.  Ilalsey 
are  chietly  ilrawn  from  the  textile  arts.  In  this  manufacturing 
industry  inherited  terms  probably  enter  more  largely  than  in 
any  other  into  the  vernacular  of  the  humblest  mass  of  the  people. 

As  man's  most  impcmtive  need,  next  to  food,  is  clothing,  the 
textile  arts,  next  to  agriculture,  Ijear  the  most  intimate  relation 
to  tbe  masses  of  mankind.  With  these  masses  customs  and  tra- 
ditions linger  longer  and  are  more  difficult  to  eriulicate  than 
with  ibe  nutYr  bigbly  organized  conditions  of  society.  Tbe  his- 
tory of  Englisb  legislation  relating  to  metrology  for  many  een* 
turiOH  imiicates  that  measures  relating  to  cloth  and  fabrics  have 
always  held  a  j»rominent  place*      Tlie  history  of  our  American 

jiglatiou  on  the  currency  is  another  illustration  to  the  |K>int, 
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Imme*liately  after  the  ailoption  of  the  Federal  Constitution, 
Gouvernc^iir  Morris  and  Thomas  Jefferson  begun  tlie  agitation 
for  the  adoption  of  a  national  currency,  Tlie  neiHl  of  some  co- 
herent national  system  was  yery  prassing,  considering  the  heter- 
ogeneous character  of  the  monetary  units  jvi'e vailing  at  the  tiiiie, 
which  were  a  jumble  of  English,  Fi^euch  and  Spanigh  coins, 
each  with  their  own  name  and  measure  of  value.  Morris  and 
Jeflferson  were  both  of  one  mind  that  the  currency  should  be  of 
a  decimal  character.  They  only  differed  in  the  details  of  the 
application-  The  arguments  presented  by  these  eminent  men  for 
the  decimal  system  in<licated  that  they  fully  realized  its  simplicity 
of  compreliension  and  enumeration*  The  arguments  against  the 
decimal  system  were  quite  similar  to  those  advanced  by  the  met- 
ric opponents  of  to-diiy-  I  think  this  generation  is  all  of  one 
mind  J  that  there  was  no  mistake  made  in  adopting  our  decimal 
system  of  monetary  units.  It  was  reatlily  adopted j  and  receive*! 
the  approval  of  the  inteHigeuce  of  the  country;  yet^  notwith- 
standing this,  it  is  well  known  that  over  half  a  century  and  the 
old  generation  had  passed  away  before  the  ancient  terms  fell 
entirely  into  disuse.  Even  the  names  clung  when  they  hatl  no 
significance  except  as  a  name,  as  illustrated  by  the  long  survival 
and  various  applications  of  the  term  '*  shilling,'*  Yet  in  Amer- 
ica a  higher  order  of  intelligence  did  and  does  prevail  among  the 
masses  of  the  peo]>le  than  in  continental  Europe,  We  have  no 
proletariat  in  the  same  sense  as  exists  in  Central  Euro]>e.  The 
mass  of  the  people  more  reatlily  receive  innovations  and  adopt 
improvements  than  ts  the  cusU:*m  with  the  older  nations.  There- 
fore, we  coidil  well  undei'staud  why  ancient  terms  and  systems 
would  cling  raoi'e  tenaciously  with  them  than  with  us. 

The  retention  of  ancient  terms  or  phrases  in  exceptional  quar- 
ters bears  little  significance  to  this  subjectj  from  the  point  of 
view  under  discussion*  On  t!m  other  hand^  we  have  the  most 
convincing  evidence  that  the  metric  system  is  now  exclusively 
establislietl  in  literature,  in  science,  and  engineering,  and  in  the 
mechanic  arts  of  France  and  Germany.  We  frequently  find 
British  units  paralleling  the  metric  in  German  and  Eelgian  trade 
catalogues  and  tables.  This  is  necessitated  by  the  constant  inter- 
national exchanges,  and  is  regretted  by  the  manufacturersj  who 
complain  of  the  cumbrous  conversion  involvetl  with  tlie  British 
units,  as  compared  to  the  simple  notation  of  the  metric  system. 
An  eminent  German  engineer  and  metallurgist  remarked  to  the 
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writer  a  few  years  ago:  ^^To  us  the  advantages  of  the  metric 
system  appear  so  natural  and  self-evident,  that  the  arguments 
offered  by  its  opponents  in  Britain  and  A\meriea  seem  hidicrouB; 
ami  our  only  wonder  is  that  so  practical  a  people  as  tlie  Amer- 
icans hesitate  so  long  to  participate  in  its  advantages*" 

An  American  friend,  recently  returned  from  a  tour  of  towns 
and  vilkuges  in  Germany,  conOrms  the  assertion  that  its  adoption 
is  now  well  established  in  the  habits  of  the  communities.  Ancient 
terms  sometimes  remain,  but  they  are  found  to  apply  to  metric 
units,  just  as  the  old  names  for  coins  long  survived  with  us.  In 
the  northern  seaports  the  pound  for  weight  is  sometimes  heard, 
but  it  is  found  that  half  a  kilo  is  what  is  meant. 

A  singular  feature  of  the  case  is  that  while  the  innovation  is 
most  urgently  resisted  here,  among  tho  mechanical  trades,  yet 
these  stx*ni  to  have  been  among  the  first  to  adopt  the  metric 
systeuA  in  Germany,  or  at  least  in  the  southern  states  of  the  em- 
pire. This  is  sufficiently  attested  by  numbers  of  German  me- 
chanics, who,  leaving  l}efore  the  PVanco-Prussian  War  of  1870, 
and  l>efore  tlie  system  was  matle  universally  obligatory,  assert 
that  metric  measures  only  were  in  use  in  the  shops  they  left  in 
southern  Germany. 

A  distinguistiing  feature  of  the  present  time  is  a  tendency  to 
udnpt  quick  uretli(Mls  and  take  short  cuts  to  accomplish  a  desired 
result,  JJusiuess  letters  are  short  and  terse.  The  shortest  words 
are  pri*fi*tnN*d  thai  will  express  the  int-ended  ideas.  The  gnidual 
extension  ut  phonetic  spelling  is  removing  unnecessary  letters 
from  words*  The  ponderous  ])hrnses  and  sentences  of  our  ances- 
tors are  d ii^ap]  Hearing  from  our  literature.  We  want  tlie  bestj 
the  most  elMcient  tools,  ami  expend  much  thought  on  redudng 
the  manual  movements  of  those  who  handle  thetn.  We  waste 
little  sentiment  in  preserving  obsolete  and  inefficient  tools,  but 
consign  them  to  the  sera):^  heixp  ^vith  as  little  reluctance  as  we 
send  worn  out  garments  to  the  rag  man.  Oar  systems  of 
weightEs  and  measures  form  the  most  important  instruments  at 
our  Cfjmmanfl  in  making  just  and  accurate  exchanges,  Tliey 
shouhl  1)0  tlic  LK\st  to  be  obtained,  and  if  found  wanting  they 
should  with  due  care  and  caution  be  improved  to  conform  to  the 
neetls  of  modern  society.  It  is  very  true  that  it  is  a  serious  mat- 
ter to  alter  existing  standards,  and  the  subject  sljould  not  be 
entered  ajwn  lightly^  but  only  after  prolonged  and  careful  study. 
It  is  doul>ttess  quite  feasible  to  make  desirable  changes  in  our 
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present  systems  relating  to  mass  and  volume,  witlioiit  at  all 
affectiiig  tlio  elementary  principles  on  which  they  are  founclecL 
Inconvenient  nnits  of  measurement  could  be  abandoned  and  more 
oonvenieut  multiples  might  be  fidoptetL  but  oar  Kational  Con- 
gresSj  to  whom  the  stubject  is  confided  by  the  constitution,  have 
always  refrained  from  any  action,  because  it  was  continually  felt 
that  the  time  for  a  mdical  change  was  not  far  distant,  and  until 
tljis  positive  ste]>  was  taken  it  was  not  worth  while  to  make  any 
clianges  of  present  conditions.  Reflect  for  a  moment  on  what  a 
convenient  and  useful  method  we  possess  in  our  Arabic  system 
of  numerals.  How  clear,  concise,  and  expressive  it  is  as  com- 
pared to  til 6  Roman  system,  or  any  other  ancient  system  it  dis- 
placiHl,  Each  figure,  reiuiing  froui  right  to  left,  expressing  a 
decimal  advance;  units,  tens,  hundredsj  thousands,  etc,  AVith- 
out  this  instrument  our  arithmetic  and  technical  education  and 
literature  would  be  almost  iinjiossible.  It  is  difficult  for  us  to 
understand  now  that  it  took  raany«centuries  to  graft  this  into 
onr  Cliristian  civilisation.  Only  after  the  art  of  printing  was 
established^  and  its  adoption  became  imperative,  was  the  Arabic 
system  comjiletely  adopted  in  Euro]>e.  The  metric  system  is  es- 
sentially an  extension  of  the  principles  of  tlie  Arabic  numerals 
from  quantities  in  general  to  cjuantities  in  detail,  to  weights  and 
measures.  It  is  therefoi^  essentiully  a  decimal  system  so  long 
as  we  have  a  decimal  notation.  If  this  should  ever  be  changetl 
s^j  that  either  eight  or  twelve  became  the  radix  of  our  notation, 
then  the  metric  system  takes  an  octonal  or  duodenal  form,  with 
its  fundamental  features  unclianged. 

The  question  of  onr  adopting  metric  measui^s  as  an  interna- 
tional system  has  received  such  abundant  expression  during  the 
last  Iialf  century  that  we  are  now  in  a  ixjsition  to  know  approx- 
imately the  views  that  pi^evail  in  the  different  elements  of  society. 
Ajnoug  scientific  men,  meaning  those  who  study  or  teach,  but 
not  directly  connected  with  the  industrial  arts,  the  sentiment  is 
almost  a  unit  in  favt*r  of  the  system.  This  is  amjily  exemjdified 
by  tlie  actitjns  of  our  scientific  associations  anil  the  expressions  of 
tlieir  leading  members. 

Among  civil  engineers  it  seems  probable  that  a  majority  favor 
the  system.  In  the  class  of  mechanics  and  mechanical  engineers 
it  is  prebable  that  thi*  majority  would  ilecide  adversely  at  the 
present  time,  and  not  many  years  ago  the  writer  of  this  discus^ 
siou  would  have  felt  he  was  tainted  with  a  mild  form  of  heresy 
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if  ha  had  ventured  to  advocate  ^tlie  doctrine  among  his  profes- 
sional  brethren.  We  do  not  want  to  be  in  tho  ranks  of  a  hope- 
less minority,  and  the  knowledge  of  the  existence  of  a  gootUy 
company  among  our  mechanical  brethreUj  and  the  gradual  but 
constant  increase  in  the  numbers,  serves  to  stimulate  those  who 
might  otherwise  be  faint  hearted  on  tlie  subject*  A  confession 
of  faith,  with  some  reasons  thei'efor  on  the  jmrt  of  the  writer, 
might  be  offered  in  extenuation* 

Some  score  of  years  ago,  undertaJting  some  lik'rary  work, 
which  invoh'ed  the  pi'epai'ation  of  a  large  number  of  tables,  the 
calculations  for  these  involved  compounding  the  elements  of 
dimensions  and  mas25  and  occasionally  of  time.  The  arithmetical 
work  involved  ivas  found  to  lie  much  more  laliorious  than 
was  at  first  anticipated;  but  notwithstanding  all  the  short  cuts 
that  offer  themselves  no\\^  to  the  ready  reckonerj  the  work  was 
found  tedious  and  laliorious,  and  only  by  the  assistance  of  quick 
and  skilful  com pu lei's  could  the  work  l)e  prosecuted  with  i^ason- 
able  dispatch.  Previous  to  this  time  I  had  not  looked  with  any 
great  degree  of  favor  upon  the  metric  or  any  other  decimal  sj'stonh 
The  Greek  and  Latin  prefixes,  the  foreign  sounding  nomencla- 
ture, and  the  unvarying  decimal  niultiples,  made  no  ap[>eal  except 
as  interesting  frf>m  an  acatleniic  point  of  view.  Tho  conviction, 
however,  gradually  gained,  and  it  was  readily  proved  by  ex- 
anipiCj  that  if  we  had  the  metric  system  of  weights  and  measures 
to  deal  with  instead  of  our  own,  that  the  labor  would  have  been 
vastly  ixHlueed-  The  fi^uent  conversion  of  vulgar  fractions  to 
decimals^  to  facilitate  computation,  the  constant  reference  to 
conversion  tables  for  weights  and  the  ponderous  multiplication 
or  division  involvml  in  interchanging  units  of  nic-asure,  wei*o  so 
burdensome  that  a  feeling  of  envy  grew  for  those  who  possessml 
the  decimal  system  in  its  entiretVj  when  these  laliors  largely  dis- 
ap|Hjared, 

The  metric  system  might  bo  classed  as  being  orderly,  rational, 
and  systematic^  but  the  writer  cannot  eudm^^  the  sentimentul 
nonsenso  about  its  **  beauties,"  etc,  sometimes  expi-essed. 

Facility  of  enumeration  and  computation  is  not  absolutely 
inhei'ent  in  the  system.  'WTaen  arithmetical  oi^erations  nrc  to  l>e 
]Rirforme«l  on  quantities  devoid  of  fractions  or  ijualifynig  terms, 
of  *3oui^e  the  arithmetical  ojieration  is  the  sanm  under  all  circum- 
stances, and  cannot  be  altered.  But  when  expressions  involve 
various  fractional  divisions,  or  carry  several  quantities  bearing 
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non-deciraal  relations  to  each  other,  as  is  usual  with  weights  and 
measureB  in  our  system,  we  frequently  have  to  retluce  the  frac- 
tions to  a  decimal  expression  or  convert  them  to  fractional  foruis 
bearing  common  denominators;  or  we  may  have  to  convert  the 
Viirying  units  of  dimensions  or  weights  into  a  common  unit  of 
measure,  before  we  can  satisfactorily  complete  the  requin?d  suui- 
mution.  Then  we  have  to  reverse  the  process,  and  restorf>  onr 
gross  sum  to  the  various  units  of  measure,  to  render  them  intel- 
ligible  in  our  system.  These  0[)erations  ai*e  est>ecially  cumbrous 
anil  hiborious  wben  we  are  rerjuired  to  square  or  cube  our  linear 
measures  to  obtain  measurenieiits  of  surface  or  volume.  All 
this  interc  on  version  is  avoided  w^hen  metric  units  are  {leaJt  with. 

Still  we  fre(]uently  find  notable  exce|)tions  in  which  arithmet- 
ical o]-*erations  are  i>erfonned  with  our  quantities  with  grea^ter 
facility  thim  with  the  other.  The  apt  use  of  favorable  fractional 
terms  by  the  skill'ul  computer  is  frequently  found  to  give  the 
requireil  result  with  gi^ater  facility  than  by  the  us©  of  decimals. 
These  are  the  exceptions  tliat  prove  the  rule. 

Before  Avrought  iron  ^vas  so  largely  dk]>laced  by  steel,  by  a 
happy  chance  its  speciflc  gravity  was  such  that  ten  times  the  sec- 
tional area  in  square  inches  of  aii>lled  bar  exactly  equalle<l  ita 
weight  in  pounds  per  lineal  ytinh  This  was  a  fortunate  coinci- 
dence for  the  computer.  At  one  effort  he  obtained  the  sectional 
areas  and  weights,  and  he  usually  recjuired  both.  So  useful 
was  tins  that  formerly  manufacturei's'  tables  gave  w'eights  in 
pounds  per  yard,  although  the  yard  was  never  a  common  unit  of 
measurement  in  our  shop  practice.  I^atterly,  as  steel  came  into 
use  J  its  specific  gravity  l)eing  2  per  cent,  gre-ixt^r  than  its  i>rede- 
cessor,  the  gh-»ry  of  the  equation  ha<l  ile|)artedj  and  tables  were 
soon  changed  to  weight  per  foot. 

No  t*xactly  similar  relatifm  is  to^.>e  found  in  metric  measures; 
l)ut,  on  the  other  hand^  analogous  examples  of  fortuitous  rela- 
tions between  terms  for  mass  and  me^isure  are  much  more  com- 
im:)n  than  in  our  system.  For  example,  the  established  unit 
relation  between  the  metric  ton  and  a  cubic  metre  of  water  en- 
ables US  to  get  with  slight  eifort  the  iveight  of  any  mass  of  ma- 
terial whose  specific  gravity  is  knoivn. 

Consider  liriefly  the  comparison  between  tlie  two  systems 
wdienw^orking  drawings  are  involved^  and  find  whether  simplicity 
of  expression  is  not  as  apparent  as  facility  for  enumeration^  in 
favor  of  the  metric  svstem. 
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An  old  and  never  ending  trouble  with  our  linear  measures  is 
the  confusion  frtM:iiiently  occurring  between  feet  and  inches^  We 
tan  all  i\3caU  errors  or  niisunderstiindings  arising  from  the  reluc- 
tance of  the  dniughtsTuen  to  place  a  distinct  foot  synibol  between 
tlie  figures  for  feet  and  inches.  Some  offices  I'ecjuire  all  dimen- 
si^iUi^  to  be  given  in  inches  alone.  The  olijection  to  this  is  that  it 
imposes  labor  and  chance  of  error  in  workmanship,  as  when 
measurements  of  several  feet  are  involved  the  workman  must 
make  the  conversion  before  he  can  make  his  measurements.  The 
best  practice  is  to  place  a  distinct  vertical  dash  for  the  foot  mark, 
and  a  hori:£ontal  tlash  to  mark  the  distinction  between  feet  and 
inches.  Counting  these  two  dashes  as  approximately  the  equiv- 
alent of  one  figure,  w^e  c^n  tabulate  the  number  of  figures  required 
to  denote  given  dimensions  by  either  system. 

As  metric  dra^vings,  such  as  used  for  ordinary  machine  shop 
work,  are  figured  in  millimetres,  the  number  of  figures  to  be 
written  is  positively  fixed  by  the  length  of  the  measurement. 

In  our  system  the  number  of  figures  is  largely  determined  by 
the  number  and  character  of  the  fi-actions  employed. 


KvmniEa  or 

FlUCTHRS  EHP1.ClirKPb 

Approxbnntu 

DilllL'llliiulliJ 

Hi^lHc. 

Otir  Syiattni, 

40iu.tr*  390  1m, 

4 

2toB 

4  in.  to  40  tn. 

3 

lto7 

1*0  in,  to  4  in. 

2 

lto5 

Below  A'  in< 

I 

2  to  4 

Taking  several  mechanical  drawings  at  random,  the  relative 
number  of  figures  required  by  the  two  systcTiis  ran  as  follows: 


Number 

07  FiauuBS  V$mif  dn  Bil^winoh, 

niiiictmlnnB 
it)  inchca. 

Mettic. 

Aver^gie  at  Four  Drawlt)g& 
Out  Syti£iEU 

B«low  ^f 

1 

2,22 

Ato4 

2 

2Z5 

4  to  4n 

3 

2.83 

40  to  390 

4 

4.05 

Gcni^ral  avi 

prttge 

2.5 

2.80 

Consider  the  relative  clearness  and  facility  for  interpretation 
of  the  drawings.      Our  usual  scale  of  reduction  down  to  1  inch 

per  foot  ('|J^  size),  excepting  |  inch  per  foot^  are  readily  measured 
by  the  dnuightsman  or  examiner  by  the  standard  rulOj  in  the 
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abBence  of  the  reclnetion  scale,  although  not  so  i^adily  in  geneml 
as  when  the  recloction  is  a  deciiiial  one.  But  when  tlie  plans  are 
drawn  to  scales  of  f  or  f  ^  or,  worst  of  all,  /q  or  /^  inch  jier  foot, 
the  perplexity  begins^  and  generally  results  in  the  draughtsman 
searching  for,  or  turning  and  twisting  his  triangular  scale,  to 
fin<l  the  measure  i^ec^uire^L  Wlien  wo  have  the  |>lans  plotted  l>y 
fche  surveyor  for  the  building  areas  we  propose  to  use,  and  he 
usually  has  sensibh?  scales,  10  feet  to  the  inch  or  desiniUo  mul- 
tiples thereof  J  then  one's  heart  is  gladdened  at  once,  as  no  n^duction 
Bcale  need  be  sought.  Our  pocket  rule  usually  applies  to  the 
case*  and  we  obtain  the  desire4  dimensions  with  ease.  So  also 
with  tirawings  from  metric  scales.  Most  of  these  can  be  inter- 
preted at  a  glance  by  the  standard  metric  rule,  and  any  of  them 
with  bttle  etfort. 

It  is  frequently  asserted  that  mist^ikes  ccndd  re^xdily  occur  in 
drawings  with  inetric  units  from  a  decimal  point  being  misphiced. 
With  nuichanica!  drawing;^  dimensioned  in  millimetres,  the  use 
of  a  <lecimal  point  would  rarely  occur*  Oidy  in  drawings  of 
great  precision,  oi*  fcjr  very  minute  objeetSj  when  the  mil  lime  tre 
had  to  he  subdivided^  would  the  use  of  a  decimal  point  be  re- 
quired. When  Ijigiier  units  tlian  the  millitnetre  were  used  on 
drawings,  decimal  i>oiiits  would  be  used  asamatteruf  conveuience; 
but  how  easy  it  would  be  to  write  all  figures  to  the  right  of  the 
decimal  point  in  small  figures,  the  same  as  we  use  for  one  uf  the 
terms  of  a  fractional  quantityj  whca  all  possibility  of  error  ^vould 
disappear. 

It  is  urged  by  the  opfKSsition  that  the  units  are  inconvenient, 
being  too  large  or  too  small  for  facility  of  application  in  the 
workshop.  I  cannot  answer  this  objection,  as  a  faithful  en- 
deavor, extending  over  many  years,  has  given  no  satisfactory 
evidence  of  an 3*  substantial  difference  between  the  practical  con- 
veniences of  the  respective  scales.  The  decimal  system  is  not 
capable  of  continuous  binary  division,  anil  that  is  one  of  the  dis- 
advantages of  a  decimal  notation,  and  offers  a  good  argument 
for  those  who  ]>ro}>ose  to  make  twelve  the  nulix  uf  our  system. 
A  dumlecinuU  base  has  many  unquestionable  advantages,  if  it 
would  be  possible  to  obtain  it  without  a  revolution  of  asweejjing 
and  destructive  character.  On  the  other  handj  with  a  purely 
decimal  Byst45m»  the  necessity  of  binary  division  is  not  so  great 
as  it  at  first  apjwars.  It  practically  disappears  from  technical 
literature,  and  remains  largely  a  popular  expression^  as  exem* 
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pliflecl  with  our  currency  Bystem,  without  any  confusion  or  m- 
consis^tency* 

In  the  mercantile  transactions  of  life  the  metric  system  offers 
0tandar<l  units  of  weiglit  approximating  about  a  ton^  220  pounds^ 
2}  pounds,  and  ^  pound,  the  hitter  a  very  convenient  unit  for 
petty  transactions,  which  is  kicking  in  our  system,  as  the  oanco 
apjiears  to  be  an  obscure  unit  in  the  popular  mind.  It  is  gen- 
erally conc-eded  that  the  system,  so  far  as  weights  are  concerned 
is  convenient  and  expressive,  its  adoption  woukl  not  l)e  attcnrled 
with  much  6xi>ense  or  confusion,  and  the  result  would  be  a  reduc- 
tion of  friction  and  misunderstanding  both  iu  internal  and  in 
international  exchanges. 

When  we  consider  the  difficulty  of  making  a  change  in  our 
system  of  measurementH,  we  must  all  coneetle  that  there  would 
lie  a  period  of  some  confusion  and  incidental  expense  during  the 
transition  perimL  I'ndouhtedly  this  burden  would  fall  largely 
on  machine  shops,  l'erha]'»s  iu  no  other  department  of  industry 
would  it  be  of  suoli  hiorious  moment^  but  even  in  the  machine 
sihoji  it  is  p nihil lih*  that  the  iiu mediate  necessary  outlay  would 
not  be  so  great  as  it  is  sometimes  urged.  If  all  our  toolst  gauges, 
etc,  had  to  he  instantly  discarded  ett  m*i^>it\  the  proposition 
would  be  a  very  serious  one.  It  is  not  bclieveclj  however,  that 
any  such  procedure  w^ould  he  necessary.  This  enbject  was  fuUy 
discussed  by  the  recent  committee  of  the  Franklin  Institutej  and 
the  sc!veral  jiractical  shopmen  who  were  on  that  committee  con- 
c-edeil  that  existing  tools  and  gauges  could  l>e  retained  until  they 
were  gradually  superseded,  merely  designating  the  nominal 
dimensions  in  the  nearest  convenient  metric  units,  Messi-s.  Lil- 
ians and  Robinson,  of  England,  who  R4>me  years  ago  adapted  the 
metric  system  of  ineasurements  in  their  wurkshops,  write:  '*  Ex* 
igting  tools  and  gauges  can  be  i^taine<l,  ami  can  he  nsetl  concur- 
rently with  those  designed  to  the  metric  units,  and  is  precisely 
what  we  have  done  for  the  last  ten  years  without  the  least  difl!- 
culty  whatsoever,  notwithstanding  the  fact  that,  owing  to  onr 
s|i*Mrial  circumstiinces,  touls  and  gauges  to  English  units  aix^  still 
in  use,  and  that  without  creating  any  confusion/' 

It  iss  quite  probahlw  that  any  machinist  who  w^ould  seek  to 
nmke  the  change  would  find  that  the  cost  of  uialdng  new"  tools 
and  gauges  would  be  extentled  over  such  a  [)rolonged  |)eriod  of 
time  that  the  exjiense  woidd  not  be  seriously  felt*  8o  also  with 
the  tables  of  our  technical  literature.     The  works  of  French  aud 


510 


THE   METIllO   SYSTEM* 


German  engineers  are  at  least  as  voluminous  as  oiirs,  and  we 
would  need  to  do  little  uioro  than  reprint  their  tables. 

We  cannot  claim  all  the  adv^autages  and  none  of  the  disadvan- 
tages for  the  metric  system.  Some  practical  advantages  are 
inherent  in  our  existing  methmls,  and  no  one  has  expressed  these 
with  more  pei^uasive  force  than  our  venerable  and  esteemed 
fellow-memljer,  Dr.  Coleman  Sellers,  in  the  various  articles  be 
has  written  on  the  subject*  As  he  stanils  among  the  Kestors 
of  our  profession,  his  age  and  exi)enenco  give  his  opinions  great 
weight,  and  be  has  always  l>een  a  tower  of  strength  to  the  oppo- 
nents of  the  system.  Nevertheless,  I  might  most  respectfully 
observe  that  some  of  ilr.  Sellers'  arguments  are  not  altogether 
convincing.  For  example,  he  in^fers  to  the  practice  of  a  German 
manufactun*r  of  twist  drills,  etc.,  who,  insfceiul  of  making  a  uni- 
form progression  of  diameters,  varies  alternately  by  "2  and  3  ndl- 
limetres,  in  order  to  keep  the  even  millimetre  dimension.  It  is 
quite  true  that  these  dimensions  M'oidd  not  be  so  readily  borne  in 
mind  as  when  the  advance  is  in  exact  arithmetical  progression; 
but  we  might  ask  what  valid  reason  is  there  why  the  dimensions 
in  question  cannot  be  advanced  by  frax^tions  of  a  millimetre? 
For  eXfUBplej  10,  12J^,  15,  ITf,  30,  etc.  This  is  perfectly  consis* 
tent,  and  is  no  more  trouble  to  expi-ess  than  in  the  case  of  our 
conuuoE  fractions, 

Mr.  Sellers  also  refers  to  the  convenience  of  reducing  finished 
shafting  by  j\  inch  diameter  from  the  even  rolled  dimensions- 
This  would  sound  better  to  the  imR  roller,  if  he  was  not  re- 
minded how  he  is  frequently  required  to  roU  rounds,  '*  full '''  in 
diajneter.  This  fulness,  which  varies  from  ^^  to  -^\  inch  dianjc- 
ter,  has  long  been  a  bugbear  to  the  roller.  Probably  as  practical 
units,  1  millimetre  of  reduction  for  small  and  2  millimctros  of 
iHsduction  for  medium  diameters,  Avould  be  about  as  close  as  we 
should  attempt  to  work  in  turning  finished  rounds  from  actiial 
rolled  siKCS.  It  is  very  true  that  the  apparently  small,  but  prac- 
tical, affairs  of  life,  and  those  vrhich  concern  our  workmen^ 
sliould  be  given  the  most  caref  id  consideration  in  deciding  this 
question. 

Of  course  the  predominant  argument  for  the  metric  system  is 
that  it  harmonizes  with  the  universal  notation  of  the  worlds  and 
is  the  only  methoil  so  far  proposed  that  offers  a  promise  of  be- 
conung  iiccepted  as  an  international  syst^&m.  This  in  itself  is  a 
most  huportant  consideration^  and    its   consummation    would 
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justify  some  sacrifices  if  fchey  would  seem  to  be  nec6ssary,  but  in 
addition  to  the  foregoing  its  advocates  firmly  believe  tliat  there 
are  several  ]>ractical  at.1  vantages  which  would  attend  its  adoption. 
It  Simplicity  of  expression  and  enumeration.  The  common 
fnu.*tion  is  not  required,  and  few  qualifying  symbols. 

2.  Facility  for  memorizing,  rendering  reference  to  tables 
rarely  necessary, 

3,  Comparative  ease  of  com  potation,  owing  to  the  constant 
decimal  relation  and  the  correlation  established  between  the  vari- 
ous weights  and  measures. 

4,  The  ready  measurement  of  drawings  by  the  standard  scale, 
and  little  liability  of  mistakes  in  the  interpretation  of  quaotities- 

5.  Convenient  units  of  weight,  both  for  large  and  for  small 
quantities. 

0,  Units  of  lengtli  as  convenient  as  our  own,  with  the  advan- 
tage of  having  in  themilliinStrea  more  convenient  minimmn  unit 
for  scales  than  we  possess  in  our  binary  subdivisions  of  the  inch. 

As  the  matter  now  stanils,  we  seem  to  be  gradually  working 
toward  tw^o  standards,  one  used  in  scieutilic  and  scuii-scientitio 
work,  and  the  other  in  the  practical  affairs  of  life.  It  might  be 
saggestetl  as  a  means  of  reaching  a  finid  decision  that  a  commis- 
sion be  appointed  of,  say,  a  dozen  meu,  thi*ee  from  the  American 
Society  of  Mechanical  Engineers,  three  from  the  American 
Society  of  Civil  Engineers,  tliree  from  the  American  Asso- 
ciation for  the  Advancement  of  Science,  and  three  from  the  New 
York  Chaud>er  of  Commerce.  Let  these  men  be  selecteii  for 
their  broad  intelligence  and  freedom  from  partisan  bias.  Re- 
quest this  body  to  ejcamine  the  suhject  in  all  its  bearings  and 
from  every  point  of  view,  take  ample  time  to  reach  their  conclu- 
8ion>  and  report  the  results. 

A  decision  from  such  a  body  would  influence  the  nation  and 
its  representative  in  the  legislature,  and  would  probably  settle 
the  question  for  the  next  generation. 

In  conclusion  the  writer  desires  to  express  his  opposition  to 
any  compulsory  legislation  on  the  subjectj  e^en  if  the  measure 
api>ears  to  be  approved  by  a  majority  of  the  i>eo]>le. 

It  must  win  its  way  gradually  by  its  own  merit.  When  it 
becomes  evident  that  the  time  is  ripe  for  it,  the  national  govern- 
mont  can  inaugurate  the  system  in  its  own  departments,  whence 
it  will  soon  spread  through  the  manufactures  and  commerce  of 
the  nation. 
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Mr,  F,  A.  naUey.—\%  it  not  queer  logic  that  asserts  tliat  be- 
cause we  have  one  too  many  tons  ali'c^ly  tliat  thei*cfore  we  ought 
to  introduce  another — tlie  metric  ton.  Will  it  be  any  easier  to 
get  rid  of  the  long  ton  after  tlie  adoption  of  the  metric  system 
than  nowV  Will  the  confusion  that  now  exists  between  the  two 
tons  be  any  less  among  three  ?  The  knig  ton  is  the  most  familiar 
illustration  we  have  of  the  {persistence  uf  an  old  uuit^  and  its  sur- 
vival should  teach  the  metric  aAlvociites  the  difficulty  of  getting 
rid  of  old  units.  Mr.  Christie's  easy  [issumption  that  the  long 
ton  would  have  disappearal  if  it  had  been  made  illegid  is  dis- 
proren  by  Ifr,  Ilenning's  citation  of  the  well  kuo^vn  practice  of 
calling  2,400,  and  even  ^^,700  pounds,  a  ton  in  the  coal-raining 
regions^  although  that  practice  is  subject  to  a  heavy  fine. 

Mr.  Christie^s  itiference  to  the  persistence  of  old  units  in  Euro- 
pean textile  industries  simply  inverts  the  facts  whiulr  show  the 
survival  of  old  units  to  be  in  the  processes  of  numnfacture  by  the 
highly  trained  technical  men— not  among  the  mass  of  the  people. 
It  is  the  mass  of  the  people  who  use  the  metre  in  buying  and 
seUing  their  fabrics,  and  the  technical  men  who  use  the  aune,  the 
moque  and  the  denier. 

I  have  endeavored  to  show,  paragrajih  TO,  that  there  is  no  par- 
allel between  a  system  of  currency  and  weights  and  measures, 
and  it  is  unnecessary  to  repeat  the  argument  here. 

I  have  explained  that  the  experience  of  Germany  in  adopting 
the  system  furnishes  no  parallel  tnv  us.  In  German}^,  as  in 
France  and  Spain,  the  confusion  owing  to  different  units  in  dif- 
ferent districts  and  even  towns  raa^le  a  change  of  some  sort  hn- 
perative,  and  almost  any  change  was  bound  to  lie  for  the  l>etter. 
Except  for  our  two  tons,  we  Itave  no  such  confusion.  The  inch 
has  but  one  value  throughout  this  country, 

Tito  liability  of  confusion  lietween  feet  and  inches,  to  which 
Mr.  ( .'hristie  refers,  is  as  nothing  compared  with  tlie  liability  of 
confusion  duo  to  the  varying  places  of  the  decimal  point  in  the 
metric  sv^temj  as  well  as  to  mistakes  in  pkic^ing  it.  1  have  ex- 
plained that  for  any  one  purpose,  the  place  of  tlie  decimal  point 
must  be  fixed  and  understood,  but  this  is  not  the  case  where 
diflferent  purposes  are  considered.  Thus,  for  machine-shop  use, 
the  unit  is  the  millimetre,  and  the  dt>cimal  point  is  acconlingly 
plnjt^e<l,  or  more  usually  understood  as  belonging  after  the  figure 
for  millimetres.  For  scientific  work  the  point  is  [ilacod  after  the 
centimetres,  and  for  civil  engineering  work  after  the  metres — 
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OT  in  large  sorTeys,  I  believe,  after  the  kOometres.  Again , 
wbiJe  in  shop  work  the  miit  of  Icjiigth  is  tlie  millimetre,  tlie  iniit 
of  area  is  the  square  eentimetre,  with  corres{X)ncliug  differences 
in  the  place  of  the  point,  ( 'onsitler  the  inntatiuu  to  error  which 
these  differences  offer.  The  unit  intended  mftd  he  ilidrmjuhhed 
in  mmie  waf/^  and  there  is  a  far  greater  inherent  proljability  of 
error  in  the  misunderstooil  or  misphiyced  decimal  point  of  the 
metric  system  than  in  the  omission  of  the  foot  and  inch  marks 
by  a  draughtsman.  Compare  the  simple  English  ticks  to  indicate 
inches  with  the  fourteen  movement  m,m-  necessary  to  indicate 
millimetres  when  distinction  is  required. 

Mr,  Christie  has  made  a  rational  comparison  of  the  number  of 
figures  recpiired  on  drawings — which  Mr.  Ilenning  has  not— but 
where  does  the  marked  sui)eriority  come  in  ?  Taking  his  figures 
as  they  stand,  they  show  a  reduction  in  the  mmiber  of  figures 
ref|iiired  on  mechanical  drawings  of  between  twelve  and  thirteen 
per  cent.     This  is  certainly  whittling  things  to  a  fine  point 

'^  A  duodecdnial  base  has  many  unquestionable  advantages  if  it 
would  b©  pOKsible  to  obtain  it  without  a  revolution  of  a  sweeping 
and  destructive  character."  To  that  I  cordially  sutecri be,  but 
would  add  that  the  Disposition  to  the  metric  system  is  based  on 
tlie  belief  that  it  involves  a  revolution  of  sweeping  and  destruc- 
tive character.  I  have  endeavored  to  indicate  how  destructive  it 
would  be,  and  to  this  presentiition  Mr,  CTiristie  makes  no  effort 
to  reply. 

Mr,  C^hristie' s  paragraph  regarding  the  kilogramme  and  its  use- 
fulness in  international  exchanges  would  bear  much  elaboration , 
luit  thii  Society  bos  little  interest  in  other  units  than  those  of 
length. 

To  Mr.  Christie's  references  to  the  experience  of  Willans  & 
Robinson,  I  have  referreil  in  replying  to  Mr.  Miller.  In  bis  ref- 
erence to  the  cost  of  new  small  tools,  Mr.  Christie,  hke  most  of 
the  metric  atlvpcatc^s,  looses  sight  of  what  I  have  endeavored  to 
esjiecially  emphasize— the  loss  of  standards  as  such.  The  chief 
cost  of  the  change  is  not  measured  by  the  cost  of  new  took,  but 
by  the  throwing  away  of  standards,  the  value  of  which  we  will 
not  know  until  we  lose  them.  The  value  of  shafting  ami  (lulley 
standtirds,  for  example,  lies  in  the  fact  that  by  reason  of  them 
shafting  and  pulleys  uvaj  lie  made  in  large  quantities  and  there* 
fore  cheaply;  that  because  their  fitting  is  insured,  they  can  1>0 
made  in  advance  and  sold  from  stock  *dB  needed,  instead  of  being 
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matle  to  order  at  increased  cost  and  delay ;  that  |>ulleys  can  be 
changed  about  as  neededj  and  if  thrown  out  of  use  become  again 
available  for  any  shaft  of  then*  size,  whenever  wanted.  Who 
would  think  of  estimating  the  value  of  shafting  standards  to  the 
country,  by  the  value  of  the  turning  and  boring  tools  and  gauges 
in  pulley  and  shafting  factories?  Nevertheless,  that  is  exactly 
what  Mr,  Christie  does  in  his  references  to  the  gradual  change 
of  shop  tools.  Every  reff^rettce  f^/  the  cmt  of  nmo  took  tacitly 
€^sum^s  that  'present  sfandarth  are  /^>  he  ithandmieih 

Mr.  Christie^s  suggestion  that  we  reprint  Freach  and  German 
tables  is  especially  unfortunate.  A  German  table  of  the  How  of 
water  in  pipes  is  ap])licable  to  Gerinan— that  is^  nietrio — sizes  of 
pipe  only,  and  similarly,  a  German  table  of  tlie  strength  of 
beams  is  applicable  to  German— that  i^,  metric—sizes  only. 
These  tables  conld  not  be  used  in  connection  with  our  sixes  of 
pijKJS  or  beams.  If  we  are  to  express  volumes  of  ^^^ater  and 
loads  on  beams  in  metric  unitSj  and  continue  our  existing  stand- 
ards of  pipes  and  beams,  we  must  have  new  tables.  When 
our  pipes  and  beams  are  changed  to  metric  dimensions  we 
shall  need  a  third  set  of  tables j  and  during  the  transition  period 
we  shall  have  repeated  use  for  aU  three  sets.  This  whole  sub- 
ject of  technical  literature  leads  to  the  most  hopeless  con* 
fusion* 

Regarding  Mr.  Christie's  experience  in  computing  tables,  I 
must  re]H^at  that  I  can  conceive  of  no  ordinary  engineering  cal- 
culation in  which  the  slide  rule,  as  compared  with  the  usual 
method,  leaves  enough  time  remaining  for  the  metric  system  to 
save  to  be  of  any  moment,  and  if  the  system  saved  all  that  he 
thinks  it  does,  I  cannot  conceive  how  the  saving  to  the  coni[>ara- 
tively  few  who  make  calculations  can  justify  a  change  on  tlie 
part  of  the  people  at  large,  or  how  it  can  be  a  matter  of  any 
public  moment. 

Imagine  a  retail  merchant  to  buy  his  goods  in  metres  and  kilo- 
grams, and  to  seU  them  in  yards  and  pounds^  or  a  wholesale 
merchant  to  sell  to  some  custoiners  by  the  metric  and  to  others 
by  the  English  system,  or  a  manufacturer  to  make  his  goods  by 
one  system  and  to  sell  by  the  other — as  tewtiU  mamtfmturers  am 
doing  to-day  throughout  metric  Europe^  One  or  all  of  these  con* 
d  it  ions  must  arise  during  the  transition  period,  and  all  would 
give  rise  to  endless  transforiuations  between  the  systems,  all  of 
which  represent  so  much  addkd  labor,     Eefer  to  Kr,  Dale's 
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graptic  picture  of  cost  calculations  in  German  textile  mills,  para- 
graph  9.  The  whole  argument  for  the  saving  of  time  in  calcula- 
tions assumes  the  transition  to  be  substantially  complete.  While 
before  that  thna  men  may  here  and  there  be  found  who  wiU  ex^ 
perience  a  slight  gain  because  the  change  in  their  occii]>at4ons  is 
complete,  this  will  be  many  times  otfset  by  the  endless  trans- 
formations of  otherSj  so  that  to  the  nation  there  can  be  no  gain 
until  the  change  is  practically  complete.  And  what  will  it 
amount  to  then?  What  fraction  of  the  time  of  the  American 
people  is  devoted  to  calculating?  There  never  was  so  small  a 
mole  hill  magnified  into  such  a  mountain, 

Mr,  Christie  has  risen  to  the  occasion  wliich  no  other  partici- 
pant in  this  discussion  has  done,  ami  has  given  us  a  list  of  the 
advantages  winch  we  are  to  gain  by  the  mioption  of  the  system. 
The  wdiole  lot^  taken  at  its  face  value,  is  not  w*orth  as  much  as 
our  pipe  thread  standards  alone,  and  Mr,  Christie,  like  the  others^ 
has  failed  to  show  how  the  adoption  of  the  system  can  fail  to 
involve  fJie  (hstruelion  qf  all  meehmwrd  sfmnlanh. 

The  following  extracti*  from  a  letter  by  JIr<  A,  M*  Mattlce, 
Chief  Engineer  of  the  Westinghouse  Klectric  and  5[anufacturing 
Company,  give  experiences  which  relate  to  some  of  ilr,  Christie's 
claimed  points  of  superiority^  and  these  come  from  sources  which 
will  command  respect: 

For  a  number  of  j'earg  I  have  had  more  or  Ie«a  oceaMon  to  ha\^  drawings  made 
in  the  nietric  system.  My  experience  has  been  thut  foreljsfn  draiightsiiieu  who  were 
originally  brought,  up  in  the  usf?  of  the  metric  system,  and  later  eouie  t^j  ihia  coun- 
try tttid  worked  in  the  English  systeni,  and  have  l>eronie  as  skilled  in  the  use  of  the 
latt^^r  as  in  the  use  of  the  fonnetT  will  work  raore  rapidly  on  dra\™iga  in  Englkh 
tneasures  than  on  those  where  the  metric  system  is  used.  Due  of  the  reaBoiis  for 
thiH  b  the  greater  ease  of  iisinj?  an  easily  sub-divided  system  like  the  Euftlish^ 
vViiother  njiuwa  k  the  greuter  ease  of  quit'kly  picking  out  a  dimension  od  M-ales  in 
the  F^nglish  s>'stem. 

The  foUtJwing  incident  is  of  interest  in  this  connection :  During  a  visit  to  Europe 
la*(t  eujumer,  a  party  of  uh  \'iaired  the  Ocrlikoii  Electrical  Works  in  Switzerland. 
We  %wre  shown  over  their  work;^  by  tln.nr  chief  draughtaman^Mr*Leon  von  Muralti 
who  was  for  gcvcral  years  with  the  Westinghouse  Electric  and  Manufacturing  Com- 
pdityt  East  PUyburj!:^  Pa,^  and  i^i  thoroughly  acquainted  with  American  prat- 1 ice. 
One  of  oar  party  asked  Mr.  von  MuraJt  the  result  of  his  e3cperience  in  the  En^lisli 
iind  metrir  sy&l€?ni!J,  He  rt' plied  without  hesitation  that  *'  for  drawings  and  shop 
use  he  t*c»nsidered  the  English  i?iy3t.em  the  more  practical,  but  for  calculations  the 
metric  s3*st*^rTi  had  the  advatit^e,*'  As  calculations  form  a  very  small  part,  of  an 
induErt.rial  establishment,  and  as  the  gretiter  part  of  conuuercial  calculatiooFj  an? 
nowadays  made  i>y  the  sUdt*  ruli^  or  other  ealcidating  inatrumentB^  the  ad\'aniagtf 
ciUjd  by  Mr.  von  Muralt  would  not  U*  apprvtiaUe. 
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I  might  mention  another  inatanee,  as  followB :  The  chief  engineer  of  our  Fi^nch 
Company  (Soci^tt^  A  i;  any  me  Westinghoust.*) ,  Mn  W.  E,  Ilecd^  was  transferred 
from  the  p^injrit  company  to  the  French  eompany  about  three  years  ago.  All  the 
canatmctlon  work  of  this  company  is  necesisftrily  done  in  the  metric  s^^&l^m.  Mr* 
Reed^  is,  of  courfle,  thoroughh^  et>ii\T!r»ant  with  the  metric  system  and  is  brought 
into  contact  mth  it  honrly*  Notwithstanding  thiE,  Mr.  Reed  makea  aU  hii  caI- 
culfltions,  except;  thr.is4*  in  coniicclioti  vdth  f miisformers,  in  the  English  system, 
and  simply  translates  his  final  n^snlts  into  mirtric  me^urcs*  He  does  this  for  the 
reason  tliat  all  of  the  fommlae  and  coi^i^UmUs  which  he  uses  wt^re  learned  in  the 
English  system,  and  it  l«  easier  to  coniimie  the  use  of  them  than  to  relearn  them 
in  the  metric  gyatt-nu  In  the  ease  of  transformers,  all  the  forninlae  and  constants 
which  he  uses  have  been  worked  out  by  him  since  he  joined  the  French  company^ 
and  for  eonvenience  he  worked  them  out  in  the  metric  system.  This  case  m  an 
example  of  the  difficulty  of  attempting  to  hreak  loose  from  an  existing  system, 
where  the  newsystem  does  not  offer  sufficient  advantages  to  induce  one  to  make  a 
change.  If,  after  three-years^  experience  m  the  metric  siyT^temt  Mr*  Reed  bad 
found  that  he  eould  work  more  rapidly  by  calculatii^g  in  the  metric  system,  [>e 
woulcl  imdoubtedly  have  done  so. 

Another  example:  Mr*  Otto  C.  Reymann,  mechanical  engineer  of  the  same 
company^  is  a  tii.^rmaTi  and  received  his  technical  educatinn  at  C^arlottenburg  and 
Zurich,  where,  of  course,  the  only  iy{»U»ni  of  mea^tnt*s  um^d  was  the  metric.  Mr. 
Reymann  spent  about  six  years  in  practical  work  iu  this  couatr>%  where  he  became 
accustomed  to  the  use  of  the  Englmh  system.  He  has  now  bc^en  with  the  French 
Wt'sfinghouse  Company  nearly  fivi'  years,  where  he  m  daily  brought  into  contact 
with  the  jnetric  ^ystctn.  Not  withstanding  thin,  he  does  all  liis  thinking  and  caU 
culaliiig  in  the  English  s^yetem  and  translates  Hs  Jinal  result'^  into  the  mf^tric  sys- 
tem. 

Messrs.  Reed  and  Reymann  are  both  on  a  visit  to  this  country  at  the  present 
tiifie^  and  I  hiivc  to-day  talkt^d  with  them  about  this  matter,  I  had  pn.n'ioualy 
heard  that  Mr,  Reed  still  worked  in  the  English  systeai  and  he  hi\s  confirmed  that 
understanding.  It  was  not  until  to-d»y  that  I  knew  that  Mr.  Rey  niann  was  also 
Ubing  the  English  system.  In  his  case  it  W(mld  be  natiu'al  to  suppose  thnt,  having 
been  brought  up  in  the  use  of  the  metric  systejn,  when  he  went  back  to  Europe 
he  would  have  gone  back  to  the  use  of  that  system  if  it  posaesaed  the  great  advan- 
tages wMeh  are  claimed  for  it  by  it«  advocates. 


In  paragraph  71  we  have  tho  unfavorable  experiences  of  Mr, 
Linnard,  and  in  paragraph  72  that  of  Mr,  Kess.  The  great  savings 
of  time  in  calciiliition  by  the  metric*  system  are  imaginary. 

As  regards  tho  convenience  of  English  and  metric  draughts- 
men's  scales,  the  experience  of  Mr.  TIess  is  also  distinctly  nn- 
favorable  to  the  metric  scales.     Mr,  Hess  savs: 


From  the  draiightstnan's  pohit  of  view,  the  hinan' system  is  ako  decidedly  mom 
convenient*  *  *  ♦  Actual  lijse  will  con \i nee  anyone  of  the  truth  fif  this,a<^  it  has  me, 
who  confesses  to  ha\  ing  been  very  ftcoptjeal  aij  to  there  beiug  »  practically  notice- 
ahk'  difference  in  couvenicnc^  of  quarter  against  fifth,  and  vLghth  as  against  teothj 
scales. 
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Tiic  experience  of  William  Sellers  &  Co,  is  the  same  m  that 
of  Mr.  Hess  (see  TmnmetJmUy  voL  i.,  page  38). 

Fiualljj  Sir.  Christie  is  not  in  favor  of  compulsorj^  legislation, 
but,  like  all  the  others,  he  fails  to  jKiint  out  how  a  law  whidi 
Inquires  the  use  of  the  system  in  a  transaction  can  fail  to  he 
com]>ulsory  oa  Ijoth  parties  to  the  transaction*  Further,  siioh 
progress  as  has  l>een  made  elsewhere  has  been  due  to  compulsory 
laws*  With  the  record  of  that  experience  before  him,  how  long 
does  Mr,  Christie  think  the  transition  [>eriod  will  last  with  us 
and  without  compulsion? 

J//*,  Ff*eiL  J,  3li'llef\ — In  commenting  ujxjti  this  paper  I  do  not 
propose  to  ]>resent  the  argument  for  the  metric  system,  but  sim- 
ply to  call  attention  to  the  fact  that  there  is  such  an  argument. 
80  far  as  the  records  of  this  Society  go,  I  believe  they  do  not 
show  that  tliere  in  any  argument  in  favor  of  tlie  metric  system. 
Every  pai>er  that  has  l>een  ]>resented  upon  the  subject  has  been 
against  it,  and  tlie  only  comnuttee  tliat  bas  e^er  been  appointed 
by  the  Society  to  do  anything  in  connection  with  the  subject  of 
the  metric  sj^steni  is  comiK>sed  exclusively  of  strung  opponents 
of  the  metric  systom — men  of  great  ability,  it  is  true^  but  mak- 
ini*;  up  a  committee  which,  by  iLs  constitution ^  is  utterly  nnablej 
iimh  in  fact,  does  not  intend  to,  give  the  suliject  impartial  con- 
sideration. Of  course  this  Society  is  not  organized  to  atlvance 
or  to  oppose  certain  proposed  i^eforms,  but  rather  to  get  at  and 
present  the  facts  regainling  any  question  that  may  come  before 
it,  and  in  order  to  do  that  it  must  obviously  consider  what  may 
be  said  on  both  sides.  This,  it  seems  to  me^  has  not  been  clone; 
and  what  I  shall  have  to  say  will,  therefore,  bo  for  the  ])urpo3e 
of  showing  that  at  least  there  is  an  argument  on  the  other  side 
which  we  ought  to  consider  before  putting  ourselves  upon  reconL 

Mr.  Halsey  opens  his  paper  with  a  citation  of  the  fact  that 

jeutiQc  and  trade  societies  ai-e  calling  for  the  passage  of  the 
hill  now  before  Congress^  looking  to  the  partial  adoption  of  the 
metric  system  in  the  various  departments  of  the  government, 
and  he  names  seveml  men  who  are  well  known  engineet^s,  mem- 
Ijers  of  this  Society  as  well  as  others,  who  favor  the  bill  and  the 
adojition  of  the  fiv^teni.  Now,  anyone  who  will  take  the  trouble 
to  look  up  the  rcx*ords  will  find  tbat  in  evety  case  where  such 
societies  as  the  Western  Society  of  Engineers,  the  Franklin  Insti- 
tutCj  the  Engineers*  Club  of  Philadelpiiia,  etc.,  have  taken  action 
upon  this  queetiooj  they  have  done  so  only  after  a  sp^ial  effort 
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to  bring  out  all  the  argiiinents  possible  on  both  sides,  and  to 
carefully  consiiler  those  arguments.  Does  it  not  seem  the  part 
of  wisdom  for  this  Society  to  pursue  the  same  course — the  truly 
scientilic  course — before  attempting  to  decide?  Mast  we  con- 
clude, as  the  author  of  the  paper  would  evidently  have  us  con- 
clude, that  all  these  \\"ell-known  men  and  societies  are  siinply 
blind,  and  that  only  he  and  others  who  oppose  the  metric  system 
can  see? 

History  is  fnll  of  examples  in  which  the  wisest  of  men  haya 
become  worshippers  of  a  fetishj  and  have  firmly  believed  that 
anyone  who  presumed  to  say  a  wortl  against  this  fetish  ouglit  to 
be  ignored^  imprisoned,  or  boiled  in  oil,  depending  u\Km  how  far 
back  into  history  we  go  for  our  examples*  Let  us  not  b©  wor- 
ship]>ers  of  any  fetish ^  but  rather  let  us  follow  the  example  of 
those  other  societies  cited  by  Mr.  Halsey,  and  many  others  not 
cited  by  him — conduct  a  careful  and  impartial  investigation, 
then  decide^  by  a  full  vote  of  the  Society,  if  it  is  considered  de- 
sirable that  the  Society  should  place  itself  on  record  in  the  mat- 
ter. It  seems  to  me  the  height  of  folly  to  conclude,  without 
examination,  that  such  men  and  societies  as  are  cited  in  the 
paper,  and  many  others  that  might  be  mentioned,  have  come  to 
conclasions  favoralile  to  the  metric  system,  without  having  any 
reasons  therefor  worthy  of  consideration* 

I  pass  over  the  fact  that  gems  are  weighed  by  the  carat  in 
metric- using  countries,  and  that  expressions  both  for  and  against 
the  metric  system  may  be  extracted  from  the  famous  report  of 
John  Quiricy  Ailanis,  as  being  com]mratively  unimportant,  and 
will  confine  myself  to  the  consideration  of  what  people  of  to-day 
are  doing  and  thinking  about  this  question — people  who,  for  the 
most  part,  are  directly  connected  with  the  business  and  art  of 
producing  machinery. 

This  cuts  out  all  that  Mr-  Halsey  has  to  say  about  the  great 
confusion  that  exists  in  the  textile  industries  of  Europe,  which 
confusion  results  apparently  from  the  fact  that  they  do  nf4  use 
the  vietHc  ^ifsieni.  All  of  M'hat  is  said  in  the  paper  on  that  point 
seems  to  show  simply  that  there  has  been  no  compidsion  with 
regard  to  the  use  of  the  metric  systejn  in  the  textile  md  us  tries  of 
Europe,  and  that  they  are  therefore  using  the  numerous  stand- 
ards that  were  in  use  before  the  introduction  of  the  metric  sys- 
tem. To  say  that  this  confusion  is  caused  by  the  metric  system 
is  to  remind  one  of  \vhat  the  boy  said  in  his  essay  upon  salt.     He 
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said,  "Salt  is  what  spoils  your  potatoes  when  j^ou  don*t  put  any 
on<'*  In  like  manner  the  metric  system  produces  groat  coiifu- 
Bion  in  the  textik^  industries  of  Euro]>e  when  it  is  not  used.  Mr. 
Halsey's  phm  for  remedying  the  j>resent  deplorable  condition  of 
affairs  there  woidd  seem  to  be,  to  give  up  trying  to  do  anything, 
and  to  go  on  using  the  21  different  ellSj  the  **  picks/'  -*cuts/' 
*' skeins/'  eta 

^Vi\  however  J  are  more  interested  in  this  matter  as  it  applies 
to  the  construction  of  machinery,  and  in  this  connection  I  beg 
to  say  that  daring  the  past  15  years  we  hare  received  in  the 
office  of  the  Ameriemi  Machinist  many  blue  prints  mtule  in  the 
draughting- rooms  of  Eurapean  machine  shops.  Not  one  of  these 
blue  prints  has  l)een  based  upon  an  ell  of  any  kind  or  va^lue,  nor 
upon  an  inch  of  any  kind  or  value,  AH  of  them  have  been 
figured  in  millimetres,  and,  so  far  as  I  recall,  not  one  of  them 
has  had  upon  it  a  decimal  or  other  form  of  fraction.  I  have 
s]ient  considerable  time  in  ins}ieuting  and  studying  Euroi>ean 
machine  shops^  and  never  encountered  any  other  than  the  metric 
system  in  any  of  them.  This  is  not  to  be  despisetl  as  negative 
testimony,  but,  on  the  contrary,  proves,  I  think,  that  there  is  a 
practically  general,  or  almost  exclusive,  use  of  the  metric  system 
in  European  machine  shops.  Anil  I  think  the  conclusion  is  a 
fair  one  that  this  system  has  come  into  use  in  Eiuroiican  mac^hine 
shops  because  it  has  been  found  to  be  a  good  system  for  the  pur* 
pose;  because  it  has  been  found  advantageous  to  use  it  ratlier 
than  any  other;  for,  as  Jlr,  Halsey  has  hhnself  shown,  tliex*e  is 
no  effective  compulsion  about  it,  and  the  machinery  builders  of 
Eurojie  coukl  undoubtedly  have  gone  on  using  their  old  mixture 
of  stanihirds  just  as  the  textile  men  luive  done,  bad  they  chosen 
to  do  so;  or,  in  other  words,  if  tliey  had  not  been  open^nunded 
enough  to  perceive  that  the  new  system  offered  advantages  tliat 
made  it  worth  while  to  adopt  it* 

Were  I  a  metric  system  advocrate  I  might  reply  to  much  which 
attempts  to  show  that  if  this  bill  passes  we  shfdl  have  to  abandon 
all  our  present  standards  for  parts  such  as  enter  into  the  construc- 
tion of  machinery.  I  most  decidedly  do  not  believe  any  such  thing; 
but  I  pass  it  over  to  1k)  considered  l>y  others,  while  I  con  line  myself 
to  the  task  of  attempting  to  show  that  it  is  at  least  Avorth  while 
for  this  Society  to  make  a  thorough  investigation  of  the  whole 
matter.  I  cannot  refrain  from  noticing,  however,  in  passing,  at 
[mmgraph  05,  tlie  reference  to  the  tank  of  water  iUustratio^i^ 
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whichj  of  course,  is  nsed  by  metric  advocates  only  as  typical  and 
not  because  they  think  that  engineem  spend  most  of  their  time 
computing  the  weight  of  tanks  of  water.  But  since  the  author 
of  the  pa[)er  brings  this  up,  says  it  is  contemptible,  and  that  not 
10  per  cent,  of  tlie  members  of  the  Society  ever  have  to  make 
such  calculatioDs,  I  will  ask  what  (>ercentage  of  the  members 
aver  have  to  count  *'  picks  "  or  "  hanks  '*  or  **  cuts/'  or  compute 
yarns,  using  these  standai'd^  together  with  some  21  different  ells 
in  finding  out  how  much  yarn  will  be  reqnired  for  a  yard  or 
a  metre  or  an  ell  of  cloth.  If  one  illustration  is  contemptible^ 
perlutps  the  other  is  at  least  equally  so.  My  own  opinion  is  that 
neitlier  of  them  have  niuch  bearing  upon  the  question  of  whether 
it  is  or  is  not  best  that  the  bill  now  before  Congress  should  pass 
into  law,  or  whether  or  not  it  would  be  advantageous  to  intro- 
duce the  metric  system  into  American  machine  shopSp 

It  is  not  very  important  so  far  as  it  relates  to  the  question 
under  discussiou,  but ,  should  be  noted,  perhaps,  that,  in  the 
calculation  mentioned  in  piiragmph  67  of  tbe  pa|>er,  only  tJjree 
p^irtial  products  are  ret|uired  in  squaring  2,438,  When  in 
multiplying  you  have  a  partial  product  obtaineil  by  multiply- 
ing the  multiplicand  by  a  nuuiber  which  is  a  factor  of  any  other 
figure  or  grou])  of  figures  in  the  nmltiplier,  it  is  necessary  only 
to  multiply  such  jmrtial  product  by  the  other  factor.  Applying 
this  rule  to  the  case  in  i>oint,  we  find  that  %vhen  wo  have  the 
first  two  partial  products  we  can  get  the  product  of  2,4MS  by  M 
Bunply  by  midtiplying  the  first  partial  product  by  3  or  the  sec- 
ond one  by  S,  and  this  reduces  the  labor  and  the  number  of  sepa- 
rate mentid  operations  by  25  j)er  cent. 

With  regard  to  the  problem  referred  to  in  the  letter  from  Mr. 
Hess,  quoted  at  paragraph  72  of  Mr.  Halsey's  paj>er,  tJiis  aroused 
my  curiosity  a  little,  and  I  wrote  to  Mr.  Iless  for  particidars,  and 
under  date  of  Octoter  28th  be  replies,  stating  that  the  pral>lem 
consisted  of  converting  horse-power  c^^nsumed  in  removing  in  the 
lathe  a  given  quantity  of  iron  per  second,  expressed  in  cubic  centi- 
metres, into  horse-power  per  x- Idles  per  hour*  The  result  as  stated 
was  that  some  of  the  computers  got  the  decimal  ^loint  misplaced  by 
as  many  as  six  places.  This  is  somewhat  curious,  and  it  seems  to 
me  raorally  certain  that  if  those  computers  hati  been  accustomed 
even  a  little  bit  to  computations  of  that  nature,  or  if  they  had 
possessed  only  a  little  knowledge  of  the  rate  at  whi(*h  iron  is 
removed  in  the  lathe,  and  the  horse-power  consumed  in  removing 
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I  they  would  have  been  able  to  make  the  computation  all  tbe  way 
through,  disregarding  the  decimal  point  entirely,  and  could  then 
have  phice«l  it  correctly  in  the  answer  simply  by  inspection  and 
guided  by  their  ex|>erience  in  Biioh  matters.  In  other  words,  it 
would  have  been  iniposstble  for  them  to  have  failed  to  notice  an 
error  wliich  matl©  the  result  either  ten  times  too  lai'ge  or  ten 
times  too  snitdl,  as  would  have  been  cauBed  b}'  misplacing  the 
jXJint  one  j^Iace,  Does  it  not  seem  likely  that  a  computer  so  im- 
familiar  with  the  suliject  as  not  to  tleteet  an  error  one  hundred 
thouBand  times  too  large  or  one  hundred  thousand  times  too 
small,  wouhl  have  been  about  as  likely,  in  making  such  calcula- 
tions in  our  system,  to  have  misUiken  cubic  inches  for  cubic  feet, 
linear  inches  for  linear  feet^  or  even  ixjunds  for  tons?  Such 
mistakes  are  not  unknown  in  our  system  of  measuring  and 
weighing,  and  such  a  mistake  would  pn>duee  a  far  le^s  noticeable 
error  than  to  misplace  a  decimal  point  six  places. 

The  author's  reference  to  the  slide  rule  in  an  argument  against 
a  decimal  system  is,  it  seems  to  uie^  unfortunate  for  him.  Slide 
rules  are  decimal;  made  so,  I  believe,  because  that  is  by  fai*  the 
more  convenient,  and  in  handling  common  fractions  by  iJieir 
aid,  it  in  necessary  first  to  convert  the  common  fraction,  into 
decimal  fractions,  and  then  at  the  finish  convert  them  back  again, 
if  the  computer  thinks  he  must  have  the  answer  in  common  frac* 
tions.  And  tiiere  are  men  who,  for  s^jme  inscrutable  reason,  seem 
to  think  that  f  Iff  is  more  intelligible  or  *'  more  easih^  grasi>od  " 
than  its  decimal  equivalents  which,  by  the  slide  rule,  I  make  to 
be  0.055. 

In  paragraph  93  of  the  pa]>er  the  author  says  that  we  hear  of  no 
call  from  ci\^l  engineers  for  a  new  eet  of  units  for  land  measure, 
and  he  gives  as  a  reason  for  this  the  poetical  exi>rossion  so  often 
quoted  in  his  pa^wr,  **  measures  of  length  are  tied  irrevcKjabl y  to  the 
past.'-  Let  me  give  what  is,  perhaps,  a  more  definite  and  practical 
reason.  All  land  measuring  is  done  by  a  strictly  decimal  sys- 
tem, A  surveyor,  during  the  performance  of  his  work,  has  ab- 
solutely nothing  to  do  with  yartls,  rods  or  acres<  He  measures 
entirely  with  a  chain  the  length  of  which  was  chosen  by  its  in- 
ventor, Gunter,  to  adajjt  it  to  decimal  com]>utations  of  areas, 
and  this  chain  is  subdivided  into  100  links,  the  object  of  this 
imrention  being  to  do  the  very  thing  that  Mr,  Halsey  declares  is 
so  undesirable  to  be  done;  -ie.,  to  nmke  all  calculations  of  land 
areas  decimal  until  the  surveyor  comes  to  the  Unal  one,  which  is 
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made  to  convert  into  acres.  And  even  here  the  fractions  of  an 
acre  are  usually,  or  at  least  often,  expressed  in  deeds  and  other 
papers  in  hunt!  red tlis  or  thousandths  of  an  acre  instead  of  in 
square  rodsj^  yaKls,  feet  and  fnu5t ions- 
After  quoting  the  opinion  of  Mr,  Linnard,  a  naval  architect 
fjf  the  Navy  r>ei>artnxent  in  favor  of  the  present  system,  Mr- 
Ilahey  saySj  in  paragraph  71  of  the  paper,  *  -  Such  testimony  cannot 
be  ignored.  It  is  worth  more  than  all  the  essays  and  djm^ri 
arguments  that  can  be  written  from  now  until  doomsday.''  I 
endorse  tliat  sentimentj  and  will  now  present  some  other  testi- 
mony of  the  same  character;  i,e.^  the  testimony  of  men  who 
have  given  tlie  matter  careful  study,  and  most  of  whom  have 
had  experience  in  the  use  of  the  metric  system  in  the  c^nstnic- 
tion  of  machinery.  Most  of  us  know  of  the  firm  of  WiUans  ife 
Kobinson,  of  Kugbyj  England,  Many  of  us  have  been  in  their 
establishment,  and  know  that  this  firm  is  not  likely  to  be  found 
pursuing  will-o'-the-wisps  or,  in  fact,  doing  anything  that  is  not 
strictly  practical.  No  metric  law  has  been  ptissed  in  England, 
uud  no  one  ever  tried  to  compel  this  firm  to  adopt  the  metric 
system.  Yet  they  have  virtually  adopted  it,  voluntarily,  and 
simply  because  they  have  found  it  advantageous  to  do  so,  and  to 
continue  in  its  use.  Their  earlier  engines  were  designed  to  the 
inch  system,  and  tools  and  fixtures  were  made  for  them.  They 
still  continue  to  laiild  those  engines  to  that  system,  but  along 
with  them  and  in  the  same  shop  they  build  other,  later  designed 
engines,  to  the  metric  system,  and  their  testimony  is  unquali- 
fietUy  in  favor  of  the  latter  system  ♦  Captain  8ankey,  who  is  a 
dii'ector  of  tho  company  named,  read  a  paper  before  the  Institute 
of  Civil  Engineers  in  1SJ)7^  in  which  ho  stated  in  effect  that  with 
the  two  systems  in  use  side  by  side  in  the  same  shop,  and  doing 
simihxr  work,  tbe  metric  system  was  much  the  better  liked,  both 
for  the  shop  and  for  the  draughting -room,  and  in  his  paper  he  went 
into  details  and  gave  the  reasons  for  tbe  preference  at  length. 

Testifying  l^efore  a  parliamentary  committee  on  this  point, 
Captain  Sankey  ^vas  asked: 

Q,  Have  you  found  any  difficulty  with  your  workmen  in  this 
respect  ? 
A.  Absolutely  none, 

Q^  Do  they  adopt  it  and  see  the  advantages  of  the  system  ? 
A.  I  should  say  so.     In  fact,  in  connection  with  my  c/^rning 
here  this  afternoon,  I  asked  four  or  five  of  our  men  privately 
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(not  through  the  works  manager)  what  they  thought  of  it,  and 
there  was  not  a  dissentient  voice  among  them.  They  all  agreed 
at  once  that  the  millimetres  were  very  much  easier  to  ivork  to 
than  the  English  m€?asiii'eraents. 

Q.  I  understand  you  I'oinid  your  men  had  not  the  slightest 
difficulty  in  adapting  themselves  almost  immediately  to  the  new 
system  ?  : 

A.  Not  after  the  first  few  days,  I  asked  that  very  question 
of  the  head  of  our  tool-room,  and  he  said  it  was  a  little  awkward 
for  a  time.  I  said,  ''Ahout  how  long?''  and  he  said^  *'Two 
days/' 

The  Ameriean  Machinist  has  not  asked  the  views  on  this  ques- 
tion of  men  who  merely  think  that  the  one  or  the  other  system 
is  the  better  for  the  machine  shop,  but  has  invited  statements  of 
experience  by  those  who,  in  machine  shops,  have  had  experience 
with  both  systems,  and  may  therefore  be  assumed  to  be  in  a 
position  to  speak  from  actual  knowledge*  At  page  135T  of  the 
current  volume,  Krnest  B.  Briggs,  who  is  connected  with  the 
Willaus  &  Robinson  tirm  at  Kugby,  has  a  commuuication  from 
which  I  quote  a  few  paragraphs  : 

Trade  is  no  longer  local ;  it  is  no  longer  nat  ional^  hut  it  is  intemationiil ;  and 
sufiply  none  recogni^x*  this  better  than  Anif*npan  iimt'hine  tool  htiilders-  With  mx 
jnterjiational  tradi*  It  beconies  imperative  to  have  an  international  gystivm  of 
weight.^  and  mrasLres*  As  tht*  netjda  of  trade  eatiJ^ed  (nannfacttirt^rs  to  fix  stand- 
ards half  a  centtirj^  flf;o,  first  for  their  local,  and  then  their  national^  tradi^^  m>  now 
^tm  flame  need  is  causing  the  movement  toward  irttemational  ^bandard^i. 


New  jiga,  gauges,  dies,  etc.,  are  required  for  the  new  enja;ities,  irreapeetivip  of  the 
standard  of  measurement,  and  theae  are,  of  eourei',  made  in  millimetres.  There  is 
no  difGculty  with  the  workman;  he  has  a  sefde  with  milllmetrps  only  on  U,  and  as 
the  drawings  are  figured  only  in  millimetreSj  he  must  use  it,  and  experience  shows 
that  in  hidf  an  hour  he  has  learned  all  he  need  learn* 

If  the  draughtsn>an  has  done  his  work  well, he  has  figured  all  work  required  to  be 
worked  to  with  small  standard  gauges  in  even  millimetres,  and  a  set  of  such  gauges 
k  obtained  and  ptaced  in  the  tool-room  or  elsewhere,  with  the  existing  gtajidard 
English  gauges. 

Ser^w  threads  ape  for  the  present  kept  the  same;  even  continental  firms  have 
not  wholly  adopted  the  metric  screw  threads;  large  numbers  use  the  Whit  worth. 
If  we  are  eoiiti*nt  to  vise  wire  and  plate  gauges  that  cannot  hvt  expressed  undi.T seven 
places  of  det'imnls,  why  stick  at  osing  Whitworth  or  Sellers  threads  on  mi*trie 
work?  It  is  worth  while  noting  that  electrieal  engineers  largely  u@t^  tlie  BriiiHh 
Association  standard  threads  for  small  work;  and  they  have  no  difficulty  in  owing 
these  screw^t — based  on  the  millimetre— for  work  ba^sed  on  the  inch  measurement. 

Elvperient^f*  has  proved  that  it  is  possilile  to  %%m^  the  metric  system  side  by  side 
with  the  English  system,  and  that  there  k  no  dlificulty  in  even  making  parts  of  one 
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standard  fit  to  partu  of  the  other  standard,  and  so  j?radualh',  bit  by  bit,  the  old 
)9eries  can  he  withdrawn  and  nonp  but  the  tnetrir  mnain  in  use.  The  at^tnal  time 
taken  in  this  transfer  pi?riod  caruiot,  of  f*<iuriso,  be  fixed;  it  depends  Uj>oa  purt^y 
lot'al  conditions;  b^it  the  shorter  the  better. 

There  T^ill  be  Utile  difficulties  cropping  up  from  time  to  time  during  the  proceM 
of  introduction,  hut  the»^  will  i^ow  less  and  li*ss  as  the  work  proiarresses,  and  manu- 
faeturera  making  compiet**  urtieles,  fiuch  as  engineSp  maehine  tools,  etp«,  need  hj^ve 
ri(^  Fear  but  what  the  rt-sult  will  Ix^  successful,  provided  the  matter  m  taken  up 
whole-hearted]  y. 

Tlie  entire  article  by  Mr.  Briggs  is  well  worth  reading,  espe- 
cially when  we  rein  ember  that  it  is  ^rritten  by  a  man  who  is  in 
the  engineering  department  of  a  works  actually  using  the  two 
sj^atenis,  and  in  this  connection  I  may  meTrtion  the  fact  that, 
when  in  Chicago  some  years  ago,  I  found  the  IL  C.  Bidloek 
Company  making  the  Willans  engines  to  the  same  drawings  as 
made  by  the  Rugby  concern.  I  asked  the  superintendent  of  the 
works  if  he  had  any  s]>ecial  difficulty  in  handling  the  work  to 
the  metric  system  there  in  Chicago,  and  he  said  they  had  none 
whatever-  At  the  same  time  in  the  same  ^hop  they  were  build- 
ing mining  machinery  to  the  inch  system  of  measurement, 

Lord  Kelvin,  whom  most  of  us  will  be  willing  to  acknowledge 
ought  to  know  something  of  measuring^  of  woigldng,  of  com- 
puting, and  of  which  is  the  best  system  for  these,  has  taken  the 
trouble  to  testify  most  emphatically  in  favor  of  the  metric  system 
before  our  own  Congressional  Committee;  and  before  a  commit* 
tee  of  the  Englisli  Tarliament  he  said,  in  sjieaking  of  this 
question: 

I  believe  that  the  difficulty  of  making  the  change  has  been  enormously  exag- 
gerated, I  believe  that  in  a  fortnight  ]>eoplp  would  beeotne  so  aceusitomt*d  to  the 
perfect  mmpUcity  and  easy  working  under  the  nietrieal  system  that  they  will  fi*el 
that  instead  of  Hs  being  a  labor  to  pass  froia  one  Hystoni  to  the  othtT,  it  will  bi* 
less  than  no  Ubor;  that  ia  to  say,  it  would  Ik;  a  very  grffiat  saving  of  labor  after  the 
first  day  or  two  of  beginning  to  use  the  metrical  system, 

Mr.  Halsey  says  in  his  paper  that  onr  foreign  customers  do  not 
care  a  )>ioayune  whether  we  adopt  tlie  sj^stem  or  not,  I  believe 
that  is  substantially  true;  but  let  ]no  quote  the  opinion  of  une 
foreigner,  bearing  upon  this  matter. 

A  committee  of  the  AmericaTi  Ilail\^*ay  Association  addressed 
a  communication  to  Mr,  L.  Weissenbruch,  secretiiry-geueral  of 
the  International  Railway  Congress  and  chief  engineer  of  the 
Belgian  State  Railways^  regarding  the  use  of  the  metric  system 
in  railv^ay  work.     Mr.  Weissenbruchj  after  describing  some  of 
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their  motile  lily  and  customg,  comniends  the  paper  of  CajitaJn 
Sankey,  which  has  already  Iieen  referred  to,  and  says  that  thig 
favorable  record  of  actnal  experience  is  better  than  all  theoreti- 
cal discussion  of  the  matter.     Finally,  he  says: 

As  sepretary-g«.mt'ral  of  the  Railway  Congreas  and  from  scientific  interest,  I  am 
happv  to  understand  that  thi*  riietrie  system  has  some  chnnce  of  bem^  adopted  in 
the  I'riited  States;  but  as  a  dti/ei)  of  fk'lginm  I  may  perhaps  wgret  it,  because  it 
would  irrpfttly  aid  the  Americans  to  compete  with  Belgian  industries  in  countries 
to  w!iich  they  export. 

Those  of  US  who  know  anything  of  the  work  of  Arthur  Bol- 
linekXj  of  Brnssels*  Belgium,  w^ill  agree  that  he  is  a  very  practi- 
cal man  and  a  very  successful  builder  of  Corliss  engines.  In  the 
Am^rmm.  JLteUffti^fy  voL  xxii.,  i>iige  137,  Mr.  BoUinckx,  in  re- 
plying to  an  article  by  Pixjfessor  Hweet,  says: 

Th*^  eeoiiomy  of  time  realixt-d  in  using  the  metrie  system  will  t*ertainly  pay  for 
the  few  aiinoyanrcs  cauaiMl  h^^  the  changes  you  will  have  to  make  in  plaj\s. 


At  Leeds,  England,  is  the  large  engineering  workshop  of 
(rreenwood  ik  Biitloy,  which  does,  and  for  many  yeai^  has  done, 
a  very  large  business  in  tlie  export  of  yarious  machines  and  tools 
to  Continental  EurojiM?.  At  the  Glasgow  Engineering  Congress 
of  1S)U1,  Mr.  Arthur  Green %vood,  of  the  firm  mentioned,  r^ad  a 
paper  strongly  advocating  the  adoption  of  the  metric  system  by 
Great  BritaiUj  basing  his  reasons  fur  such  advocacy  solely  upon 
commercial  and  other  strictly  practical  reasons*  He  expressed 
himself  as  mo^it  decidedly  of  the  opinion  that  it  would  be  a  great 
advantage  in  \m  firm\s  foreign  biiBinesSjand  gave  instances  from 
actual  experionoe*  He  testifiiHl  also  that  in  the  tool-room  of  the 
works  at  Leah  the  niettnc  caliper  gauge,  liad  been  in  use  for 
twenty- five  years,  and  was  as  familiar  as  the  inch  gaiige^  very 
little  tliRiculty  being  ex{)erieneed  by  or  with  tlie  men  in  using  it. 
In  a  Russian  engineering  works  in  wliieh  he  is  interestetlj  he  said 
both  systems  are  in  use^  and  that  little  difflcnlty  is  experienced 
in  their  joint  tise.  At  the  new  works  just  then  completed  at 
Xjeeds  for  the  manufactm'e  of  the  De  Ljival  st^ani  turbine,  the 
metric  stanihird  hail  been  adopted  in  combination  with  the  Whit- 
worth  threads.  This  seems  to  have  been  done  entirely  as  a 
matl:er  of  free  choice,  and  for  no  other  reason  than  that  it  was 
belloved  to  be  commercially  and  mechanically  lulvantageous. 

Most  of  us  know  of  Sir  Benjamin  Baker,  the  builder  of  the 
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great  Forth  bridge  in  SGotlarul, 
subject: 


He  says,  in  speaking  of  this 


I  am  equally  familiar  with  both  systems,  in  consequence  of  having  carried  out 
works  alvroiiij,  and  when  I  return  to  this  country  [EnglandJ  from  such  work  and 
experience  with  the  metric  sj'stem^  I  think  there  is  notMrig  more  ft>olLsh  in  this 
world  than  our  weight®  and  measures, 

Mr>  E.  W.  Mix  served  an  apprenticeship  with,  and  for  some 
years  afterwards  was  connected  i\ith,  the  Thomson-Houston 
Conipanj^  at  Lynn,  Massachusetts,  and  was  then  sent  to  France 
in  their  interest.  He  is  now  the  chief  engineer  of  the  establish- 
ment in  France,  which  manufactures  for  the  French  Thomson- 
Houston  Company  (the  Soa^te  des  £»taha^  Poaiel-Vina.^)^  As 
such  he  has,  of  course,  had  unusual  opportunities  for  testinof  the 
relative  merits  of  the  two  systems  in  the  construction  of  machin- 
ery. A  gentleman  who  is  prominently  connected  with  the  Pratt 
<Sr  Whituey  Co.,  of  Hartford,  Connecticut^  suggested  that  I  write 
to  Mr,  Mix  for  an  expression  of  opinion,  possibly  thinking  that 
Mr,  Mix's  opinion  would  he  lul verse  to  tlie  metric  system.  In 
reply  to  my  inquiry,  Mr,  Mix  excused  himself  from  writing  at , 
length  about  it,  on  account  of  recent  illness  and  prassure  of  work, 
but  said  he  would  be  glad  to  go  into  it  at  length  if  he  could,  for, 
to  use  his  wordsj  ^*  This  is  an  interesting  subject,  and  I  am  con- 
viuced  that  the  metric  system  presents  enormous  advantages  over 
the  system  in  use  in  the  United  States," 

A  few  years  ago  several  men  %vho  had  been  trained  exclusively 
in  American  machinery-building  establishments  went  over  to 
Berlin  to  take  various  positions  of  responsibility  with  the  firm  of 
Ludwig  Loewe  &  Co.  One  of  these  men  is  Mr»  C,  L,  Libby, 
member  of  this  Society,  a  well-known  designer  of  macliine  tools, 
and  superintendent  of  tlie  machine-tool  department  of  the  linn 
mentioned*  Mr.  Libby  is  now  located  in  Madison^  Wisconsin, 
and  writing  from  that  place  in  August  last,  after  having  closed 
his  exjjerience  of  about  three  years  with  the  metric  system  and 
gone  back,  perforce,  to  the  inch  system,  lie  says: 

As  to  the  Illative  merits  of  the  metric  and  English  syst-ems  of  measurement 
after  haidng  used  the  inetric  system  for  four  years  in  Germany,  1  must  say  that  I 
think  it  far  gupt-rior  for  both  machine  shop  and  drawmg-room. 

The  inch  b  such  a  large  unit  that  it  must  be  subdivided  in  fraftional  parts,  and 
when  the  diii>ensioP3  of  a  piece  are  given  on  a  dmwing  m  eighths,  sixteentlis, 
thirty-seconds  and  sL\ty-fourths,  it^  m  often  the  ease,  it  heeomes  ditBcuil,  for  the 
average  mechanic  ta  add  them  together  correctly,    Uu  the  other  baud,  the  milli* 
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metre  is  so  small  a  unit  that  it  is  seldom  net?ej3sar>^  to  siilxlhide  it  into  fractional 
parts.  If  it  be(!omea  necessary  to  subdivide  the  rniUimetre  it  h  always  given  in 
decimals,  and  one  i:an  multiply,  divide  or  find  the  log  without  firet  reducing  to 
its  equivalent  destumal,  m  oni>  docs  with  the  fractional  parts  of  an  inch. 

I  think  a  drawing  figmx^d  in  milUmetres  h  nmve  convenient  and  looks  much 
better  tlian  when  the  inch  and  rmctions  art*  used,  and  T  am  of  the  opjnion  that 
thert  is  less  liafjllity  to  error  on  the  part  i*f  the  draughtstnan^ 

Of  course  it  takes  i^onjt*  tinje  to  be  able  to  think  Jt>  in ilH metrics  and  get  a  dear 
idea  of  jnst  how  much  a  iiiven  meaaurw  in  millimi'tn*s  m,  without  fir^t  translating 
to  inehea.  But  after  a  tittle,  and  ahnosst  uneonaciously,  one  begins  to  think  in 
millimetPeg  without  referring  to  the  inch. 

Associated  with  Mr,  T.ibby  in  Berlin  was  Mr.  H.  B,  Bartlett, 
a  well-known  and  expert  tool-maker^  designer  and  mechanician, 
who  was  for  some  years  with  the  Linotype  Company  here,  and 
afterwards  with  the  Pratt  &  Whitney  Co-  in  their  Bniall-tool 
department.  In  Berlin  Mr*  Bartlett  was  superintendent  of  the 
small-tool  and  gauge-niaking'  department.  Bein*^  asked  for  an 
expression  of  opinion  upon  this  matter,  Mr.  Bartlett,  writing 
under  date  of  October  ISth  from  Berlinj  sa}'^: 

I  am  strongly  in  favor  of  the  metric  system  beiujsj  adopt^'d  in  our  country,  but 
diseu^on  oVQr  the  proa  and  eons  can  last  longer  than  that  on  the  resumption  of 
speeie  payment,  and  I  think  Horace  Gn3ely*B  adviLT^  on  the  latter  would  apply 
verj"  weU  in  the  present  case.  I  don*t  Kplieve.  in  riciicule  or  even  humor  as  an 
argument ;  but  when  that  becomes  necesiiary,  I  think  the  opponents  of  the  English 
sta^ndard  have  the  beat  of  it  on  their  side* 

It  seems  to  me  that  the  Irishman  who,  given  a  two-foot  rule  with  which  to 
measure  a  pit^ce  of  timber,  and  rti'ported  it  brnni?  "  n?^  lf>ng  as  that  stick  yc  ^i '  me, 
two  bricks  and  the  width  o'  me  handt  l»arrirr  rnc  thumb,''  was  getting  back 
pretty  cUjsi*  to  the  origin  of  onr  preatoit  standard,  or  laying  an  equally  good 
foundation  fiir  a  new  one. 

My  five-years*  experience  with  the  metric  iystem  here  has  increased  my  liking 
for  it ,  which  was  pretty  well  fixed  nearly  twenty  years  jigo,  after  about  two-yeam* 
cjcperience  as  a  tool -maker  in  a  New  Enghind  factury  wh*'rt*  it  wa^  the  exrlusive 
standard.  This  factory  afterward  went  back  to  the  inch,  but  with  decimal  sub- 
divisions— a  sort  of  involnntjiry  eoniplimc'iit  to  the  former  system.  T»  however, 
prefer  the  millimetre  as  a  unit  to  the  inch  in  shcjp  measonement^  in  the  eonstmc- 
tian  of  machinery-  There  m  no  apecial  diificiilty  in  leajning  it,  and  one  soon  be- 
comes accustomed  to  thinking  In  milHmetrL*s  without  translating  into  inelics  in 
order  to  form  an  idea  of  their  \ahie.  My  expc^rience  \m8  been  only  with  the  rniU 
limetrc  as  a  base  unit,  but  I  haiT?  tiilked  with  many  American  mechanics  licre 
with  experience  on  bridge  and  shipbuilding  work,  who  are  unanunoua  in  favor 
of  the  metric  standard.  One  especially,  an  elcetrical  engineer,  said,  '*J  don't 
soe  how  wc  ever  got  along  without  it]  and  my  only  regret  at  having  to  return  to 
the  Stjites  is  the  English  standiird  of  measurement  that  I  shall  have  to  take  up 
Again. 

I  don't  think  the  question  ns  to  whether  the  workman  prefers  to  work  to  the 
incli  OP  not  is  of  any  importance.     In  tlie  average  machine  shop,  all  he  has  to 
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lanow  is  how  to  count  and  what,  and  that  will  most  likely  be  miUimrtm?,  and  not 
oeetiinetn.^s  rmd  decimetres.  The  draughUuian  b  the  niau  who  would  have  the 
mo«t  ditBi?ultiea  in  learning  it,  and  to  the  avi'Tagi*  ont*  it  would  be  rvMTt^ation  of  a 
pleaaaiit  kindi  bat  I  think  the  majority  could  drop  one  and  take  up  tUt;  other  at 
once  with  no  trouble  wliatever. 

Albert  E.  Guy  was  born  in  France,  was  educatetl  and  \\rorked 
tliere  as  a  mechanical  engineer.  Now,  and  for  some  years,  he 
has  been  in  this  country,  and  is  at  present  the  chief  engineer  of 
the  Gas  Engine  and  Power  Company  at  Morris  Heights,  New 
York  City;  First  eilucated  in  the  use  of  the  metric  system,  he 
no%ir  uses  our  inch  system  in  the  designing  of  machinery  and  the 
making  of  drawings*  Bueh  a  man  ought  to  be  comi>etent  to 
express  an  opinion  as  to  the  relative  merits  of  the  two  kvs terns, 
I  asked  him  to  exjiress  such  an  opinion,  without  knowing  what  that 
opinion  might  be.  If  there  were  any  inlierent  superiority  in  the 
inch  system,  it  might  be  supposed  that  Mr,  Guy  would  by  this 
time  have  disco vr'^d  it,  but  he  has  been  unable  to  discover  any- 
thing of  the  kind;  Init,  on  tlie  contrary,  in  an  article  published 
at  piige  97  of  the  AnieriGan  Mackmigt^  currant  Tolume^  he  de- 
clares 1ms  conviction  tliat  the  metric  system  is  much  su|ierior, 
and  explains  at  length  why  he  considers  it  to  be  so.  He  gives 
instances  in  engineering  work  wherein  tlie  metric  system  saves 
much  labor  as  compared  with  the  inch  system,  and,  si>eaking 
from  an  intiimite  knowledge  of  France  and  the  customs  there, 
says  that  the  exceptions  to  the  use  of  the  metric  system  there 
are  unimportant,  and  that  even  in  towns  remote  from  the  great 
centres  of  popidation  no  other  system  is  known  than  the  metric. 

Mr.  Francis  E.  Drake^  as  most  of  us  kiiow^  was  born  and  has 
been  educated  in  the  United  States.  Accustomed  to  the  inch 
system,  so  far  as  I  know  he  bad  no  experience  in  the  metric  sys- 
tem until  he  went  to  Pai-is  previous  to  the  opening  of  the  Expo- 
sition of  190Q,  in  charge  of  the  American  machinery  exhibiti. 
Certainly  lie  was  not  prejudiced  in  favor  of  the  metric  system, 
but  his  ex|)erience  in  France,  in  installing  machinery  in  the  Paris 
Ex  position  J  as  a  member  of  one  the  Juries  of  Awards  in  the 
machinery  class,  and  aftei^wiirtl  in  reorganising  one  of  tiie  most 
iniportiint  oiectrical  industrial  esUdilishnients  in  Germany,  has 
convinced  him  of  tlie  aui>eriority  of  the  metric  system  from  a 
business  standpoint,  Mr,  Drake  professing  to  be  a  business  man 
rather  than  an  engineer.  It  happened  that  the  electrical  estab 
lishment  in  Berlin  which  he  was  called  upon  to  reorganize  was 
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iHiikJing  electrical  machinery  to  botli  the  EngUsh  and  the  metric 
system.  This  was  tloiie  iu  tbo  same  shop,  hy  the  same  draughts- 
men and  the  same  workmen.  lie  states  that  the  draughtsmen  and 
workmen,  wliether  trained  originally  in  one  system  or  the  otherj 
almost  iirjiformly  pi-eferred  the  metric  systeui,  and  that  the  work 
did  not  cost  more  with  one  system  than  the  other,  the  fact  Iming 
that  the  men  received  the  same  piece- work  price  for  a  given  joh, 
wlietlier  it  were  made  to  the  nietrie  or  to  the  English  system^ 
and  the  total  cost  of  the  work,  ae  shown  hy  careful  I'eeoitls,  was 
the  Siime,  no  matter  which  system  was  used.  As  a  result  of  Mr- 
Drake's  ex|)erience  in  conducting  husiness  w4th  men  located 
in  all  parts  of  Europe,  and  of  his  devotion  to  the  interests  of 
American  manufactiirers,  he  declares  himself  as  being  strongly 
in  favor  of  the  metric  system  for  purely  commemial  reasouSj  and 
closes  his  aiticle  in  the  following  language: 

Lociking  at  the  fiDaui-iHl  ri^ults,  can  wt;  always  H^Tord  to  force  upon  a  man  a  gaek 
coat  when  lit?  wan  tdi  a  f roc  k  ? 


I  resfiect fully  submit  that  such  testimony  is  not  to  he  despised, 
and  that  it  is  not  safe  for  us  to  disregard  it  any  more  tlian  it  is 
snfe  for  us  to  disi'egaitl  the  claims  made  for  the  turbine  engine, 
or  a  new  turret  laClie^  or  a  new  system  of  paying  wages  to  shop 
men,  American  manufacturers  do  not  want  to  1>e  protecte<l 
fn>m  new  things  }>ecause  tliey  are  nevv^  Vmt  they  want  to  be  put 
in  po^ses^ion  of  all  the  facts  and  arguments  on  both  sides,  and 
they  want  to  adopt  and  use  those  things  which  will  place  them 
on  the  most  advantageous  footing  in  thehr  competition  with  the 
world* 

I  yield  to  no  one  in  |x>int  of  interest  in  American  machine 
shops  and  their  continued  prosperity.  1  desire  that  as  sincerely, 
I  believe,  as  does  the  author  of  the  paper^  or  iinr  other  opponent 
of  the  metric  system.  In  fact,  I  do  not  stand  here  as  a  thick 
and  thin  ndrocate  of  the  metric  system.  I  frankly  confess  that 
there  are  strong  argntnents  against  it,  especially  to  its  enforced 
introduction  into  our  American  machine  shops;  but  at  the  same 
time  it  swnis  to  me  that  the  t^vidence  1  have  prcsente+1,  and 
much  more  tliat  might  be  presented,  indicates  that  at  least  there 
must  be  some  rery  strong  alignments  in  favor  of  the  system,  and 
that  in  aetmd  use  in  the  construction  of  machinery  it  must  possess 
some  important  advantages  Mliich  miike  it  commend  itself  so 
strongly  to  men  whose  earlier  education  and  experience  has  been 
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such  as  to  tend  to  i>rejudice  them  agaiast  it — advantages  which, 
if  it  really  does  possess  them^  we  as  a  manufacturing  nation  can* 
not  afford  to  neg]<3Ct, 

As  to  what  Mr.  HaJsey  saj^s  about  the  value  of  standards  of 
lengthj  we  all,  of  course,  agree  with  that,  and  probably  most 
of  us  ai>preciate  it  as  well  as  any  one  can;  l*ut  I  do  not  believe 
that  the  bill  now  before  Congress,  nor  any  bill  that  can  possibly 
be  formulated  or  enacted,  can  jK)ssib]y  cause  our  American 
miichine  shops  to  throw  away  their  costly  special  fixtures,  gauges, 
etc.  My  belief  is  that  a  full  compliance  with  the  pending  hiw 
will  be  secured  when  a  machine  builder  simply  goes  on  inanufac- 
taring  his  machines  as  he  does  now,  and  with  precisely  the  same 
taps,  dies,  jig,  reiimers,  and  all  other  tools  and  fixtures;  but 
when  a  department  of  the  Government  wants  a  machine  he  will 
probably  l>e  required  to  state  all  the  dimensions  given  in  the 
specifications  in  millimetres,  I  can  see  no  great  haixlsbip  in 
that,  A  clerk  or  a  ilraughtsnum  with  a  conversion  table  and  a 
pencil  can  do  it  for  any  nuichine  in  a  very  short  time,  marking 
the  metric  dimensions  u|K>n  a  blue  print  if  reqiiirett;  and  what- 
ever added  cost  of  tbe  machine  may  be  cause<l  by  this  will  be 
imposed  upon  all  (bidders  alike,  and  will  inevitably  be  shown  in 
tbe  bids.  In  other  words,  if  the  macbines  cost  materially  more 
— which  I  cannot  see  that  they  will— the  Government  will  have 
to  pay  the  achled  cost*  And  in  this  connection  it  should  be  re- 
mem  bere<l  tliat  tbe  fact  tbat  metric  and  inch  dimensions  are  not 
reducible  to  pinacise  equivalents  is  of  no  importtince,  because 
ilimensions  of  machines  as  given  in  specifications  are  not  expected 
to  be  exfict,  but  only  apjiroximate,  A  man  specifies  that  the 
main  bearing  of  his  lathe  or  milling  machine  is  3f  inches  diam- 
eter, and  then  be  grinds  it  to  some  other  diiimoter,  usually  a 
little  smaller  to  fdlow  for  lubrication;  the  allowance  varying 
mth  different  builders  and  with  different  circumstances.  In 
other  words,  the  figures  of  dijnensions  given  in  specifications  of 
machinery  are  understood  to  be  approximate  except  in  compara- 
tively rare  cases^  in  which  rare  cases  the  string  of  decimal  figures 
can  be  carriefl  out  to  give  any  degree  of  precision  tbat  a  Govern- 
ment engineer  may  fancy  to  be  necessary,  anil  he,  with  his  gauges, 
ivill  never  discover  the  difference,  nor  be  able  to  do  so. 

I  do  not  believe  that  any  machine  builder  will  throw  away 
any  tools  or  fixtures  on  account  of  this  proposed  law.  He  will 
wear  them  out  building  machines,  ^some  of  which  machines  may 
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go  into  the  GoYemment  shops  just  as  they  do  now.     But  when 

he  comes  to  designing  an  entirely  ne\Y  machine,  he  will,  Lf  he 
feels  inclinetl  to  do  so,  design  it  to  the  metric  s^^stem;  and  1  liave 
presented  testimony  from  those  h  hose  experience  ought  to  enable 
them  to  know  all  about  it,  to  the  effect  that  the  draughtsmen  and 
the  men  in  the  shop  will  not  be  bothered  or  j)erpleKed  by  that, 
but,  on  the  contrary^  will  care  little  about  it,  or  will  be  plcasetl 
with  the  change  and  find  it  ad\*antageous  in  their  work* 

The  Society *8  committee  has  expressed  its  opinion  that  the 
pending  bill  is  intended  to  compel  us  all  to  use  nothing  else  but 
metric  measurements  and  weights.  The  author  of  the  paper 
before  us  takes,  I  believe,  the  same  position.  Now,  I  would 
much  rather  take  the  opinion  of  any  one  of  these  gentlemen  upon 
an  engineering  or  meclianical  question  than  to  take  the  opinion 
of  the  Attorney-General  of  the  United  States  ujjon  such  ii  mat- 
ter, and  by  the  same  token  I  hope  I  will  be  pardoned  if  I  express 
Tery  much  more  confidence  in  the  opinion  of  the  Attorney- 
General  upon  a  matter  of  law  or  the  interpi-etation  of  law  than 
I  could  have  in  the  opinion  of  any  member  of  the  committee  or 
the  author  of  the  paper.  Attoruey-Geneml  Iviiox  has  been  for 
many  years  receiving  high  fees  from  very  large  industrial  and 
other  corporations  for  his  opinions  upon  matters  of  law.  It  has 
been  very  important  to  him  and  to  others  that  he  should  be  able 
to  understand  the  meaning  of  a  law  or  of  a  proposed  law.  He 
has  expressed  an  oi>inion  upon  this  law,  from  which  I  quote  as 
follows: 

The  purpose  and  effect  of  each  of  thi^se  billi  is  to  i?etabllsb  the  metric  sj^Htem  m 
the  legal  atttndard  of  weig:ht»  and  tnf*a!Hir«*s  in  thv^  VmUn]  HiMeB,  and  ta  require  all 
povemment  department!*  to  use  only  that  systjern,  i-xccpt  ni  PompleLing  tlie  survey 
of  the  public  Janda-  This  corners  far  short  of  attempt  irig  to  compel  the*  pi^ople  to 
use  only  that  i^yistem^  or  prt^h  I  luting  iu  them  ttie  usl-  of  any  other,  or  tiiaking 
invalid  contriiot^  expn^KFiRrd  in  otlK!r  tem^a.  Indeed^  ik<*  each  bill  prohibits  to  the 
ilepartmcnts  th**  use  of  nny  other  styatcui^  by  a  familiar  rule  of  con^tructiou  this 
will  be  taken  as  the  only  priiliibition  inii^nded,  and  it  will  end  there. 

But  a  negative  answer  to  your  tnjestion  *looa  not,  depend  upi>n  a  mere  nile  o£ 
interpretation,  but  is  based  upon  Tniieli  hnjader  Kroundjs.  The  result  referred  to — 
the  nif^king  eoidriifts  illegal  for  this  cause — can  Ih*  a/'complis^hed,  if  at  all,  only  by 
clear  provimtm  to  that  effert^  and  there  is  nothing;  of  that  kind  in  either  of  thei?e 
bills»  whii  h,  as  U*  thin,  merely  declarei?  that  a  syst^^m  different  from  that  mtw  m 
common  UBt*  ahalJ  be  tht^  legal  standard.  Thia  by  no  means  declares  that  no 
otheT  s>T5tem  shall  lx>  legal  or  Ije  useil.  It  h  Ivolh  elementary  and  fundamerital 
that  a  tiling  whicli  is  kgal  and  innocent  in  Itaelt  is  not  maiie  otherwise  by  njakiiig 
something  else,  even  it»3  oppoftit*:^,  legal,  unlesa,  indeed,  there  be  suc?h  incompati- 
bility that  they  cannot  cocscbt.     Uur  preaent  system  haa  been  always  and  is  juBt 
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fjts  much  the  legal  ^ndard  of  weights  and  measures  m  if  it  had  been  so  declared 
by  statutes  in  th^?  very  language  of  these  bills;  and  yet  there  has  never  been  a 
time  when  a  eontract  expressed  aa  to  weight  or  measure  in  the  trc^rms  of  the  metric 
or  other  system  Wijuld  not  have  been  just  as  valid  as  if  expre.ssed  in  the  ternia 
in  common  use.  And  so  it  would  be  under  either  of  thesi*  bills — just  as  the  par- 
ties may  expn'ss  themaetveB  in  any  lani^itge  tbey  cliixtse,  so  they  may  dim^- 
nate  weight  and  measure  in  any  languor  or  by  any  system  that  exprf^ssf^s  their 
meaning. 

The  termSt  figures  and  characters  in  cotiimon  and  ahnoj^t  imiversal  use*  m  out 
system  of  weiglil.s  and  meai^ures  art"  just  a«  iiui('!i  partJ*  of  the  Englisii  language  as 
is  auy  other  portion  of  that  language,  and  U>  forbitl  to  the  jieoplt*  their  use  would 
Teciulr*'  sm  t  learan  expression  of  the  legialaiive  will  as  it  would  to  forliid  the  use  of 
tliat  lan^uape  in  other  matters^  even  if  that  would  be  efifeeth'e*  It  may  well  be 
doubted  if  it  would  be  within  the  com]>eteney  of  Congress  to  forbid  to  the  f>eople, 
for  tills  or  for  amy  other  legitimate  purpose,  tlie  use  of  this  or  any  other  portion  of 
the  language  in  which  cmr  Constitution,  our  laws  and  our  litx^rature  are  written 
and  in  which  we  oralh^ express  our  thoughts  and  feelings.  Bui  however  this  may 
be,  it  Is  certain  that  nothing  of  thi*s  kind  is  done  by  the  adoptiim  as  the  legal  stand- 
ard of  a  system  of  weights  and  measures  differtrnt  from  that  now  in  vogue ^  and 
which,  sn  far  as  thi'  jwopl^  art*  conccrricd,  mer^^ly  adi^pts  the  metric  s>T5tem  aa  the 
legal  standard  and  launehcg  it  Uiuler  government  auspices  and  recommendation 
without,  any  attempt  to  rotn|iid  Its  use  by  the  pulilie  at  large.  And  speeificAliy 
leplyiug  to  your  general  qiKstion^  I  am  of  opinion  that  neither  of  the  billa  referred 
tOj  if  enacted  into  law,  would  at  all  aifect  the?  kgahty  or  validity  of  any  contract 
thereafter  made  because  expressing  its  stipulations  as  to  weight  or  measure  in 
teniis  other  than  those  of  tlie  metric  ^j^gt^m. 


Respectfully, 

(Higned) 


T.  a  Knox, 
Attomey-GeneTal. 


I 


The  Society  has  a  committeo  which  was  appointed  for  the 
avowed  purpose  of  gathering  materia.]  with  which  to  oppose  the 
metric  system,  I  siig^jest  that  it  would  be  better  to  have  a  com- 
mittee apjiointed  for  the  purpose  of  investigating  the  subject  on 
both  sides  in  a  truly  scientific  way,  and  reporting, 

J//%  7^.  A,  Ihthrif. — With  the  single  exception  of  the  Franklin 
Institute,  I  know  of  no  case  in  which  a  vote  on  thiti  subject  by 
any  society  has  been  prece^led  by  an  incpiiry  worthy  of  the  name, 
and  of  the  Fmnklin  Lnstitute  committee  but  a  small  minority  are 
mechanical  men.  I  shall  have  more  respect  for  the  votes  of  civil 
engineering  societies  when  they  include  their  own  units  among 
those  which  they  vote  should  be  changed, 

"  The  confusion  m  the  textile  industries  of  Eurojie  results  from 
the  fact  that  they  do  not  use  the  metric  system/'  I  have  shown 
that  this  change  is  a  matter  of  such  dithctilty  that  it  'm  not  yet 
complete  even  in  France,  and  that  the  French  people  are  still  in 
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the  Gonf  usioQ  of  the  transition  period.    Mr.  Miller  thiaks  he  can 

dismiss  this  by  his  potat-oes  and  salt  story,  but  few  will  agree 
with  him.  It  is  ditRcult  to  believe  that  this  was  expected  to  be 
taken  seriously,  as  it  is  imjiossible  to  believe  that  the  reference  to 
the  slide  rule  was  expectai  to  be  so  taken.  The  slide  rule  must 
be  divided  in  accordance  nith  our  system  of  notation.  So  long  as 
that  system  is  ba,»ed  on  10,  it  is  impossible  for  general  purfXJses 
to  msike,  or  to  use  it  if  ma<Ie,  with  a  slide  rule  divided  other  than 
decimally*  Wem  our  notation  based  on  9,  11  or  13,  the  slide 
rule  would  of  necessity  be  divided  accordinglyj  and  it  would  fur- 
nish just  iis  good  and  just  as  worthless  an  illustration  of  the  merits 
of  tliose  num  tiers  as  bases  of  notation  that  it  now  furnishes  of  10* 

Tiie  [Kfrsistenc43  of  old  units  *'seeTns  to  show  simply  that  there 
has  been  no  compulsion.  ■-  This  is  typical  metric  logic.  Mr. 
Miller  miglit  as  weU  say  that  l.>ecause  crime  exists,  therefore  there 
are  no  laws  against  crime.  Of  coui'se  the  facts  are  that  the  com- 
pulsory metric  laws  exists  but  that  they  are  to  a  large  degree 
ineffective,  l>eeause  the  |ieo]>le  will  not  have  the  system. 

Mr.  Miller  passes  over  the  destruction  of  mechanical  standartls 
''to  lie  considered  by  others";  but  others,  apparently ^  have 
pibBsed  the  subject  over  to  him,  for  no  one  has  discussed  it.  This 
is  the  emx  of  the  whole  matter.  Until  someone  has  answered 
my  argument  that  the  retireTuent  of  the  inch  involves  the  aban- 
donment of  all  standartls  bas(^l  on  tlie  inch,  this  paper  is  unan- 
swereil  and  untouched.  Mr.  Miller's  ^*  I  do  not  believe  any  snch 
thing/-  ihies  not  count.  He,  of  all  men,  is  the  one  from  whom 
we  have  a  riglit  to  ex]jeot  a  defense  of  this  position,  but,  like  all 
the  rt5St,  lie  fails  to  give  it. 

The  tank  of  wat>er  illustration  is  '"  typical,"  It  is  nothing  of 
the  kind.  The  fact  that  the  metric  unit  of  weight  is  that  of  a 
unit  of  volume  of  water  intrtxluces  simplicity  into  calculations 
relating  to  the  volume  and  weight  of  ^vater,  that  exists  with  no 
other  substance,  Mr,  Miller  thinks  that  calculating  the  weight 
of  a  tank  of  water  and  the  cnst  ciilculations  of  the  textile  industry 
(measured  by  its  nuudjer  of  employees  the  largest  single  industry 
we  have)  e*{ually  contemptible,  but  few,  I  thinkj  will  agree  with 
him. 

What  right  has  Mr,  Miller  to  throw  doubts  on  the  ability  of 
the  draugbtsiueu  employed  by  Mr.  Hess  ?  He  thinks  them  incom- 
petent  because  he  would  like  to  have  them  inoompetent.  Mr* 
MmH  knmon  the  men. 


mt 


THE  METRIC  SYSTEM. 


*'  Land  measures  are  not  to  be  chaTig;ed  because  they  are  divided 
decimally^''  wbicii  is  a  tacit  admission  that  dividing  our  other 
units  decimally  would  place  them  ii]>on  an  equdity  with  the 
metric  units.  As  will  be  seen  presently,  this  is  exactly  the  con- 
clusion to  which,  after  ten-yeai^'  ex|>erience,  the  superintendent 
of  the  ^Fillaus  &  Ho  bin  son  works  has  come. 

TheiH3  is  nothing  in  this  paper  which  opix)ses  the  use  of  deci- 
mals for  the  purposes  to  which  they  are  adapted.  The  metric 
advocates  labor  under  the  curious  hallucination  that  their  system 
has  acqiiiit^d  an  exclusive  right  to  their  use,  and  that  one  who 
uses  decimals  in  any  way  whatever  confuses  the  superiority 
of  the  metric  system.  Decimals  were  invented  long  before  th© 
origin  of  the  metric  system,  and  may  be  used  with  perfect  con- 
sistency in  connection  vf ith  English  units.  The  basic  idea  of  the 
metric  system  is  that  no  other  divisions  shall  be  used,  and  the 
metric  advocates  are  therefore  logically  estoppecl  frojn  using 
other  divisio!is. 

Referring  to  Mr,  Miller's  letters  from  those  wdio  have  used  the 
system  and  **like ''  it,  they  are  chiefly  rem^irkable  for  their  failure 
to  show  why  they  like  it — that  is,  for  failure  to  show  what  is  to 
be  gained  by  the  change.  Mr.  Libby  prefers  the  millimetre  to 
the  incji  because  of  its  si^e;  Mr,  Bollinckx  refers  to  a  saving  of 
time  (]>resumably  in  calculation);  and  Mr*  Miller  says  that  some 
of  his  anthoritiesj  Mr.  Greenwood,  for  example,  have  given  rea- 
sons for  their  preference  elsewhere,  but  nut  in  anything  quoted 
here.  Is  it  not  remarkable  how  the  metric  advocates,  when 
pressed  for  the  reasons  for  the  faith  that  is  in  them,  fail  to  give 
anytliing  tangible?  Even  Mr.  Miller  recognizes  this  deficiency 
in  saying,  ''It  seems  to  me  that  the  evidence  I  have  presented, 
and  much  more  that  might  be  presented,  indicates  that  at  least 
there  must  be  some  very  strong  arguments  in  favor  of  the  sys- 
tem.*' If  I  were  to  appeal  to  a  lot  of  people  w^ho  preferred  the 
English  system,  without  saying  whyj  and  concluded  by  saying, 
*  *  It  seems  to  me  there  ^tnust  be  some  very  strong  argnments, 
etc.,'"  Mr.  Miller  would  be  the  last  one  to  accept  such  testimony 
as  having  any  value,  and  so  I  must  decline  to  place  any  value 
upon  it.     It  seems  to  me  time  tliat  the  reasons  were  forthcoming. 

The  prominent  point  of  these  letters  relates  to  the  fact  that 
the  workmen  readilj^  learn  the  use  of  the  system.  Nowhere  in 
this  paper  is  there  a  word  to  indicate  that  I  doubt  this,  and  hence 
all  these  citations  answer  uothing.     In  point  of  fact,  I  do  not 
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doubt  it.  I  have  evidence  to  show  that  metric  mechanical  j  ndgment 
reg^arding  sizes  of  parts  from  the  designer's  standpoint  is  a  mat- 
ter of  slow  growth;  but  given  the  metric  scales  and  tools  I  have 
no  doubt  tliat  the  workmen  in  the  shop  ivoiikl  soon  use  them 
with  perfect  facility.  Those  who  imagine  this  to  be  the  chief 
difficulty  show  how  little  they  comprehend  the  subject. 

80  far  as  the  experiences  of  WiJlans  &  Robinson  *ind  of  Green- 
wood &  Batley  go,  it  is  to  be  noted  that  in  neither  case  is  the 
cliangc  complete  nor  the  end  in  sight,  and  the  exix^ricnee  of 
neither  shows  how  national  standards  ai^e  to  be  preserved.  In 
the  case  of  the  former  firmj  with  a  hbw  industry  having  very 
little  liistory  behind  it  wlien  the  change  was  ontere<l  npon,  and 
with  a  ilcctared  policy  of  change,  ten  years  of  effort  still  finds 
the  old  system  in  large  use,  What  light  iloes  this  shed  upon  the 
length  of  time  require^l  for  a  general  change  by  this  country, 
with  the  indifTereuce  of  the  public  and  the  dii-ect  i^emsumce  of 
many  interests?  What  light  does  it  shed  on  the  chij)per  assur- 
ance of  the  metric  advocates  at  the  Washington  hearings  that 
this  country  could  make  the  change  in  from  three  to  five  years? 
These  citations  simply  show  the  fatal  ease  with  which  the  change 
may  be  begun. 

Reganling  Mr,  Guy's  experience,  it  is  sufficient  to  say  that  he 
left  Franco  when  eighteen  years  of  age.  Xnt  many  of  us  have 
an  iTitimate  knowledge  of  the  internal  administration  of  many 
lines  of  industry  at  that  age,  and  I  must  doubt  if  Mr.  Guy's  ex- 
perience was  materially  dilTei-ent  from  others  in  that  ri*spect. 
The  evidence  reganling  the  persistence  of  old  units  in  Fra.nce  is 
overwhelming. 

So  far  as  these  favorable  opinions  go,  we  have  in  this  paper 
the  unfavorable  opinions  of  Mr.  Hess,  Mr*  Eenct  and  Mr,  Ball, 
whose  opportunities  for  fonning  conclusions  are  as  goml  as  those 
of  Mr,  Miller's  correspondents.  Note  that  Mr,  Ben^t  is  a 
Frenchman;  antl  the  following  is  fn>m  another  native  of  France 
—Mr*  H.  L.  Des  Angos*  su[>erintendent  of  the  floating  ecpiip- 
n;«:"nt  of  the  I^ong  Island  Kailroad: 

My  exjif^riencc  with  the  rjit'trir  f<yi*timi  dat^^d  from  party  cIiildhfM3<i  and  first 
>*rhw»l  traiiiiiifi,  when  1  had  a.  thorough  knowledge  of  it,  ,  .  ,  A  change 
ffoni  the  present  sy!5t<^m  of  meaaurenientSf  in  my  mind,  would  ^*ork  ^r^^it  hardship 
on  the  gt^ncfiil  run  of  cngmeers* 

In  the  reply  to  Mr,  C'hristie  will  be  found  the  opinions  of  a 
yrimp  of  men  who  have  had  verj  unusual  opportunities  for  ac- 
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quiring  familiarity  with  both  systems,  and  who  have  been  unablo 
to  discover  the  great  advantages  which  Mr.  Miller  tliiriks  must 
exist,  but  which  he  is  unable  to  point  out. 

Finally,  the  siii>erinteiident  of  the  works  of  Willans  &  Bohin- 
son,  Mr.  J.  E.  Shore,  writes  as  the  result  of  ten  years  of  experi- 
ence with  the  two  systems: 

Broadly'  Rp/aking,  I  di>  nnt  8i*i»  any  ad\  antage  arising  to  the  shops  from  the  use 
of  metric  nieiusurr^jncuyi  if  the  Englbh  inch  bt?  divided  into  tt^nlhs. 

Like  all  the  others,  Mr.  Miller  defends  the  proposed  law  by 
showiug  how  little  it  will  do;  aiidj  again,  like  all  the  others,  he 
ignores  the  fact  that  compelling  its  use  l>y  the  government  de- 
partments compels  its  use  by  tliose  who  deal  with  the  depart- 
ments, losing  the  system  in  specification  figures  as  described 
by  Mr,  Miller,  and  then  calling  this  the  adoption  of  the  metric 
system^  ajipears  t^  me  the  most  screaming  of  farcer.  What  will 
such  a  course  accomplish? 

Of  course  Mr.  Miller  is  entirely  mistaken  in  thinking  that  I 
regard  tins  bill  as  compulsory  in  ti^ansactions  other  than  with 
the  government* 

Jff\  C,  «/,  H.  Woodlmrf/. — The  convenience  of  unity  in  a  sys- 
tem of  weights  and  measures  is  such  tliat  it  may  be  considereil 
axiomatic  that  it  would  be  preferable  if  other  things  were  equal. 
The  {change  from  one  system  to  anotlier  would  l^e  undoubtedly 
burdensome  in  many  particulars,  but  |>erhaps  not  more  so  than 
Inis.  been  the  case  in  those  countries  which  have  adapted  the 
metric  system.  The  permissive  use  of  the  metric  system  under 
the  present  United  States  law  allows  those  who  prefer,  to  make 
use  of  it,  and  if  its  merits  are  greater  than  those  in  existence,  it 
will  iu  time  prevail;  but  I  have  failed  to  receive  information  of 
any  existing  emergencies  which  require  legislation  of  compuls?ory 
nature  to  force  the  change,  and  believe  that  such  action  would 
not  bo  desirable  until  the  metric  system  was  the  controlhng  one* 
I  do  not  believe  that  the  metric  system  is  any  more  of  an  hupedi* 
raent  to  commerce  than  the  different  money  standartls  preyailing 
in  varions  countries. 

There  is,  how^everj  an  opportunity  for  a  unification  of  stand- 
ards for  textiles,  which  can  be  adopted  without  hardship,  and 
at  the  siime  time  render  a  great  convenience  in  the  manufacture 
of  textiles,  particularly  as  at  the  present  time  many  of  the  fabrics 
are  comixjsed  of  mixed  material*    The  systems  of  yarn  number- 
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ing  vary  with  the  textile  materials,  and  the  tliffercTice  in  the 
basis  renders  the  use  of  these  variable  niethotls  of  Tiiinilierinff 
yarn  confusing  to  anyone  enga.gecl  in  weaving  who  is  obhgod  to 
purcliaBe  the  yarns  of  the  material  which  they  do  not  manu- 
factnre. 

An  International  Congress  on  the  Unification  of  Yarn  Num- 
bering was  hold  in  connection  with  the  International  Exposition 
at  Paris^  on  September  3  and  4,  1J>00,  and  has  rosulted  in  the 
formation  of  a  permanent  bureiiUj  of  which  M,  Panl  Flenr)^, 
0  rue  d'Uges,  Paris,  m  general  secretary.  The  proj>osed  system 
for  numl>eri ng  the  yarns  of  all  fibres,  exee]>ting  ra*lefl  silk,  is 
that  one  metre  of  the  yarn  would  sv*eigh  one  gramme,  and  this 
conld  be  changed  to  English  cotton  equivalents  by  mnlti|>lying 
tho  International  numbering  by  ,59;  or,  on  the  other  hand,  the 
International  standard  could  bo  changed  to  the  Engh'sh  cotton 
standard  l>y  multiplying  the  English  nmidiering  by  1,G9,  TV  bile 
the  results  of  this  conference  were  ultimately  atlopted  by  textile 
mamifacturers  in  Eurojw,  the  opposition  of  English  manufac- 
turers prevcnteti  tho  unanimous  ado])tion  of  the  pn:>]x>sed  Inter- 
national standard »  although  many  English  trade  organizations 
have  gone  on  record  as  favoring  the  same,  and  the  present 
organization  proposes  to  bring  this  up  as  a  matter  of  diplomacy 
l>etween  the  various  cotton  manufacturing  countries. 

The  difficulties  in  the  way  of  the  adoption  of  such  an  Inter- 
national Htandartl  are  not  as  serious  as  those  of  other  weights 
and  measures,  because  the  limitations  of  the  character  of  lib  res 
remler  textile  numbering  an  appTOximate  line  of  manufactui-e,  as 
the  nundjei*s  of  yarn  change^  not  merely  with  the  varying  char- 
acteristics of  tho  fibre  which  is  l>eing  spun,  but  also  either  the 
drying  or  alxsorption  of  moisture  from  the  air;  and  it  is  a  well- 
known  fact  that  yarns  that  are  on  sale  are  bi*f>ugbt  to  the  exact 
luunber  by  drying  or  by  storage  in  damp  cellars.  In  manufac- 
turing companiesj  if  a  mill  wishefl  to  spin  No.  (JO  on  Euglish 
standanl,  this  would  \m  the  equivalent  of  102  on  the  Inter^ 
national  standai'd. 

The  rej>ort  of  this  (Congress  was  translatetl  for  the  New  Eng- 
hiiul  Cotton  Manufacturer'  Association,  and  is  contained  in 
vol.  Ixx,  of  the  Tmnmi'tions^  beginning  on  p<ige  257, 

Mr.  ir,  TF.  Cro^-f/f/. — Mr,  Ilalsoy  devotes  con^idenible  attention 
to  the  textile  industries,  tho  suhject-inatter  being  suppliml  from 
an  outside  source.     This  Society,  while  interested  in  all  engi- 
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neering  subjects,  cannot  go  into  tlie  detail  of  measuring  yarns 
and  fabrics  with  such  interest  as  \70ukl  the  New  England  t'otton 
Manufacturers''  Association  or  the  Kational  Association  of  Wool 
Manufacturers;  but  as  the  subject  is  introduced,  it  is  not  alto- 
gether out  of  place  to  bring  in  some  side  lights. 

The  writer  lias  been  connected  with  the  Lowell  Textile  School 
at  Lowell  J  Massachusetts^  for  nearly  six  yearsj  as  instructor  and 
principal,  and  has  had  intimate  connection  with  many  mills  and 
manufacturers  during  that  time*  Tlie  prol>lemB  connected  with 
the  textile  industries  have  been  stndied  at  clos<i  range  by  a  corps 
of  instructoi's  who  are  specialists,  each  in  his  line,  not  merely 
from  a  theoretical  standpoint,  but  f iH:)ni  that  of  actual  practice, 
and  mill  experience  as  well;  nor  hiis  that  experience  been  drawn 
from  an  isolated  locality,  but  from  north  and  south,  from  our 
side  of  the  Atlantic  and  across  the  water.  The  scliool  is  pro- 
vided with  a  complete  outfit  of  luachinery  for  cleaning  the  fibre, 
spinning  the  yarn,  weaving,  dyeing  and  iinishing  the  fabric;  the 
work  hitherto  has  been  carrietl  on  in  rented  quarters,  but  we  are 
now  moving  to  a  plant  of  our  own,  embracing  eight  acres  of 
land  and  over  9i^,(ino  feet  of  floor  space.  The  development  of 
the  courses  of  study  to  keep  pace  with  all  this  material  growth 
has  necessitated  the  most  careful  scrutiny,  that  the  conipcment 
parts  should  be  sound,  and  that  no  energy  should  be  wasted,  but 
that  all  should  tend  toward  the  accomplishment  of  the  greatest 
amount  in  the  shortest  time,  No  one  detail  has  stood  out  more 
prominently  than  the  incongruity  of  measurements,  and  the 
amount  of  time  siJent  in  dreary  transformations  of  units;  for 
instance: 

Ho.  1  rotton  yam  contains  S40  yaniB  per  fiound 
No,  I  worsted   ''  "    m)      "      ''        " 


if  on  the  run  system,  300  yards  if  on  the  cut  system- 

Then  there  are  grain  systems,  dram  systems,  and  many  others; 
but  I  name  only  these  now^  for  I  shall  quote  later  an  article  with 
all  these  details  in  full.  It  is  not  difficult  to  see,  however,  if  you 
wish  to  use  a  worsted  face  with  woollea  backing  and  perhaps  cot- 
ton binders,  that  there  is  a  waste  of  time  in  reducing  tlie  units 
to  a  common  denominatorj  and  a  much  increased  opportunity  for 
mistakes  to  enter  and  errors  to  be  made. 
When  all  questions  of  antipathy  and  personal  temporary  incon- 
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venieEce  are  left  out  of  account^  and  the  tnie  engineering  side  of 
the  case  taken  uj),  there  is  never  any  hesitancy  in  discarding  the 
indirect  J  complicatcii  and  possiljly  ambiguous  method  for  that 
which  arrives  at  a  residt  in  a  clean-cut,  if  novel,  method,  though 
the  latter  may  necessitate  at  the  outset  some  extra  mental  stimu- 
lus; no  manufacturer  hesitates  to  throw  into  the  scrap  heai>  an 
otherwise  good  machine,  when  one  wlneli  is  capable  of  better 
work  comes  into  the  market  and  can  show  a  greater  return  on 
the  investment. 

Whatever  the  experience  of  other  nations  in  endeavoring  to 
emerge  from  the  dark  ages  of  nncertaia  measures^  the  fact  re- 
mains that  thei-e  weis  a  situation  which  for  them  was  badj  and 
they  sought  relief.  If  we  can  learn  lessons  from  their  experi- 
ence, well  and  good;  but  we  surely  cannot  allow  our  eyes  to  be 
blinded  to  the  main  issue  by  any  fog  of  **  hodgepodgeisms  "  due 
to  attem]>ts  to  correct  a  part  of  aa  evil  without  the  power  to 
make  the  movement  complete,  lly  this  I  meiin  that  the  best 
sort  of  an  argument  for  the  uni(ication  of  yarn  nmubers  is  found 
in  the  quotation  from  the  Tt^Miie  World  article  ((^ctot)erj  11N>2), 
Ijwhere  it  starts  out  by  saying  that  the  i-aw  material  was  pur- 
based  by  iht'  EnyliHh  pound.  The  trade  in  Gemiany  iieedeil 
the  English  yai-nSj  and  had  to  take  them  as  furnished  in  English 
counts;  the  intermediate  calculations  were  made  metricidlyi^  and 
there  was  excellent  opi>ortunity  for  a  confusion  of  units  in  the 
calculations.  The  (juotation  from  the  Lowell  Te^de  Journal  to 
follow  will  show  how  ridicidonKly  simple  ail  ordinary  calcula- 
tions for  fabrics  become  when  made  consistently  metrically* 
The  Germans  attempted  to  move  a  part  without  being  able  to 
move  the  whole  of  their  system;  for  the  English,  who  made  the 
yarns,  were  not  easily  stirred.  But  they  are  stirring  now,  as  I 
shall  show  later,  and  our  own  manufacturers  are  stirring.  The 
Hew  England  Cotton  Manufacturers*  Association  is  on  record  as 
favoring  the  International  standard  (tlie  liasis  is  the  metric  system : 
1^000  metres,  weighing  1  kilugnimme,  )>eing  Xo.  1;  2,000  metres, 
weighing  1  kilogramme,  being  No,  2}  for  numbering  yarns, 
and  I  know  many  prominent  woollen  and  worsted  manufacturers 
who  ana  heartily  in  favor  of  it.  The  trustees  of  the  l^iwelL  Tex- 
tile School  liavo  made  tins  the  standard  system  for  the  schord, 
even  though  we  have  to  teach  the  relaticms  of  the  pound,  yard, 
etc.  Here  I  quote  fi*^)m  the  Lowell  l^*',i*tUe  Jfjurntd  an  article 
written   by   Fenwick    Umpleby,    Head    Instructor    in    Textile 
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Design  at  the  Lowell  Textile  School,  and  I.  Walwin  Barr,  his 
assistant. 

In  a  recent  issue  of  a  current  textile  magazine  an  article  appeared,  written  by 
the  editor,  setting  forth  the  relative  advantages  and  disadvantages  of  the  metric 
and  English  systems,  to  the  detriment  of  the  former  system.  Believing  firmly 
that  a  new  system  is  necessary,  and  that  the  metric  system  has  so  many  points  of 
superiority  as  to  make  its  use  desirable,  the  following  article  was  written  in  its 
support  £is  an  answer  to  the  other  article. 

The  subject  chosen  was  "  Cloth  Analysis  by  English  and  Metric  Systems,"  and 
the  comparison  was  so  carried  out  as  to  disprove  the  convenience  and  utility  of  the 
latter  system.  In  the  first  place  the  writer  chose  a  die  for  cutting  the  English 
sample,  with  dimensions  of  1.8  inches  wide  by  2.4  inches  long.  This  use  of  deci- 
mals is  an  acknowledgment  of  their  convenience  not  consistent  i^ith  the  argu- 
ment, which  is,  English  system  agaimst  decimals  or  metric  system.  [No  I  Deci- 
mals were  not  invented  to  go  with  the  metric  system.  Any  one  may  use  them. — 
F.  A.  H.]  That  these  dimensions  were  not  taken  at  random,  however,  will  be 
clearly  seen  when  the  method  of  figuring  is  analyzed  further.  When  multiplied 
together  they  give  an  are^i  of  4.32  square  inches,  equivalent  to  one  inch  wide  by 
4.32  inches  long,  giving  the  straight  line  system,  and  4.32  Is  a  number  in  constant 
use  in  the  cotton  and  spun  silk  trade,  representing,  as  it  does,  the  number  of 
inches  to  the  grain  of  No.  1  yam,  the  standard  number  of  yards  being  840. 

840  X  36  =  30,240  in.  per  lb.  -*-  7,000  grs.  per  lb.  =  4.32  in.  per  gr. 

From  this  point  it  is  easy  to  see  that  the  number  of  warp  threads  per  inch  of  any 
one  kind,  divided  by  their  weight  in  grains  of  that  warp  yam  in  the  sample,  will 
give  the  counts  of  the  yarn,  as  each  thread  is  4.32  long. 

Ordinarily  the  formula  would  be: 

Inches  of  yarn  x  7,000 


840  yds.  X  36  in.  x  weight  of  yam 
Or 

Threads  per  inch  x  length  x  7,000 
840  X  36  X  weight  of  above  yarn 

The  example  given,  cairir*  i  out  under  this  formula  would  read  : 

31  X  jf.32  X  im^ 
= 17  22 

W  X  ;^(J  X  1.8 

thus  showing  that  when  cancelled  out  the  only  quantities  left  are  the  threads  per 
inch  in  the  divid(»nd  and  the  weight  in  the  divisor;  therefore,  ^vith  the  die  of  the 
dimensions  given,  the  tlireads  [xjr  inch  of  any  kind  of  yarn  divided  by  the  weight 
of  that  kind  of  yarn  in  the  sample  ^\^ll  give  the  counts. 

That  this  method  is  a  very  direct  and  satisfactory  one  cannot  be  gainsaid,  but 
it  must  be  conceded  that  then*  is  first  a  considerable  number  of  figures  employed 
in  working  out  the  constant,  and  that  even  then  this  constant  applies  only  to  cot- 
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"ton  and  ^puti  Bilk  j^ams,  and  wh^ri  the  dm  constructed  from  it  as  a  bnsia  is  tjsed 
w\Xh  fabrics  eompoacd  of  othx?r  mat€»rifll«,  the  an«w^fg  are  givtm  in  cotton  counts, 
which  must  be  convert<»d  into  the  system  of  iiumlx-nniaf  uriiler  wliii-h  that  ntat4:'rial 
mav  be  clnssed.  With  worwt^tl  this  is  very  simple,  befauso  the  etitton  tftaudarti 
number,  840,  ii*  just  one-half  i^reater  than  the  worsted  fttaudani  inimlKr,  ,'iiyQ,  find 
consequently  the  worsted  count  is  juj?t  one-half  lerreator;  ther(:'fQre  adrtiiij^  tt>  the 
answer  obtained  from  the  fonnula  nm^half  of  itself  would  give  ibe  woi^fjed  count. 
WTien  trarii^f erring  the  count t?  in  WfjolWn,  they  would  first  be  multiplied  by  84fJ, 
and  then  divided  by  the  yttrds  pet  potmd  of  one  run,  cut,  akcln,  or  whatever 
asj^^tem  nia^'  be  in  ii8e,  about  whli^h  sy&iems  more  will  ix'  ivritten  lat**r. 
The  hrst  formula  given  worked  out  to  a  constant  is ; 


Inches  of  yam  x  7,0i}0 


Or 


840  yds,  X  36  in,  x  weigiit  of  yam 
7, am  frm. 


S40  X  36 


=  .2314  grs.  per  in* 


luclieaof  jam  x  ,2314 
weight  of  yarn 

and  this  is  in  use  regularly  for  figuring  the  co*mt«  of  cotton  yam  from  a  certam 
number  of  Inches  and  their  wei^nht. 

A^ain  tliere  i»  a  considerable  number  of  fiprures  reiiuii'ed  to  work  out  the  con- 
stant, as  in  working  out  the  other  conatant,  for  which  the  wTJter  referred  to  j^ave 
no  credit  in  his  article.  In  (iguriug  for  eomparisony  nothing  should  be  omitted  to 
the  tictrimtnt  of  cither  metric  or  English  system, because  2  and  2  are  4, no  matter 
under  what  systeni.  We  agree  with  "Is  it  worth  while"  as  to  the  siae  of  a  die  to 
be  used,  in  that  a  die  2  inchejs  square  will  i^ve  more  uniforus  results  than  a  tlie  1 
inch  stjuare,  and  never  knew  of  a  smaller  die  tlian  the  latter  being  used  for  any 
practical  textile  calculations. 

The  writer  also  st at^^a  that  it  is  a  fact  ** that  a  distance  approximating  the  Eng- 
lish inch  13  best  suited  for  gauging  the  set  of  most  woollen  and  cottcin  fabrics/'  If 
so,  thon  25  millinwdrt^sfl  will  more  nearly  approach  the  distance  named  than  3ctrn- 
tiraetres,  which  he  useis;  but  we  think  5  ceniimetres  to  Iw  still  l>ettcr  as  a  measure- 
ment. He  5tatL*s  that  a  rlie  iihould  Ix*  us^xi  to  cut  the  samples  having  an  area 
of  about  4  Jifjuan*  iiichi*^,  "  !>pea(iw'  ihi**  is  a  size  not  so  large  as  to  make  the  un- 
ravt4Ung  of  the  tiireads  uma  CL^ssarily  laborious,  nor  so  small  as  to  make  error 
probalile,"  A  metric  di*'  wa??  used^  41)  tnillimetres  by  dO  milUmetre^,  giving  an 
area  of  2JJ(M)  Mcjtiart*  miliimftres*  or  2()  Kf(uare  centitnetpes,  an  area  a  little  leati 
Uian  4  st|Mare  ifK4icis,  We  lja\'e  u*"d  a  die  5  een timet regi  square,  giving  an  area  25 
|u^Lre  centim('tr^.^t  this  loo  being  slightly  less*  than  4  square  inches;  but  its  u^ 

[jves  that  it  will  give  good  results,  with  the  following  formula  as  the  mi^^thod  of 

Threads  in  sample  x  5  (cm.  long) 
Weight  in  centigramtnes 


The  sample  wotdd  be  cut  with  the  die,  theft  ravelled  out,  and  the  numlwr  of 
thrtrads  of  each  different  kind  counted  and  weight -d.     Then  the  iiunilx»r  of  thrt^ads 
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tnultiplietl  by  5  centimetrcg,  tke  length  of  each  thread »  mil  gh*e  the  total  length 
of  the  thread  m  centimetres,  anddi\adiiig  this  hy  the  weight  in  eentigraiTuiies  will 
givethe  founts.  This  in  Itself  is  iia  simple  as  the  straight  line  system,  and  without 
any  special  eflfort  to  make  a  die  which  will  tit  the  fahric. 

At  one  p>int  it  h  stated,  "  We  liave  pa*%'jotmly  dis^^ovenpd  that  neither  the 
Ffi^nch  centitnetre  nor  the  decimetn?  h  .suited  for  gaugijig  the  "set''  of  textile 
fabrics,  and  now  find  that  the  use  of  the  metrie  aysifm  gives  U3  an  area  too  small 
for  the  detenaination  of  yarn  mzes  with  an  accuracy  aufficient  for  mill  w<»rk." 
This  statement  ia  absurd  on  the  face  of  it^  because  the  area  h  no  mon?  limited 
when  measured  by  a  metric  rule  than  by  an  English  rule.  Granting  t\mX  the  m^n- 
tifMi'tre  h  too  short,  a  spm^e  to  use  for  measuring  the  set^  we  fail  to  see  why  a  deei- 
metn*  is  not  well  suite^l  for  that  purpose ;  or,  if  it  ia  considered  too  long,  there 
are  plenty  of  subdivisions*  which  can  be  used,  the  5  eentimetres  as  givi;n  above 
answering  the  purpose  in  ever)*  way.  A  glance  at  the  accompanying  cyts  will 
give  the  n*ader  an  idea  mi  to  how  little  actual  difference  there  ii^  lietween  a  die  1 
inch  square  and  a  die  25  millimetres  square^  or  between  a  die  2  inebea  square  and 
one  5  centimetres  square. 

Personally,  we  favor  a  square  die^  using  that  die  as  a  measmiement  for  the  set  by 
picking  out  and  counting  the  threads  stamped  out  by  it,  rather  than  using  a  die 
winch  fit^  one  fabric  (bnt  not  others),  and  then  counting  the  thn^ads  to  a  eei^ain 
space  in  the  cloth ^  and  tjsing  in  comb i nation  with  the  total  length  and  weight 
ffirmed  in  the  sample*  The  tnetric  sample^  as  In^ore  mentioned,  wjis  40  milli- 
metres by  50  millimetres,  und  gnvc  an  area  of  2/K>n  square  millimetres  eqtnvalent, 
2  centimetres  wide  by  lU  centinu?trf*s  long*  TheJi  figuring  from  the  data  wliich 
was  formed,  tm  follows :  for  worst*' d*  74  threads  per  3  centimetres,  the  worsted 
warp  in  the  sample  wcigliing  20  centigrammes. 

Then  with  74  threads  per  3  centimetres  by  10  centimetres  long  would  be  740  cen- 
timetrt*s  by  §  for  2  centimetn*si=r4S>3  ctmtirnetres  of  worsted  in  the  metric  sample, 
and  cJi\  iding  493  l^y  20  gives  24.05^  or  25  as  the  metric  cotuit*?  of  the  worsU^d*  Of 
course,  in  figuring  the  cotton  warp  and  the  filling  the  same  method  in  ut!M-"d. 

To  find  the  weight  of  a  yard  of  cloth  in  itunces  a  constant  haa  again  been  nsed^ 
and  in  I  credit  given  for  the  figures  necessary  to  produce  it^  whieli  are  shown  in  the 
formula: 

55}  im  K  36  in.  the  weight  of  iajnplc 
432  iri,  X  437.5  (gra,  ptr  oz.) 


This  formula  worked  out  gives  1.05  x  weight  of  sample :^T¥eight  per  yard. 

The  constant  1 .05  is  for  tine  width  only,  55 J  inches,  the  statement  being  made 
that  the  constant  m  worked  fmt  once  for  each  width  and  stamped  upon  the  aide  of 
the  die.  If  the  constants  were  worked  out  for  each  width  from  20  bches  to  60 
inches  by  eighths  of  an  inch,  there  would  be  no  less  than  320  eonatant^^wlueli  would 
require  the  side  of  a  die  a  foot  square  to  hold  them.  In  figuring  out  any  cloth  by 
the  use  of  conetanta  a  eertaln  allowance  should  be  made  for  the  figutX'S  rt^  qui  red  to 
produce  them,  if  a  just  comparison  is  to  result* 

For  hnding  the  metric  w^eight  jr-r  metre  of  cloth  no  constant  is  nec^sary.  The 
sample,  containing  an  area  equi\'alent  to  2  eentimotres  wide  x  I0centin»etre3,  or 
one  decimetre  long,  weiglis  62  centigrammes,  or  31  centigrammes  p?r  centimetre 
wide  for  each  deeimetri^  in  length.  For  the  metre  length  the  cloth  would  weigh  31 
decigrammes  per  centimetre  in  width,  and  as  the  cloth  is  14  decimetres,  or  140 
centimetres  wide,  tho  weight  is  31  decigrammes  multipUed  by  140  centime treSi 
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ginng  4,340  dfcijarrafmTi*'^  ptT  metre  tif  doth.  Rcthidug  the  dedgramraes  to 
grjiuunei^  hy  jwiixtiug  oiT  one  phiLt*  givvs  as  mi  answer  434  graiuinf?s  p.T  mt'tre 
of  doth. 

It  b  liard  to  m^  wherein  the  metric  .sy^tc^ni  wnuid  sufTer  at  all  in  live  comparison 
if  due  credit  had  been  gi\Ten  at  projx^r  points  for  hgurt'^  wht^re  onij  results  ore 
shown. 

The  artieSe  then  goes  on  to  say  that  the  Engliah  syistem  is  a  natural  syst*«m 
fmstr'd  on  till*  dinn-'UsioriR  of  thp  IhmIv,  the  height,  size  of  hand  and  foot.  Wlien 
wi»ri'  ih**n'  i*vt*r  two  hiunan  lipiiigj^  of  thf^  s*ama  diniensions?  How  then,  could  they 
he  standardized?  A3  for  coming  from  \he  dim  past,  onif  eould  easily  bt?lieve  that. 
Many  sa[jf*rslitions  were  handed  down  from  the  dim  pafit^  whieh  had  eqimUy 
p«Kid  reasons  for  existing,  but  which  Imve  long  since  been  discarded  1 
And  AS  for  quoting  the  opinion  of  John  Quincy  Adams,  the  gentleman 
hud  the  reptitaticm  of  heing  a  brilliant  mathrmatician,  but  we  fail  to  gee 
why  an  opininn  ^xpw^s&ed  early  in  thr  last  century  is  at  all  acceptable  in  a  die- 
ciiiitfioti  of  prt^sent.-day  affairs  in  nmtters  snch  as  w  urukr  discut^sion,  or  any  oth^j^rs* 
In  another  pani^raph  reading  partially  a^  foQowt^,  ''  We  may  be  able  to  simplify 
our  Elnj^lish  textile  stundards,  to  apply  to  ihcm  the  decimal  di\ ii^ions  to  a  gn^atir 
ttent  tlian  at  pres*mt ,  to  find  siinplf^r  and  tiion^  direct  m r*thods  of  calculation  than 

r&ny  now  listed/'  the  writi*r  pra^'tically  admit. h  the  ncfd  of  a  new  standard,  and  sug- 
gi^sts  that  dcrirnalg  bt^  applitnl  to  the  EngU^^h  system.  No  standard  is  as  simple 
as  the  me  trie,  and  liow  immea^surably  superior  is  a  true  decimal  system  to  a 
haaht^d-up  Englbh  "^Eystem  with  decimal  divTBJons. 

A  few  remarks  as  to  the  systems  in  iLse  in  America  at  the  present  time  would  not 
come  ami«^  at  this  point.  For  cotton »  prolmbly  840  yards  is  the  generally  ac- 
cepted !5tandttrd  number  of  yards  per  pound  for  N'«,  I,  and  for  worsted  560.  For 
linen,  jute  and  ramie  fibre,  300  yards  per  pound  for  No.  Vs  an^  usi?d*  For  spun 
gilit,  MO  h  nmd.  For  raw  silk,  three  difTcrtnit  systcinii  art*  usf^d:  the  traui  siik 
©ysij/'tru  20,000  yards  weighing  ont»  ounce,  is  Xo.  1 ;  20,000  yards  wt^ighirig  two 
ouncMis  is  No.  2,  etc.  The  dram  system,  1,000  yards  pt»r  dram,  16.000  yards  per 
otin£^^  or  2*56,000  yards  per  pound,  equal  No-  I,  and  1,000  yards  weighing  two 
drams  being  2  dram  silk,  etc.  Then  the  denier  system,  where  40i)  French  etla^ 
470  metres^=520  yards.  Is  used  as  a  standard  measiirement,  and  whatever  the 
wt^ighl  in  deni**rs,  that  mmiber  is  the  count.^.  1  ounce  ~  533,33  deniers.  When  Wii 
cf*ine  to  the  woollen  systems,  there  we  find  our  "  ungwlly  disorder."  According  to 
die  Imvition  or  to  the  pemoriiil  preferencvi*  of  thoe*?  in  control,  the  various  systems 
[  ar*^,  i,<UKl  yitrds  per  pound  for  1  nm  woolkm, ^?(H)  yards  per  pound  tor  1  cut 

rwocilleri,2o0  yards  pt^rpf^und  for  1  skein  wrH>llen,240  yards  per  pound  for  I  huuk 
woollen ;  and  anotlit*r  system,  where  the  weight  in  grains  of  20  ynrds  i.s  taken  as  the 
eounl^,  i.e.  if  20  yarils  weigh  I  grain  it  is  No.  1 ;  if  20  yards  wefgli  2  grains  it  is 
No.  2,  etc.     HerCj  then,  is  ample  prtiof  of  *'  ungodly  disorder '*  in  our  own  couiitry, 

rtlMJUP  !K4ng  no  need  to  look  across  to  Europe  to  find  such.     Hi* re  are  12  dilTert^nt 

I'tysU^njs  in  use:  1  for  cotton,  1  for  woreted,  4  for  silk,  1  for  jut*i,  linen  and  ratnle 
fibrc^  ill  id  5  for  woollen^  where  one  aysteiti  more  simple  in  every  way  could  and 
should  Ih^  usj*d  instead.  All  this,  if  allowed  to,  will  continue  in  the  .^amt*  old  wayj 
but  legisialion  cnuld  nuike  a  wonderful  change  for  the  better.  If,  in  all  public 
business,  all  imports  and  cxjKirta!,  duties,  et«,,  the  use  of  the  metric  system 
wii-*rc  to  be  lutule  compulsory,  the  change  w^ould  come  grad^ttUy  and  naturally.  Wo 
do  not  advocate  sudden  change  or  complete  tuniover,  as  it  wcrc^  but  if  the  eliii- 
dreji  at  present  in  school  were  taught  thoroughly  to  use  the  metric  sy^em^^ — in 
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fact,  to  think  in  the  metric  s]/stem — when  they  came  to  do  the  business  of  the 
nation  the  complete  change  could  be  made  to  the  lasting  benefit  of  all. 

One  of  the  writers  of  this  article  has  had  a  wide  range  of  experience  in  England, 
Canada  and  the  United  States,  and  is  well  informed  from  personal  experience  as 
to  the  state  of  confusion  resulting  from  the  use  of  so  many  systems.  A  short  time 
ago  while  engaged  in  conversation  with  a  designer  from  Europe,  where  we  are  told 
things  are  all  mixed  up,  he  said  he  could  not  understand  why  a  nation  like  the 
United  States,  so  progressive  in  other  ways,  should  be  so  far  behind  as  to  be  using 
skeins,  hanks,  cuts,  runs,  and  the  grain  system  for  numbering  yarn  made  from  one 
material. 

SAMPLE    OF    MIXED    SUITING. 

Width  31i  inches. 

96  threads  per  inch. 

48  picks  per  inch. 

Dressed  1  Face  1  Back 

System  of  Warp  (Face),  Black  Cotton   6      6       =   12 

Slate  Worsted  2  2  2  2=     8 

Blue  Worsted  2       2=4 

~24 

System  of  Warp  (Back), 

Black  Cotton    6  2  0  2  =   16 

Slate    Cotton  2  2,  2  2   =     8 

~2l 

48  threads  in  pattern  x  63  patterns  =  3,024  threads. 
Face  warp  2-30  Black  Cotton. 
Face  warp  2-44  Slate  Worst<'d. 
Face  warp  2-44  Blue  Worsted. 
Back  warp  1-15  Black  Cotton. 
Back  warp  1-15  Slate  Cotton. 
Filling  in  4-run  Black  Woolen. 


STRAIGHT   FIGURING   WITHOUT   ANY    CANCELLATIONS. 

2-30  Black  Cotton  756  x  16  -v-  15  x  840  =  .9595  oz. 
2-44  Slate  Worsted  378  x  16  ~  22  x  560  =  .4909  oz. 
2-44  Blue  Worsted  378  x  16  -^  22  x  560  =  .4909  oz. 
1-15  Black  Cotton  1,008  x  16  -4-  15  x  840  =  1.28  oz. 
1-15  Slate  Cotton  504  x  19  -^  15  x  840  =  .64  oz. 
4-run BlackWoolen  31.5  in. x  48  ~-  4  run       =  3.78      oz. 

7.()413  oz. 


THE  ABOVE  FABRIC  FIGURED  BY  THE  METRIC  SYSTEM  WITHOUT  ^LNY  CANCELLATIONS. 


8  dm  wide. 

378  threads  per  dm. 

189  picks  per  dm. 


120.96  gm. 
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(Metric)  Face  warp  2-50  Black  Cotton. 
Face  warp  2-50  Slate  Worsted. 
Face  warp  2-50  Blue  Worsted. 
Back  warp  1-25  Black  Cotton. 
B:xk  warp  1-25  Slate  Woolen. 
Filling  13  Woolen 

378  X  8—3024  x  1  metre  _ 
25  counts 

189  pks  X  8  X  1  _  116.30  gm. 

~T3  counts  ~  .  237!26gmi 

DETAIL   RE(JUIREMEXTa. 

Weight  of  material  for  1  metre  of  warp. 

Face  Black  cotton  756  -4-  25  =  30.24  grammes. 
Face  Slate  cotton  378  -i-  25  =  15.12  grammes. 
Face  Blue  cottoa  378  -r-  25  =  15.12  grammes. 
Back  Black  cotton  1008  -i-  25  =  40.32  grammes. 
Back  Slat<>  cotton  504  =  23  =  20.16  granmies. 
Filling  189  X  8  X  10  H-  13  =  116.30 

237.26 

1  Metre  =  30.37  in.  and  weighs  237.26  grammes  -i- 

28..35  grammes  in  1  oz.  =  .8.37  oz. 
Then  as  39.37  in.  :  36  ::  8.37  :  x 

8.37  X  36 
—       „„  -  =  7.63  oz. 
39.37 

In  Bradford,  England,  is  located  the  most  celebrated  condi- 
tioning house  in  the  world,  to  which  are  referred  all  questions 
relating  to  textile  fibres,  yai'ns  and  fabrics  for  linal  reports. 
The  manager,  Mr.  Walter  Townsend,  is  therefore  most  closely  in 
touch  with  the  textile  situation,  and  is  called  ui)(m  to  investigate 
all  manner  of  cases  in  this  line.  The  works  are  e(iuip])ed  most 
completely  with  macliin(*s  for  testing  condition  or  moisture, 
strength,  elasticity,  staple,  dyestuif,  in  fact,  everything  that  has 
to  do  with  the  make-up  of  a  piece  of  cloth.  Let  me  quote  from 
a  recent  letter  from  ^Ir.  Townsend: 

Re  Metric  and  Decinxil  St/stems.—  Pc^r^ionally  T  am  a  very  strong  advocate  of 
them  and  have  adopt<'d  it  entirely  hrrc,  a.s  far  as  calculations  and  nicasun'nicnts 
go  in  all  our  conditioning-house  work,  and  of  course  we  all  as  a  staff  find  an  enor- 
mous saving  of  time  and  an  easy  cheeking  as  to  correctness.  Our  little  nation 
takes  it  up  slowly,  hut  I  am  glad  to  say  that  'I'he  l^oard  of  Trade  in  London 
is  verj'  busy  on  the  matter  and  my  friend,  Mr.  Spencer,  a  hi^h  oflieial  there,  is  very 
enthusiastic  and  working  with  me  in  preparing  tables,  scales,  reductions,  in  both 

85 
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weights  and  measures.  I  will  give  you  a  further  report  later  on  as  I  go  to  London 
on  this  special  matter  next  week.  To  fight  against  ignorance,  prejudice  and  old- 
fashioned  customs  is  (in  this  country  at  least)  very  hard  work,  but  "peg  away"  is 
my  motto. 

Again  let  me  quote  from  a  letter  written  to  Mr.  J.  H.  Key, 
nolds,  Principal  of  the  Municipal  Technical  School  of  Manchester, 
England,  by  Mr.  II.  E.  Wollmer,  who,  Mr.  Reynolds  informs  me, 
is  the  director  of  the  firm,  Sir  Jacob  Behrens  &  Sons,  exporters 
of  yarns. 

Thanks  for  kindly  sending  me  the  enclosed  letter  which  I  have  read  with  much 
interest.  Last  week  our  Board  advised  the  Indian  Government  to  adopt  the  metric 
system  of  weights,  etc.,  for  wool,  worsted  and  silk  yarns  in  preference  to  the  Eng- 
lish system,  which  for  some  of  these  yams  seems  to  be  practically  unknown  in  India, 
whilst  the  metric  or  Continental  system  has  been  in  use  there  for  many  years.  In 
fact,  some  dealers  decline  to  buy  their  yams  unless  made  up  in  the  Continental 
way,  and  what  your  friend  says  is  very  convincing,  respecting  the  drawbacks  of 
so  many  systems  being  in  use  at  the  same  time.  Cotton  yams  will  have  to  follow 
but  they  will  be  the  last  upon  the  list,  as  our  system  is  nearly  universally  in  use, 
and  the  change  will  be  somewhat  disturbing  and  also  very  expensive ;  however, 
our  course  is  clear. 

Under  date  of  March  27,  1902,  the  Yorkshire  (England)  Post 
printed  the  following: 

W^OOLXiEN   AND   SiLK   YaRNS   FOR   IXDIA. 

The  metric  system  of  count.  The  Secretary  of  State  for  India  is  asking  the 
Association  of  Chambers  of  Commerce  to  ascertain  the  \iews  of  manufacturers 
on  a  question  which  has  arisen  regarding  the  admission  of  the  Continental  or 
metric  method  of  count,  as  an  alt<»rnative  for  the  British  system,  for  the  marking 
and  description  of  woollen  and  silk  yarns  imported  into  British  India.  It  seems 
that  some  Indian  dealers,  when  invited  to  give  orders  for  British  worsted  and 
wool  yams,  have  declined  to  do  so  unless  the  yarn  is  made  up  on  the  Continental 
system ;  and  the  customs  authorities  of  India  have  written  to  Lord  (Jeorge  Hamil- 
ton, pointing  out  that  the  trade  in  yarns  has  passed  into  foreign  hands. 

Messrs.  Macdonald  &  Co. ,  of  Karachi,  wrote  to  the  Chief  Col- 
lector of  Customs  in  Sind: 

The  Indian  dealers  have  got  so  accustomed  to  the  Continental  count  of  worsted 
wool  yam  that  they  absolutely  decline  to  give  orders  for  the  yam  made  up  accord- 
ing to  the  British  standard  of  count,  and  stipulate  when  giving  orders  tliat  the 
yam  must  be  made  up  according  to  the  system  in  vogue  on  the  Continent.  It 
appears  that  this  system  of  making  up  suits  their  looms  bett<>r  than  the  British  . 
standard.  If,  therefore,  the  government  should  decide  to  insist  upon  the  goods 
being  made  up  according  to  the  British  standard,  it  appears  to  us  that,  for  a  time 
at  least,  trade  would  be  hampered. 
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Messrs,  Tolkart  Broth ersj  also  of  Karachi^  write: 

The  yanii?  have  now  come  to  India,  for  years,  made  up  aceortting  to  tho  metric 
scale,  and  the  trade  has  got  acfiistonied  to  it,  Serious  diffieultiea  will  arise  with 
ecmaumers  yp-eountry  should  the  government  of  India  decree  that  wool  yarn 
must  bu  mad^r  up  acfurding  to  the  old  and  little. known  British  worsted  seale. 

Tlie  Government  of  Calcutta,  writing  to  Lord  George  Hamil- 
ton on  the  20th  of  February,  say: 

We  have  permitted  for  the  present  the  use  of  the  Continental  desrription  of 
count  which  follows  the  metric  system^  as  thi^  issiud  to  be  mort*  conv(.*ni<.'nt  to  the 
trade;  but  it  is  possifile  that  there  may  be  objections  (nmi  thr  pcmit  of  vit^w  of 
the  English  manufacturers.  ^Ve  should,  tbcrefore,  be  glad  tu  learn  the  v'wwa  tif 
the  English  spinners,  and  U^t  tbc^tu  know  that  the  trade  in  these  )  arns?  is  in  fonugn 
hands.  The  orilers  to  use  the  Continental  description  of  count  lAill  be  umde  finat 
if  no  objection  Is  raistnl  tjy  the  British  trade. 

I  have  also  a  copy  of  the  report  of  Mr.  Arthur  E.  Piggott, 
Secretary  to  the  8ilk  Association  of  Great  Britain  and  Ireland, 
from  which  I  would  quote  as  follows: 

At  the  armual  meeting  of  this  association,  held  in  London  on  the  2f>th  of  Febru- 
ary, a  communication  wiis  h'port^^d  from  the  Minister  of  f'oiirnierce  of  France, 
asking  for  tlie  coclpt^ration  of  thi^  association  in  ^nni  ritig  a  t  mi  form  syBtem  for 
ttie  EiumlK^ring  of  yam  counts,  etc,^  and  an  expert  cominitttH.'  consisting  of  Mr, 
Matthew  Blair,  Mr.  HcTbert  Rowson,  Mr  fc»ydney  Thompson,  Sir  Thomaiis  Wardle, 
and  Mr,  George  Wigley  wert^  appointed  to  eoniiider  the  sulgect,  and  report  to  the 
coiuicil. 

This  report  was  duly  presented  to  and  appro\*'<l  Ijv  the  conneil  on  May  7th,  and 
it  was  orden^d  that  the  report  should  Ik*  printctl  jincj  circulated  to  the  members  of 
ttie  association  and  to  tlve  Chamliers  of  Conunerce  in  the  silk  centres. 

Jt  was  also  resolved : 

**  That  t  he  Silk  Aasix-iation  recommends  the  government  to  adopt  the  metric 
system  of  weights  and  measures." 

1  beg,  therefore,  to  send  herewith,  for  your  perusal  and  information,  the  import 
of  the  expert  committee,  together  i^ith  an  explanatory  memorandum  on  yam 
counts  which  has  b**eii  prepan:*d  by  Mr.  Mat(h<*w  Blair,  tlw  ehairniaji  of  tiic  com- 
miltet%  ami  have  t<»  ask  for  your  co^lperation  in  supporting  in  every  way  posaihle 
tlir  reeonnnendations  contained  in  the  report. 

Although  r  am  interesteil  in  all  sides  of  the  question^  I  did 
not  intend  to  discuss  other  than  tlie  textile  phase;  yet  t  cannot 
refrain  from  qtioting  a  letter  sent  to  the  American  Hide  & 
Ijeather  Co.  at  Boston,  lindor  date  of  March  25,  l^fiif,  from 
Paris  J  the  matter  being  brought  to  my  attention  by  a  friend  who 
ia  cM>iinec^te4l  with  this  large  corapanyj  which  has  a  very  hea^y 
ex|>ort  trade; 
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Enclosed  you  will  find  report  of  last  meeting  held  by  the  Syndicat  G^h^ral  de  la 
Chaussure  de  France,  whereby  you  will  see  that  the  shoe  manufacturers  of  this 
country  have  not  decided  to  buy  leather  otherwise  than  by  metric  system  (square 
metre)  instead  of  per  foot,  which  is  quite  illegal  in  France.  [This  is  merely  a  case 
of  translation.  See  the  section  of  the  paper,  "  The  Foreign  Trade  Argument." — F. 
A.  H.] 

This  decision  will  surely  affect  the  sale  of  all  American  leathers  sold  per  foot, 
unless  American  tanners  follow  the  suggestion  of  leading  shoe  manufacturers  here 
to  indicate  on  each  skin  the  French  measurement  equivalent  to  that  mentioned 
in  square  feet. 

It  occurs  to  us  that  you  could  indicate  on  the  dial  of  your  measuring  machine 
the  French  measurements  as  well  as  the  American,  so  that  when  leather  is  meas- 
ured for  France,  you  could  indicate  on  the  skin,  French  measurement  and  invoice 
at  so  much  per  square  metre  instead  of  per  square  foot,  which  would  be  quite  an 
easy  thing  to  calculate. 

We  sincerely  hope  the  United  States  shall,  ere  long,  adopt  the  metric  sys- 
tem already  in  use  nearly  over  the  world,  because  it  would  be  preferable  for  all 
interested  parties. 


It  is,  then,  no  matter  of  individual  whim,  or  of  a  few  isolated 
people  having  to  do  with  the  conversion  of  fibre  into  fabric,  that 
the  question  of  uniformity  of  terms  and  designations  is  made 
vital.  While  the  greater  proportion  of  spindles  is  controlled  by 
England  and  the  United  States,  to  say  notliing  of  the  trading 
between  these  two  countries,  the  rest  of  tlie  world  is  buying  not 
merely  the  finished  product,  but  that  which  is  partly  prepared, 
for  instance,  yarns  wliich  are  to  be  woven  within  their  own  bor- 
ders; and  tlierefore  tliere  is  an  increasing  demand  for  clear  and 
correct  understanding  of  tlie  nomenclatures. 

The  various  efforts  to  secure  an  international  standard  for  yarn 
numbering  have  not  been  successful,  because  England  and  the 
United  States,  the  greatest  producers  of  these  goods,  Avere  apa- 
thetic. Now  it  is  seen  these  countries  are  on  the  alert,  and  it 
is  hoped  that  they  will  not  block  this  important  reform.  If 
only  we  wore  consistent  with  our  English  cousins  in  our  various 
designations  of  counts,  using  as  we  do  pound  and  yard,  we  might 
find  some  ready  means  of  systematizing  the  matter;  but  we  are 
not  consistent  even  among  ourselves.  In  such  a  case  there  is  no 
doubt  but  tliat  the  best  way  is  to  find  the  broadest  possible 
ground  for  a  standard,  and  change  everytliing  to  that.  Such 
a  ground  we  have  in  the  metric  units,  where  whatever  the  mate- 
rial of  wliich  the  yarn  is  composed,  if  one  metre  weighs  one 
gramme  it  will  be  designated  Xo.  1 ;  two  metres  to  the  gramme, 
Xo.  2,  etc.     The  various  calculations  necessary  to  the  production 
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of  a  piece  of  cloth  are  wonderfully  simplified  and  are  of  practi- 
cal, workable  value,  as  has  been  demonstrated,  not  by  those 
whose  business  it  is  merely  to  Avrite  books  and  newspaper  arti- 
cles, but  by  practical  mill  men  who  have  constructed  thousands 
of  pieces  of  cloth,  and  have  it  in  mind  to  do  that  which  will 
make  better  fabrics  with  a  mininmm  exj)enditure  of  energy. 
They  have  no  desire  to  juggle  with  figures  for  the  sake  of  pro- 
viding argument,  but  regard  their  calculations  merely  as  a  mill 
with  which  to  transform  data  into  useful  forms.  The  fewer 
gears,  cams  and  levers  this  mill  has,  the  better  they  like  it  so 
long  as  the  product  is  up  to  the  standard.  There  are  many  cases 
where  mills  prefer  lai.ssez  faire  and  to  use  their  own  stand- 
ards, no  matter  how  complicated;  they  could  go  along  well 
enough  until  called  upon  for  a  change  of  product,  but  their  arbi- 
trary standards  would  then  be  at  a  most  serious  disadvantage. 

Our  great  industrial  enterprises  have  been  successful  in  their 
combiiuition  only  by  cutting  out  all  wastes  both  of  time  and  of 
material,  and  it  is  not  likely  that  the  textile  interests  will  be  far 
behind  Avhen  fully  alive  to  the  possibilities  of  saving  time  in 
computation. 

Mr,  F,  A,  ILili<eu. — The  metric  system,  as  related  to  the  textile 
industry,  can  b(^  intelligently  discussed  by  those  only  who  are  ex- 
perts in  that  industry.  The?  remarks  of  Professor  Crosby  and  of 
M.  Lamoitier'have  therefore  boon  sent  to  Mr.  S.  S.  Dale,  editor  of 
the  TeH'di!  World,  and  the  n^plies  to  those  gentlemen  are  by  him. 

Mr,  SdinthI  S.  Jjidc, — While  the  members  of  each  trade  or 
profession  should  endeavor  to  determine  the  merits  of  the  metric 
question  from  their  particular  point  of  view,  human  nature  is  the 
same  ev'ery where,  and  men  in  one  department  can  acquire  valu- 
able infornuition  regarding  the  practical  opei'ation  of  the  metric 
system  by  observing  its  eifects  on  trades  outside  of  their  own 
calling. 

This  Society  may  not  hav(^  the  ])ersonal  interest  in  the  textile 
asj^ects  of  the  case  that  is  tak(^n  l)v  the  New  England  Cotton 
Manufacturers'  Association  or  the  National  Association  of  Wool 
Manufacturei's,  but  it  can  |)njlit  by  the  ex])erience  of  others  with 
the  metric  system  in  textile  manufacturing  as  well  as  can  either 
of  the  associations  al)ove  named. 

For  this  reason  there  is  no  need  to  a])()logize  to  American  engi- 
neers for  turning  a  head-light  on  the  metric  system  in  the  textile 
industry. 
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In  the  beginning  of  his  paper,  Professor  Crosby  refers  in  a 
vague  way  to  the  attitude  of  the  New  England  Cotton  Manufac- 
turers' Association  and  the  National  Association  of  Wool  Manu- 
facturers toward  the  metric  system.  Farther  on  he  comes  out 
flat-footed  in  regard  to  the  Cotton  Association  in  these  words: 

The  New  England  Cotton  Manufactnrers'  Association  is  on  record  as  favoring 
the  International  standard  [the  base  is  the  metric  system]  for  numbering  yams. 

This  statement  has  been  spread  far  and  wide,  from  Belfast  to 
Barcelona,  and  from  Barcelona  to  Moscow.  It  was  made  early 
at  the  hearing  before  the  committed  on  coinage,  weights  and 
measures.  It  appeared  in  a  report  made  by  the  National  Bureau 
of  Standards  at  Washington  to  the  British  Consul-General  at 
New  York,  and  transmitted  by  the  latter  to  his  government  to 
be  published  in  the  English  papers,  for  the  purpose  of  influencing 
English  public  opinion  in  favor  of  the  metric  system.  And  now 
Professor  Crosby  conveys  the  imjiression  that  our  textile  asso- 
ciations favor  the  metric  system.  I  have  not  the  slightest  doubt 
as  to  the  good  faith  in  making  the  statement;  he  is  simply  re- 
peating what  thousands  honestly  accept,  apparently  on  good 
authority,  and  what  is,  at  this  moment,  being  spread  throughout 
Europe  as  officially  endorsed  by  the  Bureau  of  Standards  of  the 
United  States  Governmeut.  As  the  report  has  been  given  such 
wide  publicity,  the  sooner  the  truth  is  known  the  better.  Fol-  , 
lowing  is  a  letter  that  explains  itself: 

New  England  Cotton  Manufactuueiis'  Association,  Boston,  Mars. 

January  7,  1903. 
Dear  Sir: 

In  reply  to  your  inquiry  of  tlie  Oth  inst.,  I  would  say  that  th<»  Association  never 
fominitted  itself  to  the  metric  system  of  measuring  yarn. 

Yours  very  truly, 

C.  J.  H.  Woodbury, 

Secretary. 

Xeitlier  has  the  National  Association  of  Wool  Manufacturers 
been  comniitted  to  the  metric  system.  Its  action,  so  far,  has 
been  limited  to  listening  to  addresses  on  the  subject  by  Professors^ 
Crosby  and  Stratton  at  one  of  its  bancjuets. 

The  (luestiou  of  textile  wei«i^bts  and  measures  relates  largely, 
but  by  no  means  wholly,  to  the  numbering  of  yarn,  of  which 
there  are  two  general  systems.     One  is  based  on  a  fixed  weight 
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and  variable  letigtii,  the  other  on  ii  tixed  length  and  variable 
weight.  The  fonuer  is  used  for  all  textile  mtiteriak  exee[)t  silk, 
which  is  DUJiibered,  with  the  exception  of  waste  silk,  by  the  sec- 
ond systeni.  If  1  pound  of  cotton  yarn  is  spiui  s40  yanls  long, 
it  is  called  No>  1  yarn;  if  spun  1,080  yariln,  or  twice  as  long,  it 
is  called  Xo,  2  yarn,  the  nuiiiber  increasing  as  the  yarn  gets 
finer.     This  is  the  English  ooiton  standard. 

If  1,OOU  yards  of  mlk  tram  or  organxine  weighs  1  dram,  it  is 
called  No.  1;  if  it  weighs  2  di*ains,  it  is  calleil  No.  2,  the  number 
increasing  as  tlie  yai-n  gets  coarser.  This  system  is  used  in  the 
Uriitol  States  and  in  Enghmd  for  thrown  silk. 

Of  the  four  EngliKh  systems  mentioned  by  Pi'^sfessor  Crosby, 
the  3t)0  vanl  system  is,  with  the  exception  of  a  local  and  nnim- 
I)ortant  Austrian  standard,  the  world's  single  stauilard  for  lijien^ 
jute,  hemp  and  allied  tibres,  so  that  if  a  spinner  of  any  of  thewsa 
materials  in  the  United  States  should  mention,  say.  No.  20  yarn 
to  a  spinner  in  (treat  Britain,  France,  Germany,  Austria^ 
Russia,  India,  China  or  Jripan,  in  fact*  in  any  country  in  the 
world,  both  would  understand  without  explanation  that  the  yiirn 
measnre<l  *nUf»o  yards  )»er  pnuntL  This  sv?^t<^m  is  usal  to  a 
comparatively  snudl  extent  for  woollen  yarn,  chiefly  in  tlu! 
vicinity  of  Philadelphia,  and  the  plain  lesson  to  be  drawn  from 
its  continued  hx^al  use  there,  side  iiv  side  with  the  eommen- 
surable  rim  system  (the  j'reater  convenience  of  which  will  be 
shown  later)  is,  that  methods  for  numbering  yarn,  when  once 
rooted,  iK^^ome  |inictieally  immovable. 

Of  all  the  learlitig  branches  of  textile  infinufactnring.  the  linen, 
hem[>  and  jute  industries  are  the  mofit  distinct.  These  materials 
are  seldom  mixe<l  or  combined  in  the  same  fabric  with  either 
cott-on,  woollen,  worsted  or  silk  yarn.  Its  world-wide  stan<hu^ 
of  ^Mn\  yards  seldom  comes  in  contact  with  the  remaining  thre^' 
systems  cited  by  Professor  Crosby-  These,  840  yards  for  cotton, 
5*>*>  yanls  for  worsted,  and  IJ^OO  yards  for  cardai  woollen,  are 
eacli  emplayed  in  bninches  of  textile  manufacturing,  whose  proc- 
esses and  machiuer}''  are  distinct  and  separate  up  to  and  including  ' 
the  |»n*paration  of  tlie  yarn  for  weaving.  Each  branch,  cottoa, 
worstcil  and  carded  woollen,  is  a  flistinct  trade.  The  ivorkmen 
in  each  do  not  require,  and  usually  do  not  have,  any  definite 
knowledge  of  or  skill  in  the  other  two*  This  limits  the  contact 
of  the  three  systems  to  the  weaving  and  designing  departments, 
and  to  the  gcnerul  management  of  weaving  mills.     Fortunately, 
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however,  the  840,  560,  300  and  1,000  yard  systems  have  certain 
relations  to  each  other  and  to  the  pound  which  remove  the 
apparent  difficulty  of  using  them  together. 

First,  they  are  all  based  on  the  English  yard-pound.  This  is 
their  chief  merit,  which  I  will  not  dwell  on  now,  as  it  will  be 
evident  wlien  we  consider  the  metric  units,  but  will  note  their 
other  advantages. 

The  cotton  is  just  one-half  longer  than  the  worsted  skein,  and 
the  number  by  the  worsted  system  is  therefore  larger  by  just 
one-lialf  than  by  the  cotton  system;  that  is.  No.  20  cotton  is 
ecjual  to  No.  30  worsted.  The  cotton  number  can  likewise  be 
obtained  from  tlie  worsted  number  by  taking  one-third  from  the 
latter;  that  is,  No.  30  Avorsted  is  No.  20  cotton.  - 

When  Ave  come  to  tlie  1,G00  yard  skein,  the  standard  for  the 
carded  woollen  yarn,  we  find  that  No.  1  woollen  yarn,  measuring 
1,G00  yards  per  pound,  measures  100  yards  per  ounce;  that  No.  2 
yarn  measures  200  yards  i)er  ounce;  No.  3^  yarn  350  yards  per 
ounce,  the  number  of  the  yarn  expressing  in  each  case  the  num- 
ber of  hundred  yards  per  ounce.  This  facilitates  greatly  the 
calculation  of  the  weight  \yer  yard  which  is  expressed  in  ounces. 
If  a  yard  of  cloth  contains,  say,  4,000  yards  of  3-run  w^arp  yarn, 
a  simple  division  will  show  that  the  warp  weighs  13J  ounces  per 
yard.  This  is  such  an  advantage  that  the  best  mill  practice  uses 
the  run  system  for  calculating  per  yard,  not  only  the  weight  of 
carded  woollen  yarn,  but  also  that  of  cotton  and  w^orsted.  For 
the  last  two  this  necessitates  a  conversion,  which  can  be  made 
mentally  by  the  factor  .5^  for  cotton,  from  which  the  worsted 
number  is  obtained  as  already  explained.  This  is  the  practice  of 
the  mill  and  not  a  theory  of  the  class-room. 

I  do  not  wish  to  be  understood  as  claiming  that  this  system, 
involving  the  use  of  four  methods  of  yarn  numbering,  is  the  best 
that  could  be  devised.  If  we  could  start  anew  and  establish  a 
new  system  of  yarn  numbering,  it  is  certain  that  mill  experience 
witli  the  ])resent  methods  would  dictate  but  one  base  for  all  tex- 
tile materials  except  silk.  It  is  ecjually  certain  that  that  new  sys- 
tem would  not  be  thcmetric.  Evidence  as  to  this  last  statement 
will  be  given  further  on.  The  point  I  wish  to  make  plain  now 
is  that  our  present  yarn  units,  which  are  rooted  and  grounded 
in  every  mill  in  the  world  where  textile  fibres  are  spun  into 
yarn,  and  which  the  experience  of  Europe  teaches  us  cannot  be 
eradicated,  oiler  decided  facilities  for  their  joint  use.     Th^y  are 
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all  based  on  the  yard  and  pound,  and  are  easily  commen- 
surable. 

Professor  Crosby,  after  citing  our  yarn  systems,  vaguely  refers 
to  a  "  clean-cut  "  method  which,  he  says,  may  necessitate  at  the 
outset  some  mental  stimulus,  but  which  possesses  great  and  mani- 
fest advantages  over  our  present  methods.  Let  us  call  a  s})ade 
a  spade.  He  means  the  metric  system.  Now  I  deny  that  the 
metric  or  any  other  system  of  numbering  yarn  necessitates  a 
mental  stimulus  at  the  outset.  The  metric  system  of  yarn  num- 
bering is  simply  the  substitution  of  1,000  metres  for  the  840 
yards  of  the  English  cotton  system,  and  the  kilogram  for  the 
English  pound.  In  other  words,  if  a  kilogram  of  yarn  measures 
20,000  metres,  it  is  No.  20  yarn.  That  is  all  there  is  to  the 
metric  or  any  other  system  of  numbering  yarn  based  on  a  fixed 
weight  and  variable  length.  The  "mental  stimulus,"  as  Pro- 
fessor Crosby  calls  it,  but  rather  the  mental  demoralization,  results 
from  the  attempt  to  use  the  metric  side  by  side  with  the  English 
units,  and  is  due  to  the  incommensurability  of  the  two. 

The  size  of  the  yarn  is  one  of  the  most  important  elements  in 
textile  structures.  The  selection  of  the  raw  material  and  the 
adjustment  and  construction  of  nearly  every  machine  in  the  mill 
depend  on  the  size  of  the  yarn  to  be  made.  The  experience  and 
thought  of  every  textile  worker,  no  matter  how  mechanical  his 
work  may  be,  is  rooted  to  tlie  //  unthpr  of  the  ijani.  This  explains 
why  yarn  numbers  have  passed  unchanged  through  a  century  of 
upheaval  in  old  French  units  of  weights  and  measures.  The  idea 
that  the  experience  in  America  would  be  diiTercnt  is  so  obviously 
opposed  to  manifest  truth  as  to  deserve  no  attention. 

What  then  are  to  be  the  bases  of  American  yarn  counts  in 
that  remote  era  when  the  use  of  the  metric  system  in  the  depart- 
ments of  the  United  States  Government  has,  by  a  s])ecies  of 
mental  suggestion,  led  the  American  ])eo[)le  to  abandon  all  use 
of  the  English  yard  and  j)ound,  and  those  units  have  disappeared 
forever?    Following  is  the  re[)ly: 

Cotton   sk"iiis  of  1,()9.S,()3  metres  ix^rkiloprannnc. 

Worsted        "  ''  1,129.09 

WooUen        ''  "  .S,22(). 

Linen  '•  "     (iOLSo 

Bear  in  mind  that  these  are  the  awkward  expressions  of  the 
second  stage  of  metric  development,  which  comes  after  the  lirst 
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''  transition"  period  during  which  the  yard  and  pound  have  not 
been  driven  or  coaxed  out,  and  wlien  it  would  be  necessary  to 
retain  the  metric  eijuivalents  not  for  the  skein  only,  but  also  for 
the  pound.  During  this  first  period,  in  which  France  still  re- 
mains, the  bases  of  our  four  forms  of  yam  numbering  would  be 
expressed  as  follows: 

Cotton,  now  840  yds.  per  lb. ;  then  768.09  metres  per  453.59  jip*animes. 
Worsted,  now  5()0  yds.  per  lb. ;  then  512.05  metres  per  453.59  grammes. 
Woollen,  now  1  ,G(K)  yds.  per  lb. ;  then  1,403.04  metres  per  453.59  grammes, 
hinen,  now  300  yds.  per  lb. ;  then  274.31  metres  per  453.59  grammes. 

This  is  not  theory.  The  last-named  metric  equivalents  of  our 
English  cotton,  worsted  and  linen  yarn  units  are  taken  from 
Bruggemann,  Die  Tsotigen  Eigenschaften  der  Gespinste,  and 
show  European  practice  to-day. 

The  first  two  stages  of  this  process  of  evolution  can  now  be 
found  in  France.  In  Elboeuf  the  numbering  of  carded  yarn  is 
based  on  a  fixed  Aveight  of  40  sous  (an  old  unit  of  weight)  or  its 
ecjuivalent,  500  grammes,  and  a  variable  length  expressed  in 
skeins  of  3, GOO  metres.  This  is  the  first  stage.  Passing  to 
Eoubaix,  for  example,  we  find  the  evolution  in  the  second  stage, 
the  fixed  weight  being  the  kilogramme  and  the  variable  length 
expressed  in  skeins  of  714  metres. 

The  third  stage  in  P'rance  is  the  use  of  the  system  based  on  the 
l,()On-metre  skein  and  the  kilogramme.  The  last-named  is  the  only 
one  that  is  metric,  and  has  been  introduced  to  some  extent  in  the 
woollen  industry,  but  in  the  other  branches  is  used  so  little  as  to 
hardly  warrant  the  statement  that  the  last  stage  has  begun. 

Thus  the  experience  of  Europe  teaches  us  that  the  ''  clean-cut " 
method  of  Professor  Crosby  will  first  give  us  a  7G8. 09-metre 
453.59-gramme  cotton  yarn  system  for  centuries,  with  equally  ab- 
sui'd  bases  for  each  of  our  other  systems.  If  we  escape  from 
them  we  shall  then  luive  another  era  with  the  absurdities  reduced 
one-half;  in  the  meantime,  endless  confusion.  Compare  these 
expressions  with  our  ])resent  clean-cut  skeins  of  800,  500,  840  and 
1,000  yards,  all  based  on  the  English  yard-pound.  Is  Professor 
Crosby's  remedy  fc^r  what  he  calls  the  ''  incongruity  of  measure- 
ments''  worth  while? 

There  is  no  question  as  to  tlie  correctness  of  the  professor's 
conchision  that  tlie  reference  to  the  English  pound  in  the  October 
article  in  the  TcvtUe  World  is  the  ''  best  sort  of  an  argument  for 
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the  unification  of  yam  numbers/-  and  as  the  English  jioimd 
ilorni nates  the  textile  wodd,  it  is  equally  certain  that  the  easiest 
way  of  reaching  unification  is  the  adoption  of  that  pound  as  the 
Uigis  of  yarn  numbering;  in  fact,  it  is  already  the  staiuhml  for 
three-quarters  of  the  world's  textile  industry. 

We  next  meet  with  the  statement  that  the  English  spinners 
'*  are  stirring  and  our  own  manufacturers  are  Btirring -'  in  their 
efforts  to  adopt  the  metric  system.  Then  comes  the  claim  as  to 
the  New  England  Cotton  Manufiicturers  Association,  which  litis 
already  been  ilisposed  of.  Our  textile  manufacturers  are  cer- 
tainly *' stirring/'  but  it  is  to  make  a  living  with  a  thirty-six 
inch  yard  and  a  sixteen -ounce  pound.  The  metric  system  is  not 
thought  of  by  the  great  majority  of  manufacturers*  They  have 
no  time  to  think  of  such  a  preposterous  proposition  as  that  of 
changing  the  yard  to  ;^i>t  inches  minus,  and  the  pound  to  17| 
onnces  plus.  This  indifference  is  conclusively  shown  by  their 
resjionses  to  requests  for  opinions  on  the  metric  question*  The 
TeMlie  Wotid  addressed  co}nes  of  the  October  issue  containing 
the  article,  **  It  Is  Worth  While,"  by  Professor  Crosby  in  favor 
of  the  mt^tric  t^ystemj  to  l,iSOo  textile  manufacturers  throughout 
the  country,  with  a  request  for  replies  to  these  three  questions: 

1.  Do  3^ou  favor  the  iuloption  of  the  metric  system? 

2.  Are  you  opposed  to  it  ? 

X  Do  you  favor  postponing  action  until  the  snbject  has  lieen 
calndy  and  scientilieally  invt?stigate<l  (as  in  1817  and  in  I860)? 

Fifty-four  replies  were  received,  of  which  17  were  in  favor, 
18  opposed,  and  10  favored  delay;  IT  out  of  l/2tJ0  represents  the 
*' stirring  ^'  that  has  so  im|>resBe<l  the  Professor, 

In  this  tnatter  of  weights  and  measures  the  preferences  and 
opinions  of  employers  do  not  control.  There  is  probably  nf^t 
one  textile  manufacturer  in  France,  Germany,  Austria,  Italy  anil 
S{>ain,  who  does  not  ardently  favor  the  use  of  the  metric  system. 
^o  one  should  deceive  himself  by  thinking  that  this  unanimity 
is  due  to  the  merits  of  the  metric  system.  They  favor  it  because 
it  offers  the  only  way  of  escape  from  the  chaos  of  local  standards 
ia  which  Europe  is  involved*  They  are,  however,  powerless  to 
bring  this  result  about,  owing,  among  many  other  things,  to  the 
familiarity  of  their  employes  with  the  old  units.  If  Professor 
Orosby  will  go  among  the  textile  operatives  in  this  country,  the 
wool  sorters,  carders,  combers,  drawers,  spinners,  twisters, 
spoolers^  w^arpers,  w^eavers,  dyersj  bleachers  and  finishers,  and 
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ask  for  opinions  on  the  metric  system,  he  will  find  (instead  of 
the  stirring  of  17  out  of  1,200)  a  c^3mplete  state  of  coma.  Tex- 
tile weights  and  measures  are  regulated  by  the  millions  who 
create  wealth  in  the  mill  instead  of  by  the  hundreds  that  count 
that  wealth  in  dollars  and  cents  in  the  counting  house. 

Professor  Crosby  makes  a  reply  by  the  chief  instructor  and 
his  assistant  in  the  Lowell  Textile  School  to  the  October  article, 
''English  versus  Metric,"  a  part  of  his  own  reply  to  Mr. 
Halsey's  paper  (No.  971).  It  is  safe  to  say  that  three-quarters 
of  the  school  article  is  wholly  unintelligible  unless  read  in  con- 
nection with  that  to  which  it  is  offered  as  a  reply. 

To  make  clear  what  the  Lowell  instructors  are  aiming  at,  I 
annex  extracts  from  ''  English  versus  Metric,"  as  follows: 

ENGLISH  VERSUS  METRIC  IN  CLOTH  ANALYSIS. 
(From  Textile  Vi,'orU,  October,  1902.) 
A  straight  line  measures  the  shortest  distance  between  two  points. — EucHd. 

The  claim,  unfortified  by  fig:ures,  was  made  before  the  Committee  on  Coinage, 
Weights  and  Measures  at  W^ashington,  that  the  metric  system  would  greatly 
simplify  calculations  in  the  analysis  of  textile  fabrics  and  thus  save  much  labor 
now  made  nocc^ssary  by  our  present  system  of  weights  and  measures. 

Let  us  put  this  to  a  practical  test. 

W'e  will  analyze  two  pieces  of  the  same  fabric,  one  by  the  English,  the  other 
by  the  metric  system. 

At  Fig.  Ill  is  the  sample  to  be  analyzed.  At  Fig.  112  is  a  vest  made  from  this 
cloth  by  an  English  tailor.  At  Fig.  113  is  tlie  residue  of  a  sample  of  the  goods 
after  extracting  the  wool  with  caustic  alkali.  The  cloth  is  known  as  a  union 
fabric,  that  is,  composed  of  yarns  made  from  different  materials:  in  this  case 
cotton  and  worsted. 

For  the  English  system  we  will  make  the  die  1  8-10  by  2  4-10  inches,  with  an 
area  of  1.32  square  inchc^s. 

For  the  metric  system  we  will  make  the  die  40  mm  ]>y  50  mm. 

The  next  step  is  to  find  the  "set,"  that  is,  the  number  of  threads  in  a  given 
spac<*.  Hy  the  English  system  this  is  indicated  by  the  threads  of  warp  or  fUling 
per  inch. 

It  may  be  a  mere  coincidence,  yet  is  nevertheless  a  fact,  that  a  distance 
approximating  the  English  inch  is  best  suited  for  gauging  the  "set**  of  most 
woolen  and  cotton  fabrics.  It  is  not  so  long  as  to  make  the  counting  of  the 
threads  too  laborious.  It  is  not  so  short  as  to  cause  a  s(Tious  error  by  discarding 
a  fraction  of  a  thread. 

WIkmi  we  turn  to  the  metric  system,  however,  we  find  no  unit  of  length  cor- 
responding even  approximately  to  the  English  inch.  The  centimeter  is  less 
than  4-10  of  an  inch,  and  from  this  unit  we  jump  by  the  decimal  step  to  the 
decimeter  wh'ch  is  equal  to  about  4  inches. 
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orir  hundred  yf^nm  afti^r  the  birth  of  tht?  metric  system,  m  still  found  ijsiniaj  the 
iiifh  Tor  c-ountirtf;  plrkis.'* 

In  the  Engl  is!  J  naniple,  sve  fujd  in  ihe  warp  62  worsted  and  31  cotton  threads 
|:jf'r  int  h;  m  ilu.'  filling  I'SW  cotton  rhivads  pc^r  inch. 

In  the  metric  sample  we  count  in  the  warp  74  worsted  and  37  cotton  threads 
per  3  cm:  in  the  filhiig  153  cotton  fillmg  threads  p.^r  .i  etn. 

Thi/  next  st4*p  is  to  dptfrjjjine  the  sho  of  the  yarn  in  warp  and  filling. 
We  rKvei  out  both  samples,  keeping  each  kind  of  yarn  separate.     In  the  Eng- 
lish sample  the  worsted  warp  wcii^hs  4  2-10  grains^  the    cotton    watp    I  8-10 
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f^ruins^  nnd  the  cotton  filling  7  grain?:.     In  the  metric  ^iimpK*  the  worsted  ii'arp 
weighn  2\)  rg^  tin*  cuHon  warp  lc>  {'g»  and  the  cotton  filling  33  ej<. 

V\\*  now  caleulate  tho  siise  of  eaeli  kind  of  yarn  by  each  system  as  follows  {m 
Fig.  114): 

Worsted  Warp:  Kn^lish,  Fig.  4*  22  fiirnres:  Metric ,  Fig.  5,  21  figures. 

Cotton  Warp:  Engliiih,  Fig.  (i^  15  figurt^s:  MrtHe,  Fig.  7*  1ft  figures. 

Cotton  F'illing:   Engjish,  Fig.  8,  10  figures:   Metrie,  Fig,  9+  20  figun^s. 

The  total  weight  of  the  English  sanjple  is  13  grains,  and  wilh  \h  figures  we 
find  the  weight  of  the  goods  to  \w  13  f>-10  ounces  p?r  yard  55   l-S  inche.s  wide 

Wc  find  rhiit  the  metric  flamplc  weighs  62  eg.  and  with  IS  figun^B  we  find  the 
weight  of  the  eloth  tfi  lie  434  gram.H  per  meter  140  fuj  wide  (Fig.  11). 

The  Englis!^  constant  for  tlie  weight  pi^r  yard  is  calculated  once  for  each 
width  of  goods  and  stamped  on  the  side  of  the  the.  This  aik-iiw^ers  for  all  subse- 
quent analyses.  The  metric  constants  for  the  die  we  ha\'e  \is*'d  are  10  and  the 
width  of  tlie  goods  in  ci-ntiinetcrs. 

Summing  up  the  r^leuUilions  we  have  tnade,  wc  find  BS  figures  usf^d  with 
the  English  and  78  wilh  the  metrir  system. 

In  making  these  analyses  we  have  used  the  dpcimaJ  system  for  tlv  mi^lric 
eamijlc,  atid  what  we  will  style  the  *'  straight  line  *'  ineiliod  for  the  English  sum- 
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pie.  The  operations  show  that  the  metric  method  requires  10  more  figures  than 
the  "  straight  line  "  or  English  method. 

The  "  straight  line  "  method  can,  of  course,  be  applied  to  the  metric  weights 
and  measures,  and  the  calculations  then  made  as  easily  as  with  the  English 
standards,  but  this  can  be  done  only  by  using  a  sample  measuring  25  mm  by  40 
mm  (approximately  1  in.  x  1  5-8  in.),  and  at  the  sacrifice  of  accuracy  in  the 
analysis.  Experience  has  demonstrated  that  a  cloth  sample  with  an  area  of 
1  5-8  square  inches  is  much  too  small  for  the  analysis  of  union  fabrics,  in  which 
there  are  often  found  several  kinds  of  yarn,  some  in  very  small  quantities. 

We  have  previously  discovered  that  neither  the  French  centimeter  nor  the 
decimeter  is  suited  for  guaging  the  "set"  of  textile  fabrics,  and  now  find  that 
the  use  of  the  metric  system  gives  us  an  area  too  small  for  the  determination  of 
the  yarn  sizes  with  an  accuraey  sufficient  for  mill  work. 

Are  these  things  wholly  accidental?  The  English  system  comes  to  us  from 
the  dim  past,  and  its  standards  were  based  by  our  rude  ancestors  on  the  di- 
mensions of  the  human  body,  the  height,  the  size  of  the  hand,  arm  and  foot.  It 
is  a  natural  system. 

The  French  or  metric  is  ess<*ntially  an  artificial  syst<?m,  derived  from  a  faihire 
to  determine  the  10,000,000th  part  of  the  distance  between  the  equator  and  the 
North  Pole,  via  I'aris. 

There  are  pure  English  and  mixed  (English  and  metric)  estimates  of  cost  used 
in  the  textile  industry  to-day.  It  will  be  sufficient  here  to  consider  the  mixed 
estimate  ased  in  the  so-called  metric  countries. 

In  Mr.  Halsey^s  papt^r  is  shown,  paragraph  9,  a  German  estimate  of  the  cost 
of  a  worsted  cloth. 

►Study  this  estimate  of  cost  for  a  few  moments,  calmly  if  possible. 

(See  Mr.  Halsey's  paper  for  description  of  processes.) 

Not  only  is  this  single  fjiglish  textile  standard  in  use  throughout  the  world, 
but  it  is  maintaincMl  by  ^'ast  natural  force.  Consider  what  a  bulwark  for  the 
English  system  of  yarn  nunil)ering  is  the  single  fact  that  practically  all  of  the 
raw  cotton  grown  on  earth  is  sold  to  the  mills  by  the  English  pound.  Acts 
of  Congress  cannot  resist  such  forces,  but  to  be  of  avail  must  take  them  into 
account. 

We  may  bo  able  to  simplify  our  English  textile  standards,  to  apply  to  them 
the  decimal  divisions  to  a  greater  extent  than  at  present,  to  find  sini])ler  and 
more  direct  methods  of  calculation  than  any  now  us«'d,  l)ut  a  solid  front  should 
be  presented  agauist  the  pollution  of  the  leading  textile  standard  of  the  world 
^ith  the  Fnmch  meter  and  gram. 

France  and  Germany  give  us  an  object  h'sson  as  to  what  such  pollution 
means.  There  are  not  lacking  sij^ns  that  the  really  practical  men  in  th(^  French 
and  German  textile  industry  are  turning  from  the  metric  and  accepting  the  Eng- 
lish standard  as  a  nect.'ssity. 

Let  us  not  gaze  at  the  metric  stars  and  neglect  to  till  the  Englisli  soil. 

The  school  article  starts  out  witli  tlie  assertion  tliat  tlie  use  of 
decimals  is  inconsistent  witli  the  argument  against  the  metric 
system.  The  absurdity  of  such  a  pretenc^e  reijiiires  no  demonstra- 
tion to  engineers,  but  t'oi'  tlie  ])enelit  of  the  two  \vrit(n\s  making 
the  claim,  it  may  be  well  to  state  here  that  tlie  decimal  system 
was  brought  from  Arabia  into  Europe  about  900  years  ago;  that 
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the  metric  system  was  establislied  800  years  later  and  made 
decimal  because  the  Arabic  notation  was  then  so  firmly  estab- 
lished as  to  make  a  system  with  any  other  exclusive  division  an 
impossibility,  and  that  decimals  are  now  used  in  cloth  analysis 
because  they  are  the  basis  of  our  notation,  and  not  because  the 
French  make  as  much  of  their  metric  system  decimal  as  natural 
laws  allow. 

Down  to  the  sixth  paragraph  the  article  is  a  labored  attempt 
to  explain  that  the  size  of  the  English  die  was  not  selected  at 
random.  The  English  number  of  cotton  yarn  is  expressed  by 
the  pound  in  skeins  of  840  yards;  by  the  ounce  in  skeins  of  ^  of 
that  length,  or  52^  yards;  by  the  grain  in  skeins  of  tj-^^^^t  ^^  the 
first  length,  or  4.32  inches.  The  metric  number  is  expressed  by 
the  kilogram  in  skeins  of  1,000  yards;  by  the  gram,  in  skeins  of 
1  metre;  by  the  decigram,  in  skeins  of  1  decimetre;  by  the  centi- 
gram, in  skeins  of  1  centimetre. 

In  cloth  analysis  the  weight  by  the  English  system  is  expressed 
in  grains,  and  the  area  of  the  sample  is  made  4.32  inches  in  order 
that  each  t/iread  per  hich  may  represent  in  the  whole  sample  a 
cotton  skein  by  the  grain  system  above-mentioned,  which  is  4.32 
inches  long.  Then  a  simple  division  of  the  number  of  threads 
per  inch  (which  is  the  number  of  skeins  in  the  whole  sample)  by 
the  grain  weight  of  the  yarn  in  the  sample,  gives  the  skeins  per 
grain,  in  other  words  the  number  or  count  of  the  yarn. 

Exactly  the  same  method  is  adopted  for  the  metric  system  as 
far  as  the  size  of  the  units  and  tlie  prtictical  requirements  of  the 
work  allow.  If  we  weigh  by  the  decigram,  it  is  necessary  to 
select  a  sample  1  decimetre  square;  this  is  altogether  too  largo 
(about  15^  sq.  in.)  as  the  ravelling  of  so  nmch  cloth  would  require 
too  much  time  and  labor,  and  tlie  samples  available  for  analysis 
are  usually  much  smaller.  If  we  measure  by  the  next  smaller 
unit,  the  centigram,  the  area  of  the  sample  must  be  i\^  of  the 
square  decimetre  (1  square  centimetre),  or  about  \  of  a  square 
inch;  this  is  altogether  too  small,  as  the  weight  of  the  quantities 
of  the  different  kinds  of  yarn  would  be  so  small  as  to  make  a 
very  slight  error  in  weighing  a  very  serious  one  in  the  final 
results. 

Thus,  it  is  seen  that  the  metric  units  are  either  too  small  or  too 
large  to  enable  the  calculations  of  the  y^xw  numl^ers  to  be  made 
with  a  single  operation,  as  is  possible  by  the  English  system. 

In  the  calculations  in  the  October  article,  the  metric  system 
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wag  faYored  by  asgiiraitig  10  centimetres  as  the  metric  area  for 
tlie  simplest  opei-utions*  This  is  not,  strictly  speakiiijf>  the  case, 
I  that  area  heing  ten  times  tut)  large.  It  is,  nevertheless^  still  too 
small  for  practical  mill  work,  anil  it  was  necessary  to  make  it  20 
centimetrGB  on  tlmt  account,  even  this  area  being  smaller  than  is 
desirable.  It  was  adopted  in  those  calculations  in  order  to  favor 
the  metric  side  of  the  question,  against  which  the  argument  was 
directtxl,  althoiigh  this  course  necessitated  the  omission  of  deci- 
nial  points  in  the  metric  calcnlations  that  the  mercy  shown  to 
the  metric  system  might  not  Im  readily  discovered-  As  the 
critics  havo  not  acknowledged  the  leniency  thus  shown,  it  is  per- 
haps hest  to  state  now  in  full  tlie  defects  of  the  metric  units  in 
cloth  analysis. 

The  sixth  ]>aragraph  l>egins  ^vith  a  grudging  admission  that 
the  straight  line  methotl  in  the  October  article  'Vis  a  very  direct 
and  satisfactory  one,"  and  continues  with  an  e<jually  awkward 
ctmfession  of  the  comniensurahility  of  Knglish  unitSj  winding  up 
with  a  grim  determiBatiou  to  show  the  English  system  in  the 
worst  possible  light  by  ignoring  the  ratio  .SJ,  in  converting 
cotton  int^  woollen  counts  and  Iw  using  a  formula  that  shoultl 
appear  only  in  a  primer  of  cloth  analysis. 

On  page  541  the  Lowell  instructors  announce  one  point  on 
which  tbey  agree  with  **  Is  It  Worth  While V  ''  but  in  the  same 
breath  claim  that  calculation  of  some  mysterious  ^'constant*' 
should  l>e  included  in  the  calculation  of  each  yam  size*  Now, 
tliere  is  no  constant  other  than  the  basic  skein  used  in  calculating 
the  English  count.  The  4.32  ini*ht*s  is  the  unchanging  length  of 
the  skein  in  1  grain,  and  calculating  it  in  eacli  case  is  no  more 
necessary  than  is  the  calculation  of  the  value  of  w  whenever  the 
I  circumfarence  of  a  circle  is  reckoned  from  the  diameter,  or  the 
fdeinonstration  of  the  Pythagorean  projiosition  whenever  one 
side  of  a  right  angle  triangle  is  calculated  from  the  other  two. 
The  anxiety  to  have  the  English  skein  calculated  in  each  case  by 
an  awkward  formula  is  in  market  I  contrast  to  their  apparent  sat- 
isfaction with  the  arbitrary  constants  that  the  unsuitable  length 
of  tlie  centjmeti*e  and  the  ilecijnetre  make  it  necessary  to  inject 
into  the  metric  calctilations* 

Page  543  should  be  read  carefiilly  m  connection  with  the 
October  article.  One  sentence  is  isolated  and  ridiculed  although 
it  refers  to  the  subject-matter  of  the  three  preceding  paragraphs. 
This  (in  connection  vrith  the  fact  that  the  school  article  was  sub- 
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mitted  without  the  October  article)  sheds  something  more  than 
a  side  light  on  the  discusion. 

The  ire  of  the  writers  is  aroused  on  page  542  because  of 
the  adoption  of  mill  practice  in  calculating  the  weight  per  yard, 
and  the  curious  theory  is  advanced  that  a  constant  must  be  cal- 
culated for  each  width  by  eighths  of  an  inch.  It  is  enough  to 
state  in  reply  that  commercial  Avidths  of  finished  cloths  are  ex- 
pressed almost  exclusively  in  even  inches,  and  that  the  constants 
for  them  can  be  easily  stamped  on  the  die.  This  is  not  neces- 
sary, however,  as  each  grain  in  the  English  sample  is  equivalent 
to  1  ounce  per  yard  52^  inches  wide;  from  the  weight  of  the 
sample  in  grains  the  weight  for  any  width  can  be  calculated  by 
two  operations. 

We  have  already  observed  the  solicitude  of  these  writers  that 
the  basic  formulas  for  the  English  operations  should  be  reckoned 
for  each  problem.  On  page  542  is  found  their  application  of 
this  theory  to  metric  operations.  The  area  of  the  metric  sample 
(2  cm.  X  10  cm.)  and  its  weight  are  each  divided  into  halves  to 
begin  with.  One  half  is  then  stretched  out  to  10  times  its  length, 
and  the  weight  also  increased  in  the  same  proportion.  The 
weight  is  then  multiplied  by  140,  and  then  divided  by  10  to  de- 
termine the  weight  of  a  metre  of  cloth.  All  of  these  operations 
are  explained  in  detail  to  show  why  no  constant  is  required  with 
the  metric  system !  The  very  next  paragraph  leads  oflf  with  the 
self-satisfied  announcement  that  ^*  it  is  hard  to  see  wherein  the 
metric  system  would  suffer  if  due  credit  had  been  given  at  proper 
points  for  figures  where  only  results  are  shown."  Such  a  vibra- 
tory state  of  mind  can  be  explained  only  on  the  theory  that  the 
chief  instructor  wrote  alternate  paragra])hs,  leaving  the  assistant 
to  fill  the  gaps. 

A  desire  for  information  is  expressed  on  page  543.  For  an  ex- 
tended explanation  of  the  origin  of  weights  and  measures  they 
are  referred  to  the  report  on  the  metric  system  made  to  Con- 
gress in  1821  by  John  Quincy  Adams.  Xot  only  the  English 
Avords,  yard,  foot,  and  ell,  and  the  French  pas,  coudee,  pied, 
palme,  pouce,  and  doight,  but  the  sizes  also  of  these  units  prove 
they  were  originally  based  on  the  dimensions  of  the  human  body. 
The  sizes  of  the  units  of  weights  and  measures  are  preserved  by 
bars  or  blocks  of  metal,  the  dimensions  of  which  are  equally 
arbitrary,  whether  based  on  the  foot  of  Henry  I.  (as  is  said  to 
have  been  the  case  of  the  English  foot),  or  on  an  approximation 
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of  tJjo  ten-niilliontb  part  of  tbe  distance,  via  Paris,  Ijetween  a 
vibrathig  line  and  a  movable  point,  wbich  man  can  a]>parent]y 
ri*aeli  as  easily  as  be  can  now  find  the  foot  of  tbo  English 
kin^. 

The  reference  on  page  543  to  John  Quincy  Adams  shows  the 
change  of  front  on  the  part  of  the  itietricists  since  Adams'  opin- 
ions on  tlie  metric  system  were  made  plain  by  Mr.  UaLsey's 
paper.  While  Adams'  rejwrt  was  buried  out  of  sight  in  the 
archives  of  tbe  government^  or  found  only  with  the  greatest 
diiUciilty  in  our  leailing  libraries  and  on  the  dusty  shelves  of 
second-hand  book  stores,  it  was  the  fashion  to  hold  it  up  as  a 
*' classic  in  metrology j"  to  quote  single  phrases  from  it,  and 
omit  entire  qualifying  paragraphs^  to  say  tliat  *^Mr*  Adams  ad- 
vised delay  until^.''  Now,  when  it  has  been  shown  that  John 
Quincy  Adams  opposed  the  introduction  of  the  metric  system 
into  tbe  United  States,  and  that  he  believed  decimal  numbers 
were  '*  not  adequate  to  tbe  wants  of  man  in  society,^'  wby,  John 
Quincy  Adams  is  a  bat*k  number  I  On  the  s^ime  page  is  announced 
the  discovery  of  some  "admissions,"  made  by  I'Ciuling  *^  English 
versus  Metric,*'  "  partially."  Ileatling  ''  partially  *'  is  a  favorite 
exj^edient  in  advocating  the  metric  cause,  but  is  it  worth  while? 

On  page  543  api>ears  the  confession  that  840  yards  *^  prob- 
ably ^^  is  tbe  genendly  accepted  stiindard  for  cotton  in  this  coun_ 
try.  "WTiy  not  say  plainly  that  it  not  only  w  the  only  cotton 
standard  used  in  America,  but  is  the  con  trolling  standard  in 
eveiy  community  on  eartb  where  raw  cotton  is  spun  into  yarn? 
A  little  book  or  samjile  card  received  a  few  weeks  ago,  published 
in  IkyreutlK  Germnnyj  by  Otto  HoUzhausen^  showed  14  lengths 
of  white  cotton  yiirn^  ranging  from  Ko,  G  to  Ko,  4-5,  mounted 
on  a  black  ground  with  the  number  above  each  one.  In  the  few 
r*xpianMtory  words  attached  ap]K^ars  this  aentence:  ^' Die  Num- 
intern bczcichnung  ist  die  Englisc^be, "  (The  counts  are  English.) 
Tills  collection  is  issued  for  sale  to  German  manufacturers  and 
merchants.  Professor  Crosby  cannot  find  one  American  cotton 
manufacturer  whose  idetis  of  yarn  sij^es  are  not  expressed  exactly 
by  this  German  curd.  Let  him  take  it  to  England  and  he  wiU 
find  every  one  of  tbe  46,000,000  cotton  spindles  there  spinning 
varn  by  tbe  standard  of  this  Bayreuth  card.  Take  it  to  Franco 
an<l  be  will  liud  the  French  spinners  wntb  their  minds  muddled 
by  the  use  of  both  the  English  system  and  a  French  system, 
which  is  not  metric,  but  all  acquainted  witli  the  English  numbers 
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on  the  card.  Let  him  carry  it  back  to  Grermany,  where  it  was 
published,  then  to  Switzerland,  Holland,  Belgium,  Austria,  Italy, 
Spain,  and  Kussia,  and  he  Avill  find  the  spinners  in  these  coun- 
tries using  and  jH^rfectly  familiar  witli  its  standard.  Journey 
still  further  around  the  globe,  and  in  India  he  will  find  the 
5,000,000  spindles  there  spinning  cotton  yarn  by  the  same  stand- 
ard and  at  less  cost  than  in  any  other  place  on  earth.  Go  still 
further  until  China  is  reached;  open  the  German  card  and  the 
almond  eyes  of  the  celestial  cotton  spinner  will  brighten  in  recog- 
nition of  its  numbers  and  sizes.  Passipg  northward  to  Japan  he 
w411  find  that  the  card  likewise  indicates  the  sizes  of  Japanese  yarn. 
Let  him  now  cross  the  Pacific  to  his  home  in  Lowell,  and  there 
he  will  still  hear  the  same  monotonous  story.  Every  Lowell, 
every  American  cotton  mill,  is  spinning  cotton  yarn  by  the  840 
yard  standard  of  this  German  card.  He  has  travelled  around  the 
globe  and  found  it  to  be  the  world's  standard.  "End  there  is 
none,  lo,  also,  there  is  no  beginning!  "  Nowhere  can  he  escape 
from  it  unless  in  the  class-room  of  his  own  school. 

If  the  same  journey  be  made  with  the  500  yard-pound  worsted 
base,  which  is  the  only  one  used  in  America,  it  will  be  found  the 
exclusive  standard  in  the  British  Empire,  and  a  leading  one  in 
Continental  Europe. 

Turning  to  the  remarks  on  page  543,  we  find  equally  mislead- 
ing statements.  Other  textile  materials,  such  as  cotton  or  wool, 
are  received  by  the  spinner  in  the  form  of  a  tangled  mass  that 
is  first  converted  into  a  coarse  sliver  or  rope,  which  each  succes- 
sive process  up  to  and  including  spinning,  makes  finer.  With 
silk  the  operation  is  reversed.  The  silkworm  spins  the  silk 
filament  to  an  extreme  fineness,  which  measures  on  an  average 
about  1,100  miles  per  pound.  In  this  form  it  is  too  fine  and 
delicate  to  be  woven.  The  first  process,  therefore,  is  to  double 
and  twist  a  nuni]>cr  of  the  cocoon  filaments  together  by  a  pro- 
cess called  reeling,  which  is  carried  on  where  the  silk  is  raised. 
This  reeled  silk  is  the  ''raw  silk"  of  commerce  and  the  raw 
material  of  our  silk  mills. 

It  is  still  tDo  fine  for  weaving,  and  passes  through  several 
processes  of  doubling  and  twisting,  which  convert  it  into  what 
is  called '' thrown  silk,"  each  oj)eration  increasing  the  size  and 
Aveight  of  the  yarn.  The  fact  that  a  fibrous  mass  like  cotton  or 
wool  is  successively  made  finer,  while  silk  is  made  coarser  during 
conversion  into  yarn,  explains  why  the  system  of  yarn  number- 
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ing  for  one  is  directly  opposite  to  that  for  the  other.  Wlien  the 
process  makes  the  strand  liner,  a  fixed  weiglit  and  a  variable 
length  are  used;  when  the  strand  grows  coarser  as  with  silk,  a 
fixed  length  and  a  variable  weight  form  the  basis.  With  both 
systems  the  number  increases  as  the  process  of  manufacture  ad- 
vances. From  tliis  it  is  easily  seen  why  the  "  s])un  silk  "  yarn, 
which  is  made  from  the  tangled  mass  of  waste  silk,  is  numbered 
by  the  cotton  and  not  by  the  silk  system. 

The  Lowell  writers  st^ite  that  three  different  systems  are  used 
in  America  for  raw  silk.  This  is  a  mistake;  they  confuse  raw 
with  thrown  silk.  The  following  statement  is  by  a  ])ractical  silk 
manufacturer  who  buys  raw  silk  and  converts  it  into  cloth,  James 
Chittick,  Clifton  Silk  Mills,  Weehawken,  Xew  Jersey: 

Regarding  the  various  systems  for  denoting  the;  sizes  of  raw  silk,  I  would  say 
that,  while  different  methods  of  more  or  less  iiKTit  have  been  proposed  and  adopU^d 
from  time  to  time  (the  last  one,  I  believe,  being  arranged  at  the  recent  Paris  Ex- 
pofiition),  yet  in  this  market  (New  York)  at  any  rate,  there  is  little  use  in  consid- 
ering anything  except  the  old  system  based  on  n»elings  of  47()  metres.  This  is  the 
only  one,  practically,  in  which  !:)iisines.s  is  transacted.  All  the  letters  and  cables 
from  Europe  and  Asia,  all  the  reports  of  sales,  crops  and  conditions,  all  the  con- 
ditioning houses,  every  one  in  fact,  uses  this  system  in  their  talk  and  in  their  trad- 
ing. 

This  476  metre  or  520  yard  basis  is  simply  the  metric  equiva- 
lent of  i  of  an  ancient  French  length — 0,0()()  aiines,  of  which  the 
weight  in  deniers  (an  old  French  coin)  indicates  the  number  of 
the  silk  yarn. 

The  French  have  tried  in  vain  to  change*  this  denier-aune 
standard,  nntil  at  the  Paris  Mc^tric  Congress  of  1!Hm),  tliey  ac- 
knowledged defeat,  abandoned  the  nieti'ic  standards  which  no 
one  would  use,  and  adopted  the  nictric  ccpiivalont  of  the  (hMiier 
— 400  aune  basis  (which  is  (lcnu-(lecigra]nnio-4,"}(>  metres),  sugar- 
coating  tlie  dose  with  the  ])retenc(»  tliat  tlioy  thus  reached  a 
metric  basis.  Knowing  that  tlu*  trnde  would  not  use  the  out- 
landish word  'Slenii-decigranune/'  they  actually  abandoned  the 
sacred  metric  nomenclature  and  called  the  demi-decigrammo  a 
denier. 

A  few  extracts  from  the  proceedings,  showing  how  the  nn^tric 
system  was  abandoned  by  its  friends  in  the  i)lac(^  of  its  ])irth  in 
1900,  may  not  conn^  amiss  at  this  point  for  thosc^  wlio  ])ro])()S(» 
that  all  raw  silk  coming  from  foreign  ])arts  shall  be  numbered 
by  the  decimal  system  in  America.     r>ear  in  mind  that  the  use 
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of  450  metre,  Italian  system,  in  place  of  1,000  metres  is  the  use 
of  /^  in  place  of  ^V  ^^^^  ^^^  com])lete  abandonment  of  the  decimal 
basis,  notwithstanding  the  statement  to  the  contrary  in  the  Paris 
resolution  which  follows.  The  450  metres  is  simply  the  metric 
equivalent  of  an  old  length  originally  expressed  in  aunes. 

M.  Chamonard,  Page  35.  Silk.  There  is,  to  be  sure,  considerable  apparent 
confusion  in  the  measures  used  in  thti  various  silk  markets.  In  France,  in  spite 
of  the  law  of  1866,  the  denier  (.0531  grams)  -.476  meters  is  used;  in  Germany,  the 
Turin  syst<^m  denier  (.05336  grams)  -476  meters;  in  Italy,  the  denier  (.05  grams) 
-450  meters.  But  th(»se  local  measures  which  seem  very  diverse  are  nearly  equiv- 
alent. Thus,  20  denier  Italian  corresponds  to  19.80  denier  French  and  to  19.90 
denier  Turin.  Now  the  new  numbers  proposed  (but  not  adopted  by  this  Con- 
gress) will  be  11  per  cent,  higher;  a  20  denier  Italian  would  be  22.20  by  the  new 
method. 

Lyons  stated  frankly  the  terms  on  which  it  would  "adopt" 
tlie  metric  system  in  these  words: 

M.  Chamonard,  Page  35.  The  system  which  these  two  Lyons  Chambers  pro- 
pose is  practically  the  use  of  a  ticket  on  which  the  weight  in  demi-decigramms  per 
500  meters  will  be  reduced  to  the  local  syst<»m  of  each  country. 

Hear  the  pathetic  appeal  of  that  lost  sheep,  the  waste  silk 
spinner.     Page  44: 

M.  Strohl.  I  am  a  spinner  of  wasUt  r^ilk  and  I  pray  that  something  be  done  for 
us.  If  I  go  the  cotton  section,  they  tell  me  that  my  line  d(M^s  not  concern  them; 
if  I  go  the  wool  section  which  has  the  metric  system,  they  likewise  t<'ll  me  that  I 
am  not  in  their  line,  and  so  I  come  to  you  to  ask  that  you  support  the  1,000  meter- 
kilogramme  for  spun  silk. 

Now  come  the  resolutions  l)y  tli(3  Paris  Metric  Congress  as  to 
numbering  silk.     Page  43 : 

M.  Testinoire  read  the  following  resolutions: 

Wliereas:  The  ofiicial  French  numbering  for  silk,  defined  by  the  law  of  1866 
has  never  been  used  in  the  silk  trade,  and, 

Whereas:  The  only  systems  in  us(^  are  the  Lyons,  used  in  the  T^nit<'d  States, 
France  and  Japan  ;  the  Italian  nsvd  in  most  of  the  other  silk  countries,  notably  in 
Germany,  Austria,  Italy  and  Switzerland,  and, 

]\'hrre(is:  It  is  important  while  seeking  unification  on  metric  and  decimal  bases 
to  take  into  account  the  customs  of  the  different  silk  markets,  and, 

Whercds:  The  dilTerence  b(»tween  the  two  above-named  systdns  is  negligible, 
therefore, 

Resolved:  That  the  Italian  system,  which  is  metric  and  decimal,*  be  adopted 
l>y  all  nations  as  the  international  standard. 

Adopted  unanimously. 

*  It  is  not  decimal  and  no  mon*  metric  than  it  is  English  or  Chinese.  As  well 
might  we  convert  the  1000  meter-kilogrannne  into  a  -195  yard-pound  syst^^n 
and  call  it  English. 
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In  other  words: 

Wfiereas:  Water  will  not  run  up  hill  at  our  command,  therefore, 
Resolved:  That  that  water  shall  in  future  run  down  hill. 

The  light  is  breaking  when  a  system  of  weights  and  measures 
is  adopted  at  Paris  because  it  is  in  general  use.  Fortunate,  in- 
deed, would  it  have  been  for  the  unification  of  the  world's  weights 
and  measures  if  this  princi])le  had  been  recognized  in  Paris  110 
year  ago  by  making  the  French  metre  36  inches  and  the  French 
pound  16  ounces. 

In  some  of  our  large  silk  mills  when  raw  silk  is  converted  into 
woven  cloth  the  denier-aune  or  its  English  equivalent  is  retained 
until  the  yarn  becomes  cloth  which  is  then  measured  by  the  yard. 
With  such  exceptions  the  only  English  standard  for  thrown  silk 
deserving  any  attention  is  based  on  the  weight  in  drams  of  1000 
yards.  That  the  dram  1,000  yard  base,  which  is  the  standard 
for  this  country  and  Great  Britain,  has  invaded  even  France, 
is  shown  by  the  following  extract.  Paris  Metric  Congress. 
Page  33: 

M.  Persoz.  The  English  dram  system  is  used  also  in  the  (klais  district  in  the 
machine  lace  industry. 

The  two  following  letters,  one  Irom  Messrs.  Cheney  Bros., 
South  Manchester,  Conn.,  the  leading  silk  manufacturers  of  this 
country,  and  the  other  from  Charles  H.  Knapp,  Patorson,  N.  J. 
builder  of  silk  reels  and  scales,  show  what  American  silk  stand- 
ards are  to-day : 

SoiTH  Maxchkstkk,  (V)N>'.  JdHuarii  27,  1903. 
Dear  Sir: 

Your  letter  of  January  2(\  is  rcrcived.  The  system  of  nuinhcriri^  silk  to  which 
you  refer,  as  using  2(),0(K)  yards  to  an  ounce,  is  one  which  is  unfaiuiliar  to  us.  We 
do  not  remember  to  have  ever  seen  it .  The  dram  \)er  1, ()()()  yards  system  was  es- 
tablished in  the  days  before  the  invention  of  the  Grant  Heel,  when  skeins  were 
generally  reeled  1,()0()  yards  in  len<:th  and  the  size  could  b(;  d(»termined  by  weigh- 
ing the  skein.  This  is  no  lonpT  true,  since  the  introduction  of  the  Grant  Reel, 
the  skeins  being  made  nuich  hir^er,  but  the  system  is  still  used  to  designate 
thrown  silk  by  a  great  many  manuracturers,  cliieHy  for  trams. 

The  denier  system  is  almost  universally  used  on  raw  silk.  We  use  it  for  thrown 
silk  as  well,  trams  and  orjj^anzines.  In  thrown  silk  this  system  is  in  quite  general 
use  for  designating  the  size  of  orjrnnzine.  but  very  much  less  frecjuently  for  tram. 
One  dram  is  equivalent  to  17  I-IO  d(^ni(T.  Tlicre  is  a  comi)arative  yarn  tabic 
which  was  first  published  in  Scotland  a  good  many  years  a^o  and  has  since  been 
used  in  most  of  the  books  of  calculation.     Il  can  bi'  found  in  tlie  pamphlet  pul>- 


568  THE   METUIC    SYSTEM. 

lished  by  the  Silk  Conditioning  House  in  New  York  and  also  in  the  Silk  Calculator, 
published  by  John  J.  Ruegg,  Paterson,  N.  J. 

The  20,000  yard  per  ounce  system  is  not  recognized  in  these  tables. 

Yours  truly, 

(Signed)  Cheney  Bros. 

Patersox,  N.  J.,  January  29,  1903. 

Dear  Sir: 

Yours  of  the  28th  at  hand.  I  do  not  know  of  any  standards  for  thrown  silk 
other  than  the  dram  1,000  yards.  Thrown  silk  i.s  bought,  sold  and  talked  about 
as  such  a  dram,  ''organ"  or  "tram"  silk,  the  1,000  yards  being  always  under- 
stood. 

Very  truly  yours, 

(Signed)  Chas.  H.  Knapp. 

The  ounce-20,000  standard  which  is  bothering  the  Lowell  in- 
structors is  not  known  to  these  authorities.  If  we  follow  Pro- 
fessor Crosby's  advice,  this  dram  1,000  yard  standard  will  be 
abandoned  for  a  demi-decigranime  (denier)-450  metre  base,  all  in 
the  name  of  simplicity  and  uniformity.  How  does  he  propose 
to  make  the  change  ?  Why,  what  the  bayonet  has  failed  to  do 
in  the  mills  of  France  is  to  be  done  in  our  mills  by  teaching  the 
children  in  the  schools. 

Outside  of  the  silk  industry,  for  which  a  separate  system  of 
numbering  is  required,  the  Lowell  instructors  have,  by  counting 
one  standard  (300  yards)  twice,  succeeded  in  reaching  a  total  of 
8  systems  of  yarn  numbering,  which  they  assert  are  used  in  this 
country.  Five  of  them  are  credited  to  the  carded  woolen  branch. 
Of  these  five  the  20  yard-grain  method  is  not  a  system  of  yarn 
numbering  at  all.  It  is  one  of  many  methods  of  weighing  used 
principally  in  knitting  mills  where  the  count  of  yarn  does  not 
play  so  imix)rtant  a  part  in  technical  calculations.  !Not  only  the 
20  yard  length,  but  also  0^,  12.},  25,  50  and  100  yards,  are  used, 
in  fact,  any  length  that  suits  the  weigher.  These  methods, 
which  are  based  on  a  fixed  length  and  variable  weight  (as  for 
silk),  are  sometimes  used  for  indicating  the  size  of  very  coarse 
yarn  and  slubljing,  for  Avhich  the  ordinary  fixed  weight  and 
variable  length  system  is  unsuital)le.  These  exceptions  would 
occur  with  the  metric  or  any  otlier  system. 

I)y  sc]'a])ing  tliis  country  and  Canada  with  a  fine-toothed  comb, 
oth(M'  woollen  systems  than  the  two  first  mentioned  (300  and  1,600 
yards)  might  be  found  in  isolated  Aveaving  mills.     I  do  not  say 
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they  can  be  found,  for  in  a  continuous  service  of  nearly  twenty- 
five  years  in  manufacturfng  woollens,  only  the  1,600  and  the 
Philadelphia  300  yard  skuidLird  w^ere  encountered*     The  others, 
if  they  are  to  be  found  on  this  continent^  are  of  no  signifieanoe. 
The  Ameriraii  yarn  standards  for  the  weaving  industry,  exclu- 
sive of  silkj  are  four  in  number,  ob  explained  early  in  thb  paper. 
Every  one  of  thera,  as  well  as  every  one  of  the  eight  (counting 
one  twice)  nieutioned  by  Professor  Crosby,  is  iMised  on  the  Eng- 
lish yard -pound.     Assume  tlie  existence  of  these  eiglit,  however, 
square  tliem  ami  multiply  the  product  by  Kh  scatter  the  result- 
ing (340  at  random  through  the  cotton,  woolIeUj  worsted  and  linen 
mills  of  America,  and  the  eiT^t  would  be  simplicity  itself  com- 
jmred  with  the  concurrent  use  of  two  systems  based  on  incom- 
mensuralile  units  such  us  the  yard-pound  and  the  kilogramme- 
metre,  which  paralyze  calculations  with  such  problems  as  the  con* 
version  of  yarn  gauged  by  skeins  of  708 JM>  metres  j>er  458,59 
grams  into  yartls  and  pounds  of  cloth.     Page  543  treats  both  of 
yarn  numbering  and  of  the  law.     Tlie  theory  that  the  vast  and 
complex  indui^tries  of  the  country  are  to  be  hypnotized  into  adopt- 
ing the  metric  system  by  seeing  it  forced  on  a  few  helpless  gov- 
ernment employes  is  certairdy  new.     The  failure  of  a  century  of 
dinxU.  eoinpulsory  law  in  FruTice  ought  to  be  a  lesson  to  Ameri- 
cans, for  whom  the  power  of  law  over  weights  and  mejisures  was 
thus  delined  by  John  (juincy  Adams: 


Tlifxec  purposes,  regybition  of  weights  i%nA  ll^nasllrt^s,  Iiowt^ver,  require  pow<?is 
wiiich  no  le^slator  has  hithnrlo  dwii  frmtifl  U>  ^KMi^'m.  The  p<Dwi»r  of  tht?  le^^a- 
latcir  i^  hmitjpd  by  tht?  <*3ttcut  of  hb  tt'rritories  luid  tht*  ritunbora  of  hi?^  jieople.  The 
prini'ipli'  of  univctsaUty^  tlwri'ffiK',  cannot  hr^  riLide  by  the  mere  agency  of  hi» 
powiT,  if*  i'xU^nd  hityoiid  the  Inhttbitaiits  of  his  own  p>i*#s,^iori8.  The  pM>wi?r  of 
iIjp  k'gi^^liittir  |H  hniilx'd  ov^^r  1  jnic.  He  m  Uiihle  to  elmrigi.*  his  own  purptsi^J.  He 
M  tiol  infiilhiibk*;  bf^  i^  Uable  to  tnlsttike  the  means  oi  tt(T*«eting  \m  own  ohjoets. 
Hf"  h  nut  inmiortnl;  hl^  t^ufeesaor  sycTe(?ds  lo  his  powor  with  tli(Ti*ri^nt  vjew^j,  dif- 
(erpjit  opitiitrnii,  nnd  per!uips  diPfcri*nt  prinr*ipjf's,  The  IrgMlator  hsis  no  pi>wer 
GVfT  ihr*  proptTtifs  of  matUT.  He  eiinnnt  give  a  now  const  Hut  ion  to  ri^iture.  Hv 
miinot  fpi^erd  her  law  of  univt^r^l  mul-aljUity,  He  cannot  aquare  the  ciit^lo.  He 
c^Annor  redure  ext^^osion  iind  gmvity  In  one  coinnvon  nieivfifure.  He  cannot  Jivide 
orniultifily  ihe  piirl'^  of  thi'  Ktirfiir*%  If  if  etibe  or  the  sphere^  by  thp  unifonn  and 
exelti^ve  number  U^n*  l*he  power  of  the  legL^l^tor  is  iimited  over  Ibe  wiil  fttid 
aetlTHis  of  hifl  sybjei/t**.  FIih  eonfliet,  wlih  them  \n  de^^perate,  when  hf*  ronn- 
terurti*  their  *^^t*led  fmbiti?,  their  est abh^ilied  Ullages, their  doniestie  luid  inth  vitiuid 
eeonorny,  ih*  ir  ij^nnmnee^  their  prejvidiee.«j  and  thtnr  want^;  all  whieh  is  unavoiij- 
abh  in  the  att*'mpt  radically  to  change  or  U>  oilginate,  a  totally  new  s>*stem  of 
weights  mid  measures, 
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At  the  metric  hearing  the  Congressional  Committee  were  duly 
impressed  with  the  following  testimony  of  Professor  Crosby: 

If  it  is  of  interest  to  you  I  can  exhibit  the  details  of  a  problem  in  cloth  analysis, 
done  both  by  the  ordinary  and  by  the  metric  systems.  In  the  case  of  the  former 
several  sheets  of  paper  are  required  to  contain  the  figures,  while  in  the  metric 
system  but  few  figures  are  necessary.  .  .  .  One  afternoon  I  asked  him  (my 
head  instructor)  to  make  me  sample  calculations  both  on  the  metric  and  the  Amer- 
ican systems.  Without  any  special  preparation,  other  than  ascertaining  the  con- 
stant relation  between  metre  and  yard,  pound  and  kilogram,  he  returned  to  me  in 
the  morning  these  calculations  to  which  I  have  referred. 

The  Chairman, — Have  you  got  that  work  here? 

Professor  Crosby. — I  have  it  in  my  notes  and  shall  be  glad  to  put  it  on  record  if 
you  wish.  The  ease  and  rapidity  of  calculation  as  compared  with  the  present 
system  in  actual  use  is  greater  than  any  of  us  had  thought  for.  I  can  furnish 
many  other  illustrations,  if  desired,  along  this  same  line. 

The  promised  figures  were  not  included  in  the  report  of  the 
hearing.  Every  effort  to  secure  a  copy  of  them  failed,  although 
the  friends  of  the  metric  system  were  exultingly  pointing  to  this 
testimony  as  proof  that  the  metric  system  would  be  a  great  aid 
to  the  textile  industries. 

An  experience  of  nearly  twenty-five  years  in  textile  mills  has 
shown  that  calculations  by  the  English  system  for  cloth  analysis, 
carried  no  matter  how  far,  do  not  necessitate  filling  several 
sheets  of  paper  of  ordinary  size  with  figures,  and  to  demonstrate 
that  fact  the  method  used  continuously  for  years  Avas  illustrated 
by  practical  examples  in  '"  Is  It  AVortli  While?  "  and  "  English 
versus  Metric." 

In  the  Lowell  example  the  first  thing  that  meets  the  eye  is 
the  loom  Avidth  of  the  goods;  English,  »^1^  inches;  metric,  8  deci- 
metres. It  may  be  well  to  explain  that  cloth  is  made  wider  in 
the  loom  than  when  finished,  to  allow  for  the  shrinkage  in  finish- 
ing, the  difference  varying  widely  with  different  fabrics.  This 
loom  width  must  be  adjusted  with  extreme  care  that  not  only 
the  final  width,  but  also  the  weight,  '"  handle  "  and  finish  of  the 
goods  may  be  right.  A  difference  of  an  inch  in  the  loom  width 
may  mean  the  difference  between  the  success  and  failure  of  the 
fabric.  I  remember  a  case  where  marking  the  loom  width  3-|^ 
inches  more  than  it  should  have  been,  by  a  designer  in  copying 
a  draft  sent  to  a  branch  mill,  filled  that  mill  with  tender  and 
unmerchantable  goods. 

The  practice  in  mills  is  to  express  loom  widths  in  tenths  of  an 
inch  by  the  English,  and  in  centimetres  by  the  metric  system. 
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One  of  the  defects  of  the  metric  system  in  textile  manufacturing 
is  found  here.  The  centimetre  (^  inch)  is  too  large  for  the  unit 
of  width.  The  millimetre  is  too  small,  and  necesitates  the  use 
of  four  figures  to  express  the  widtlis  of  must  cloths.  The  tenth 
of  an  English  inch  is  the  ideal  unit  for  this  purpose.  The  ox- 
pressioti  of  the  width  iu  even  units j  each  four  inches  long  (deci- 
metres) in  the  Lowell  exanipte,  stamps  the  Lowell  fabric  as  sup- 
posititious, ilesigned  to  serve  the  purposes  of  the  comparison. 
The  centimetre  is  too  large  to  express  the  loom  width ;  the  deci- 
metre for  this  purpose  is  simply  impossible. 

The  next  feature  to  arrest  the  attention  is  the  extension  of  the 
weight  ])er  yard  to  the  ten  thousandth  of  an  ounce.  The  weight 
per  yard  of  such  goods  as  the  Lowell  fabric  h  su5>i»osed  to  be  is 
exi)ressed  in  tenths  of  an  ounce.  It  is  usual  to  allijw  for  an  un- 
avoi<Iable  fluctuation  of  at  least  one-half  ounce  i>er  yard  in  the 
pieces  as  they  come  from  the  millj  yet  in  the  Lowell  English  lay- 
out a  difference  of  less  than  ^^  of  a  grain  per  vaM  is  calculated. 
The  practicid  character  of  the  Lowell  example  can  be  judged 
from  the  fact  that  it  would  retjuii^e  160,000  yards,  or  over  1*0 
miles  of  cloth  to  make  this  difference  txjual  a  ]>ound.  Eoraember 
tluit  tins  fabric  is  offered  as  an  example  of  metric  consistency. 

Turning  to  the  metric  lay-out,  we  find  the  w^eight  per  metre 
expressetl  in  hundredths  of  a  gram  (about  ^  of  a  grain).  From  a 
pmctical  point  of  view  i  of  a  grain  per  yard  of  cloth  is  just  as  pre- 
posterous as  ^^.  The  two  may  be  likeneil  to  indiciiting  the  dis- 
tance between  Lowell  and  Boston  in  niillimetresand  in  centimetres. 
The  ideal  unit  wUli  which  toexpi^ss  the  weight  per  yard  of  cloth 
is  the  English  ounce  divided  into  tenths,  and  there  u  na  metHe 
nnit  thid  erai  approminaitly  eorrv^jnmda  to  iL  The  gram  {^V  <^f 
an  ounce)  is  too  small;  the  dekagram  {^  of  an  ounce)  is  too  large. 

In  the  form  in  which  the  proljlems  appear  in  the  Lowell  paper 
no  opportunity  is  given  to  compare  the  different  methods  of  cal- 
culations, in  fact,  one  loi>ks  about  as  complicated  as  the  other, 
L  therefore,  annex  thes^e  Lowell  prableuis  worke<l  out  in  full  by 
thr^e  methods,  Lowell  Eiiglislu  Lowell  metricj  and  my  o\s^n 
.mill  practice.  In  the  last-named,  no  other  principles  haye  been 
applied  than  those  explained  in  this  pa{>er.  The  calculations 
tell  the  following  story : 

Iklill  Englbh  requir«?Q  160  figures^ 
Lowell  nietric  re<|iurc9  245  fl^iire^- 
LoweU  English  requires  223  iigurea.. 
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Of  the  metric  figures,  90  are  nsetl  for  the  final  reduction  j  so 
that  the  metric  done  would  require  155  figures. 

The  metric  system  in  the  Lowell  Textile  School  has  enabled 
the  student  to  accomplish  \\'ith  M5  figures  what  he  couhl  ilo  with 
100  by  the  iiiill  English  method,  or  with  *22;J  figures  even  by  the 
very  elementary  forniuia.s  of  the  Lowell  English  calculations* 

These  compai^ative  tests  of  the  English  and  the  metric  systems^ 
like  the  problems  in  cloth  analysis  in  '^  English  versus  Metric," 
show  that  textile  calculations  can  be  ma<:le  more  easily  with  the 
English  than  with  the  metric  system*  They  show  that  the  sizes 
of  the  English  units  are  well  suited  for  the  practical  retjuirements 
of  textile  uieasurements-     They  also  show  that  neither  the  metri<$ 
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linear,  surface  nor  weight  units  are  suited  for  such  measui-enientej 
being  invariably  either  too  large  or  too  small  for  the  purpose. 

Why  should  an  ap])roximation  of  the  ten-millionth  part  of  the 
distance  from  the  equator  to  the  North  Pole  via  Paris,  succ<?ss- 
ively  muUipUed  and  divided  by  ten,  give  units  suited  for  the 
manufacture  of  textile  fibres  into  yarn  and  cloth  for  covering 
the  nakedness,  or  proteiUing,  or  adorning  the  body  of  man? 

The  claims  of  superiority  for  the  metric  system  in  textile  manu- 
faotnring  consist  entirely  of  generalizations.  Subjected  to  a 
practical  test,  basetl  as  in  **  English  versus  Metric|' *  on  a  sample 
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of  cloth  found  in  the  market^  the  metric  is  found  Uy  he  decidedly 
inferior  to  the  English  system.  If  the  comparison  is  madej  as  in 
tlie  I/>wdl  case,  under  imaginary  conditions  favoring  the  metric, 
the  sujieriority  of  the  Enfrlish  system  becomes  even  *iioi"e  mani- 
fest. If  practical  mill  men  have,  as  Frafessor  Crosby  asserts, 
<iemonstrated  the  superiority  of  tlie  metric  system,  the  public 
has  not  yet  been  let  into  the  secret.  As  to  juggling  ^:ith  flgnres^ 
the  reconl  si)eaks  for  itself. 

AVhatj  then,  is  gained  by  the  use  of  this  metric  method? 
Nothing-  WJiat  is  lost  in  addition  to  time  and  labor?  A  great 
deal,  not  the  least  being  the  loss  of  practice  by  the  student  in 
making  English  calculations  which  he  mast  use  in  the  mill.  An- 
other thing  that  is  U^st  is  the  clear  idea  of  the  relations  of  raw 
materials  and  finished  fabrics  to  the  size  numbers  of  the  yarn. 

It  shouhl  be  carefully  borne  in  mind  that  these  calculations  do 
not  sliow  the  chaos  that  I'e^nlts  from  the  use  of  the  two  systems, 
English  and  metric,  in  the  same  mill,  with  the  constant  oscilla- 
tion between  incommeusurable  units.  With  the  exception  of  the 
final  conversion  in  the  metric  process  these  calculations  are  either 
Enghsh  or  metric.  The  chaos,  or,  as  Herr  Muench-Ferber  ex* 
presses  it,  the  '*  ungodly  disorder"  which  is  caused  by  the  use 
of  both  the  yard-pound  and  the  kilogram me-metre  in  mill  work, 
IS  faintly  shown  by  Fro  wain's  estimate  of  cost  in  ''  English  versus 
Metric/*  and  still  better  by  French  and  German  technical  books 
and  journals. 

Following  the  calculations  comes  a  reference  to  a  Bradfonl 
conditioning  liouse,  A  conditioning  house  is  not  a  milh  In  it 
not  one  of  the  processes  by  which  raw  material  is  converted 
into  cloth  is  c^irried  on.  The  materlai  is  received  and  delivered, 
certificates  being  issued  as  to  its  condition.  It  is  a  storehouse 
in  which  the  employes  deal  with  textile  fibres  in  a  state  of  rest. 
They  do  not  come  in  contact  with  the  problems  of  the  mill  as 
does  the  manufacturer-  Their  point  of  view  is  limited-  They 
are  not  in  a  i>osition  to  fully  recognize  the  needs  of  a  mill  or  the 
tlanger  of  interfering  with  mill  methods.  For  their  caleulationsj 
thus  restricted,  an  exclusive  decimal  system  is  sufficient,  as  it  is 
for  bookkeeping,  and  the  managers  of  conditioning  houses  are 
disposed  to  favor  an  exclusively  ilecimal  system  of  weights  and 
measures  for  the  same  reason  that  influences  men  whose  minds 
are  occupied  exclusively  with  accounts.  Decimals  alone  serve 
their  purposes,  and  they  think  it  is  the  same  with  everyone  else. 


574  THE   METRIC   SYSTEM. 

This  phase  of  the  question  was  well  illustrated  by  the  171 
Chambers  of  Commerce  throughout  the  British  Empire,  which 
declared  for  the  metric  system.  This  threw  the  Paris  Metric 
Congress  into  convulsions  of  joy,  on  which  the  English  delegate, 
Mr.  Crawford,  poured  cold  water  in  these  words.     Page  60: 

M.  le  president.     Cannot  the  171  Chambers  of  Commerce  do  anything? 

M.  Crawford  (English  delegate).  We  have  brought  the  subject  to  the  attention 
of  the  Chancellor  of  the  Exchequer,  but  he  replied  that  the  171  Chambers  of  Com- 
merce do  not  represent  the  country. 

One  solitary  mill,  making  cotton  warp  and  shoddy  filling  goods 
in  Batley  by  the  metric  system,  would  be  entitled  to  more  weight 
in  this  discussion  than  all  the  conditioning  houses  in  Europe. 

While  the  manager  of  the  Bradford  conditioning  house  is 
pegging  away  on  the  metric  system  with  a  tack  hammer,  the 
growth  of  the  only  three  great  undeveloped  nations  of  the  world, 
America,  Eussia  and  Great  Britain,  is  driving  English  units  into 
every  part  of  the  world  with  a  pile-driver. 

The  next  thing  touched  upon  is  the  report  of  the  yarn  trade 
of  India.  It  is  by  no  means  a  new  story,  having  been  circulated 
freely  during  the  past  year  by  advocates  of  the  metric  system  in 
all  parts  of  the  worhl.  In  substance,  the  claim  is  that  the  users 
of  silk  and  woollen  yarn  in  India  have  become  so  accustomed  to 
the  metric  system  of  numbering  yarn  that  they  will  have  no 
other,  especially  in  the  "  up  country,"  and  that  the  Indian  gov- 
ernment has  approved  of  the  importation  of  such  yarns  by  reason 
of  the  demand. 

Before  addressing  ourselves  to  silk  and  woollen  yarn  in  India 
it  is  well  to  state  that  the  hot  climate  of  that  region  makes  cot- 
ton and  silk  the  principal  materials  for  clothing  there.  Except 
in  the  hills,  wool  is  used  to  but  a  slight  extent.  India  is  both 
a  cotton-gi'owing  and  a  cotton-manufacturing  country.  Here 
are  oj)erated  5,000,000  si)indles,  producing  cotton  yarn  and  cloth 
from  the  cheap  cotton  with  the  cheap  Indian  labor,  at  a  cost 
that  has  driven  even  the  English-made  yarn  from  the  (Chinese 
markets.  Every  ])ound  of  this  yarn  is  spun  by  the  English  sys-  • 
tern  of  weights  and  measures. 

Another  fact  to  be  kept  in  view  is  that  every  pro])osition  to 
introduce  the  metric  system  into  the  British  Empire  has  con- 
tained an  exception  as  to  India.  One  reference  on  this  point. 
Paris  Metric  Yarn  Con^ifress.     Paire  CO: 
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M.  F,  Roy;  The  Engli;*}!  Chambers  o(  C<inimerce  that  ask  for  the  metric  83^1*- 
tcni  in  En^jljmd  make  an  exe**ption  nf  Iddiji,  where  they  declare  it  is  impossible 
t**  I'hangi'  lucal  bitbit^  without  gnml  distiirbance^ 

The  inortia  of  fMH}  iiiUliotis  of  Asiatics  sj>Iit  up  into  castes  and 
accQstomf^cl  to  their  own  and  tbo  Englisli  weights  ami  measures. 
is  tfto  miieh  even  fur  the  tlecimal  enthusiasm  of  171  Chambers  of 
Commerce.     The  Sepoy  Eebellion  is  not  yet  forgotten. 

We  can  dismiss  that  part  of  the  Indian  story  rehiting  to  silk 
yam*  The  metric  system  is  not  used  for  silk,  even  in  France, 
We  have  ab-eady  seen  how  the  Metric  Congress  at  Paris  adojited 
n  silk  system  J  partly  because  it  is  used  in  the  United  States. 

This  nurrtnvs  the  issue  down  to  woollen  yarn  in  India.  An 
examination  of  the  Official  Annual  Statement  of  the  Trade  of 
British  Imiia  with  Foreiga  Countries  for  the  year  ending  Marcli 
31,  Utoo,  ftdls  to  dischjse  a  rupee's  worth  of  woollen  yarn  im- 
jKjrted  into  India.  A  statement  of  imports  of  all  kinds  into 
InilJa  for  the  seven  months  ending  October,  1901,  likewise  con* 
tains  no  reconl  of  any  woollen  yarn.  There  were  hirgo  tjuanti- 
ties  of  ctJtkm  vai  u  and  cloUi,  raw  silk  and  silk  gotwls*  woollen 
piece  goods  and  shawls,  but  no  woollen  yarn.  With  the  desire 
to  run  the  story  down  if  ]>03sible,  the  files  of  the  fndhin  Textih 
Jourfiifl  were  searched,  and  under  the  date  of  September  15^ 
19u:i,  the  follo\ving  item  apjieared: 

]t  inay  h^*  nnt4.*d  itwil  at  Karnflii,  la-^t  yt'Hr,  the  ( 'oiler tor  of  Cnfltoms  reported 
«onte  t'onsifrmnents  of  \'urn  imported  were  marked  the  same  way  aa  Englbh  yarn, 
Imt  differeil  riJHtJ.rrially  from  tb'  Engli^Fi  atandard.  The  importers  alleged  ihat 
the  yam  wiwr  eptm  atid  nmrkt*cl  atTording  to  thr  metric  system  of  eounta. 

The  importers  *' alleged  '"it  was  metric  j  but  was  it  the  metric 
or  some  of  the  liB  ditTerent  Europcmn  systems  of  numbering  yarn 
that  were  nsc^l  for  this  jag  of  yarn  unearthed  by  a  customs  col- 
lector at  the  mouth  of  tlie  Indus  in  IthJl  ? 

Thero  are  a  nurnljer  of  errors  in  the  letters  from  which  Pro- 
fesHor  Crosby  t]Uoteg.  Mr.  Wolnaer'S  statement  about  *' prefer- 
cnoe"  •  for  metric  woollen,  worsted  and  silk  yarns  cannot  be  true 
as  to  silk,  and  is  contradicted  by  an  observer  in  India  as  to 
woollen  and  worstetl.  The  following  letter  is  from  a  man  on  the 
8]K)tj  who  quotes  from  the  oftichd  record,  and  ought  to  know  the 

facts: 

Bombay,  November  Bj  1902. 
To  ike  Editor  o}  Tt\i:tde  World,  Ro.^fon,  ^ffms, 
Dfifif  Sir: 

HeferHiig  to  your  inquiry  ol  ihi-  Gth  of  September^  the  Government  of  ladiii 
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have  now  no  objection  to  the  application  of  the  metric  system  of  marking  to  both 
silk  and  woollen  yarns, "  provided  that  the  manufacturers  follow  the  metric  system 
in  full,  qualifying  the  marks  with  the  words  'Continental'  or  '^^etric  system  of 
counts'  and  give  the  country  of  the  origin  of  the  yanis;  and  proWded  also,  that 
the  yams  marked  in  acccordance  with  the  British  system  are  admitted  freely  as 
heretofore."  The  syst<?m  itself  has  not  yet  made  any  headway  here,  neverthe- 
less, and  merchants  think  it  will  take  some  time  before  it  is  fully  introduced  into 
this  country.  Government,  of  course,  will  not  undertake  to  specify  particular 
weights  and  measures  until  experience  shows  what  is  best  to  adopt  for  the  country 
and  nmch  also  ^ill  depend  on  the  adoption  of  the  system  in  England  and 
Germany.  Yours  truly, 

(Signed)  S.  M.  Rutnagur, 
■Managing  Editor  of  Indian  Textile  Journal, 

Such  testimony  should  give  this  Indian  story  of  woollen  and 
silk  yarn  its  quietus.  Before  dismissing  the  subject,  let  me  call 
attention  to  the  statement  of  McDonald  &  Co.,  of  Karachi, 
India,  that  the  system  in  vogue  on  the  Continent  of  Europe 
(which  one  is  not  stated)  suits  the  Indian  looms  better  than  the 
English  system  does.  There  is  not  tiie  slightest  adjustment  of 
a  loom  that  is  in  any  way  affected  by  the  particular  system  used 
for  numbering  yarn.  Metric  reeds  would  be  required  if  the 
metric  system  was  used  for  the  cloth  (length  and  width)  as  well 
as  for  the  yarn,  which  is  surely  not  the  case  in  India.  But  a 
change  of  any  part  of  a  loom  to  suit  a  system  of  yarn  number- 
ing ?     Xever. 

The  cry  for  the  metric  system  to  help  our  foreign  tnide  is  next 
made.  A  single  fact  is  sufficient  to  prove  how  fallacious  this 
«l)peal  is.  England  to-day  dominates  the  textile  export  trade  of 
the  world,  with  goods  made  and  sold  by  English  units.  *Her 
exports  of  textiles,  added  to  those  from  India  and  the  United 
States,  all  made  by  English  standards,  amount  to  $425,000,000 
per  year,  as  compared  with  $;95, 000,000  exported  from  the  so- 
called  metric  countries,  France  and  Gemiany,  and  made  only 
partially  to  meti'ic  standards.  In  our  leading  foreign  market, 
riiina,  the  import  duties  on  textiles  are  levied  by  English  units. 
The  new  Chinese  tariff  has  within  two  months  been  published  in 
German  papers  for  the  benefit  of  the  German  exporters,  and  not 
a  single  reference  is  made  in  it  to  the  metric  system.  The  list 
covered  fifty-three  items.  The  rate  for  three  of  them  was  based 
on  the  Chinese  '^  catty  "  (1^  lbs.);  for  live,  the  rate  was  ad  valo- 
rem: while  on  all  the  otlier  forty-live  the  duty  was  levied  by  the 
Englisli  yard,  inch  or  pound. 
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H  a  foreign  customer  wants  goods  billeil  in  any  special  units, 
it  can  bt*  done  by  a  simple  process  of  conversion,  which  does  not 
interfere  with  manufacturing  processes.  Following  are  a  few 
extracts  from  the  proceedings  of  the  Paris  Metric  Yarn  Con- 
gi-essj  bearing  on  this  point.     Pa.ge  69: 

M.  F.  Roy.  In  ecrtiuiJ  of  our  Fr^nrh  eoloine^  the  metric  sysiem  hixn  not  \w<*:n 
mtradiiced*  It  is  nei(?es3ivry  to  prfA*fed  grfuhijill)'  iu\d  at  firsi  to  nmrk  the  ihiihIilt 
of  mrHros  besid*'  the  viinis  and  tli*'  niotrir  Ixy^kk*  tin*  Engliuli  niiinlipri. 

Ifciron  E^sriauU-IVlterie*  This  dilfjculty  (in  fonigii  trride)  hiis  bcjeaao1\*ed  in 
Pranci',  mwe  we  export  to  the  far  east  our  cloths  folded  by  the  yard,  although 
the  inetrir  ia  the  legal  ayatem  in  France, 

Professor  Crosby  himself  unconsciously  giTOs  an  object  lesson 
in  conversion  in  bis  metric  calculations, 

The  claiiu  that  a^Iopting  the  metric  system  would  help  us  to 
sell  yarn  aliroad  is  grutest|ue  in  face  of  the  f^ict  that  Germany 
has  lieen  forceil  to  atlopt  the  English  stantlard  for  levying  duties 
on  yam  because  German  manufacturers  use  that  standard.  The 
yarn  exporting  nations  are  labijring  under  no  such  delusions. 
Here  are  a  few  extracts  from  statements  made  at  the  Paris  Metric 
Tarn  Congress  of  PJUO: 

M*  Baron  Dmtoni,  Italy*  The  Italian  government  is  at  all  timea  favorahle  to 
t!ie  nse  of  the  rnelrie  system  in  ni(rnl>fTtii^  yjirn,  and  I  dnnbt  not  it  would  accept 
ininiediatt-ly  the  new  numlH^rH  for  Htatisit  ic.h  and  tariffs*  As  a  matter  of  fact»  we 
find  oiirselve«  in  tlu*  strange  situation  ttiat  all  of  our  cornmerre  ha  baaed  on  the 
English  s\'sli*m  of  nntnlicring  wliile  tlie  government  liaw  adopted  the  im^tric  sys- 
tt^ni.  Aft<*-r  pn-ceding  yarn  eonj^ressi^i?,  we  have  trif^d  to  introduce  the  metric  aya- 
teni  wiifiont  a  coni|>nl^>n''  law^  but  hi  dividual  aetion  was  not  suJficient.  There 
an*  diffic'iiltieii  til  the  way  of  a  eompvilsory  law:  for  «omo  timt*  pruit*  Italy  has 
tieen  an  exporting  eonntry.  An  importing  eonntn,-'  m»y  olilige  the  fiirt^ipini  ex- 
porters to  eonform  to  its  regulations.  But  ^ith  an  exporting:  nation  the  aft'yir  ia 
Rior*^  ditTienlt.  Ituly  has  no  colonies*  We  exjxirt  aljout  GO  uulliiin  (sie)  of  cotton 
yam  and  clt>th  to  fon*ip:n  eountrit'?.  and  we  coin  pet*?  ilireetly  with  Engl  and  t  and 
until  England  ehanges  we  entinot  hope  to  introduce  xl  new  system  in  the  Olent  or 
in  other  miirkels. 

It  is  neocflsary  to  rie^nemlwr  that  tiearly  alt  the  e7Cf>ort^  of  cotton  yam  are  from 
England*  and  we  can  do  nothing  ii'  that  country  does  not  adopt  tlii?  ffys^t^^m  we 
favor.  ,  ♦  *  ,  I'he  ditlieulty  will  alt\*a>'Ts  be  in  exporting  to  uncivili/^'d  lands 
wher»'  the  p-nplu  ha\'e  tteea  lu'cuBtonied  for  a  hundred  year^  to  English  tneaaurt^a 
and  numbi^r*  and  where  articles  of  eotton  arc  often  luied  as  eum^ncy, 

Eventhinj;  de^x^nds  on  Enplrtnd,  Our  ^ilk  weavers,  who  ur*;  the  only  mann- 
faeturers  importing  eomhed  cotlon  yiirn  in  line  numlx*rs,  find  theae  yarna  in  sti>ck 
in  SfaQf^iester  to  supply  their  waiil^;  they  would  protest  against  this  burden 
(elmnging  to  the  metric  system.) 

M.  de  Paehen  To  b#?Kin  with*  I  must  say  that  it  is  my  b<*lief  that  uniform  num- 
bing can  be  ubtained  in  all  countries  only  by  a  law  luadi:  compulsory  after  a.  1^1- 

S7 
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tain  date.  The  spinnera  who  should  begin  to  number  their  yam  according  to  the 
resolutions  of  this  Congress  before  the  old  numbers  were  prohibited  by  law,  would 
be  under  the  necessity  of  keeping  their  product  until  forced  to  sell  it  at  the  best 
price  and  an  incalculable  loss. 

We  have  followed  Professor  Crosby  to  the  end  of  his  paper, 
and  considered  his  arguments  as  well  as  their  genei'al  character 
permits.  In  the  textile  world  the  metric  system  has  no  reason 
for  its  existence.  There  are  three  objections  to  that  system,  any 
one  of  which  would  warrant  its  rejection  as  a  candidate  for 
international  favor: 

1.  The  size  of  its  units  are  not  suited  to  mill  work. 

2.  They  are  incommensurable  with  those  of  every  other  system 
on  earth,  which  makes  their  use  with  other  units  a  practical  im- 
possibility. 

3.  The  system  is  used  to  but  a  very  slight  extent,  its  partial 
introduction  in  Continental  Europe  having  served  only  to  make 
a  bad  matter  worse. 

On  the  other  hand,  the  English  system  is  a  real  international 
system,  used  for  probably  three-quarters  of  the  textile  work  of 
the  world  to-day.  Its  units,  commensurable  with  the  linear 
units  of  the  Russian  Empire,  are  certain  to  become  the  system 
for  the  undeveloped  portions  of  the  earth,  America,  Asia,  Africa 
and  Australia.  Finally,  these  English  units,  the  result  of  the 
industrial  evolution  of  untold  ages,  are  exceptionally  well  suited 
to  mill  work. 

There  is  one  thing  more  to  be  taken  into  consideration — the 
impossibility  of  our  changing  the  existing  standards,  even  if  it 
were  worth  while.  History  furnishes  no  record  of  a  language 
or  a  system  of  weights  and  measures  obliterated  by  arbitrary 
power.  Every  attempt  of  the  kind  has  only  emphasized  the 
weakness  of  man's  brief  authority.  The  use  of  languages, 
weights  and  measures  has  been  extended  and  restricted  only  by 
the  rise  and  fall  of  empires  and  peoples,  subject  to  a  higher  law, 
which  sets  congresses,  parliaments,  kaisers,  presidents,  emperors 
and  czars  at  defiance.  Even  when  languages  and  systems  of 
weights  and  measures  have  ap])arently  disappeared,  traces  of 
them,  like  the  fossils  in  the  rocks,  can  still  be  found  in  the  suc- 
ceeding languages,  weights  and  measures  of  the  Avorld,  to  show 
that  the  units  of  a  dead  past  form  the  structure  of  the  living 
present. 

With  these  conditions  so  plain,  one  cannot  restrain  a  feeling 
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of  admiration  for  the  jaunty  way  in  which  Professor  Crosby 
starts  out  to** change  everything,"  *' It  is  magniiicent,  but  it 
is  not  war.'*  InstincLively  it  recalls  Don  Quixote's  famous 
attack  on  the  ^rintlmiUSj  and  I  cannot  refrmn  from  addressing 
to  the  professor  the  words  of  Sancho  Panza  to  his  master  as  the 
latter  was  ul>out  to  charge  : 

*'  Lo*jkj  sir,  tbijse  which  appear  yonder  are.  not  g^ianta  but  windiiiills  ;  and 
what  aiH+m  to  l>e  antis  art*  the  saib*  wliich,  wliirled  about  by  the  wind^  make 
I  hi'  ndllstouf  go  J* 


Mi\  Paul  Lamoitiei\  of  Moseow  {by  invitation),— I  wish  to 
thank  the  American  Society  of  Mechanical  Engineers  for  send* 
ing  me  the  iiajier  by  Mr.  Halseyj  and  I  desire  to  avail  myself  of 
the  opportunity  to  correct  certain  of  his  statements-  He  says: 
^'Tliconly  effect  of  the  adoption  of  the  metric  S3'steni  in  both 
of  these  countries,  lias  been  to  add  a  new  set  of  units  to  the  old 
ones,"  On  the  contrary  this  has  had  effects  quite  different* 
1.  The  metric  numbering* of  yarns  replaces,  little  by  little,  the 
foi*mer  abitrary  calculations.  %  It  is  actually  the  system  most 
in  us©  in  Euroj)e,  3.  In  a  few  years  there  will  be  no  mention 
made  of  the  different  standards  of  Saxon3%  Austria^  Prussia, 
Sedan,  Elljitfuf,  Koubaix,  Keims,  etc.  The  questions  arising 
from  tliese  units  are  of  less  and  less  consequence  all  the  while. 

It  ap[jears  to  me,  on  the  other  hand,  that  it  should  be  statetl 
moreover  that  the  campaign  in  favor  of  the  universal  adojition 
of  tlio  nictric  system  iu  immbering  yarns  only  tlates  from  a  few 
yeiirs  back^  and  that  this  period  has  been  sufficient  to  render  this 
adoption  complete  in  a  conHidemble  number  of  establishments. 
The  Financh  numbering  for  cotton  is  based  on  the  metric  system, 
the  standard  being  1,000  meters  and  the  unit  of  weight  500 
gmms.  It  is  desirable  that  the  unit  of  weight  shoidd  be  1,000 
gramSj,  as  I  have  stated  in  the  article  to  which  you  refer-  If  this 
were  done  there  would  be  only  a  single  unit  for  all  textile 
materiah 

I  wish  the  American  Engineers  could  visit  Euro|ie  (exclusive 
of  England)^  and  through  all  the  industrial  cities  which  spin  or 
weave  cotton  and  wool  would  ask  the  following  questions: 
1,  1*0  you  use  the  metric  system  iu  your  calculations  and  in  the 
numbering  of  yarns?    *2.  How  da  you  find  it  in  practice? 

I  feel  in  a  position  to  answer  in  advance  that  the  adoption  of 
the  metric  systeon  would  impose  itself  on  the  United  States  us  it 
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has  already  iJirniosed  itself  on  the  textile  mdustry  in  Europe.  I 
have  said  that  it  was  absitrd^  moreover^  to  use  in  this  industry 
any  other  units  in  those  countries  where  tl»e  metric  system  is 
legalized.  I  repeiit  iU  The  most  difficult  thing  to  overcome  in 
tliis  matter  is  conservatism  and  ignorance,  but  progress  will 
rt^move  both  of  these. 

The  adoption  of  the  metric  systeju  does  not  complicate  calcu- 
lations; on  the  contrary  it  simpliHes  tlieni  if  one's  jutlgment  is 
based  on  a  broad  view  and  not  on  special  cases.  In  England  the 
opposition  coraes  principally  from  an  opinion  that  the  commerce 
based  on  the  texiles  would  suffer  when  it  changeii  This  is  an 
error.  In  the  first  phuie,  to  allow  competition  in  the  markets 
nothing  would  prevent  the  com{>eting  mitions  from  using  occa- 
sionally the  Knglissh  names.  This  is  what  (Germany  does.  Be- 
sideSj  I  will  cite  a  personal  example  to  show  that  this  contention 

is  not  justifieib     In  the  shop  of  Messi^.  M^^ we  use  cotton^ 

woolen  J  worsted  and  linen  yam,  spun  silk  and  organzine,  which 
are  the  principal  textile  materials  sent  to  us  from  France,  (ter- 
many,  Englantl  and  Bussia.  About  80  per  cent,  of  this  yarn 
is  numbered  in  accordance  with  the  metric  system.  Only  the 
threatls  of  silk  and  the  English  yarns  have  a  ninnbering  which 
is  distinctj  and  this  would  be  a  reason  for  buying  less  of  them, 
gince  these  arbitrary  nmnberings  disturb  our  calculation. 

Furthermore,  even  if  certain  nations  would  like  to  change 
(which  is  in  no  sense  the  case),  they  w^ould  go  biu:k  by  preference 
to  their  old  system  rather  than  the  English  system,  which  has 
survived  like  the  rest.  As  the  result  of  thiSj  it  is  difficult  to 
understand  the  obstructive  attitude  of  certain  persons  in  the 
United  States-  It  is  certainly  the  case  that  the  classes  in  France 
which  are  less  instructetl  have  not  spontaneously  adopted  tiie 
metric  system.  But  there  are  fewer  reasons  than  tliere  were 
sixty  years  ago  for  not  adopting  a  system  which  has  been  ap- 
proved in  the  entire  w^orld,  and  which  is  officiiil  in  a  numlier  of 
countries. 

All  praise,  then,  to  the  United  States,  which  is  sure  to  show 
itaelf  a  true  leader  of  progress^  if  they  admit  irrevocably  the 
introduction  of  the  metric  system  for  all  their  calculations.  The 
one  thing  necessary  is  not  to  have  any  longer  two  weights  and 
two  measures.  This  is  the  sole  i-eason  for  the  chaos  which  is  so 
much  dreadetU  "When  they  will  count  their  numl>ers  of  threads 
by  the  number  of  kilometers  of  thread  in  a  kilogram  (a  measure 
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liaving  the  same  root  as  the  metre) :  when  they  will  count  their 
silk  no  longer  in  deniers  of  Montpellier,  Lyons,  Milan,  or  Turin; 
when  they  will  speak  no  longer  of  silk  as  of  8-10  denier,  but  of 
the  unit  in  its  relation  to  a  thousand,  so  as  to  measum  a  thousand 
times  a  thousand  meters  [ler  kilogmmme,  the  textile  world  will 
have  a  siinpIo>  comprehensiitlo,  fair  and  workable  system. 

It  is  to  be  hoped  that  at  the  Exposition  in  St.  Louis,  there 
should  be  a  congress  held  on  this  suliject,  in  onler  to  arrive  at 
a  universal  understanding  for  the  general  adoption  of  the  metric 
system,  on  the  one  haiiclj  and  upon  the  other  of  a  compulsory 
measoFe  for  the  adoption  of  a  nu^thod  of  num  leering  threiids 
which  should  be  the  same  for  all  textile  materials,  the  unit  of 
weight  being  the  kilogram,  and  the  designation  l>eing  expressed 
by  the  number  of  Tciloineters  e<:»ntained  in  the  kilogram  of 
weight. 


Mr.  F.  A.  IlitUeff, — The  following  reply  to  M.  Lamoitier,  like 
that  to  Professor  (Vosby,  has  been  prepared  by  Mr,  S.  S*  Dale, 

Previous  to  addressing  this  Society,  M,  Lamoitier  in  his  Ijook 
and  in  the  columns  of  Plndmtrk  Ttufiik^  Paris^  has  been  a  valu- 
able contribut€»r  to  the  metric  discussion.  In  both  of  these  pub- 
lications he  addressed  his  fellow-countrymen — in  his  book  to 
instruct  them  in  the  technical  processes  and  cjilculations  of  textile 
manufacturing;  in  his  journal  to  reproach  them  for  their  neglect 
of  the  metric  system  and  to  ai'ouae  French  pul>Uc  opinion  in 
favor  of  one  more  metric  law. 

One  was  the  calm,  exact,  carefully  measured  words  of  the 
technical  expert  giving  all  the  known  facts  beiiring  on  the  sub- 
ject; the  other  the  impiissioned  outburst  of  a  Frenchman  who 
has  seen  bis  q\vji  writings  quoted  in  America  to  prove  that  the 
F^uch  textile  manufac^turers  themselves  did  not  use  the  metric 
system  in  their  mills.  These,  his  e-arlier  writings,  are  a  conclu- 
sive reply  to  his  latest  statements  to  this  Society,  A  comparison 
of  the  two  allows  how  difficult  it  is  to  call  for  more  law  in  Franco 
to  make  Frenchmen  use  the  metric  sj^stem,  and  at  the  same  time 
urge  Americans  to  a<lopt  the  metric  system  because  Frenchmen 
are  using  it. 

M*  Lamoitier's  first  declaration  is  that  the  metric  system  of 
numbering  displaces  *^*  little  by  little  "  the  old  and  arbitrary  cal- 
culations. Even  if  this  wore  a  fact,  his  case  dojiends  upon  what 
he  m^ins  by  ''little  by  little.'-     The  difficulty  of  introducing  a 
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new  system  of  weights  and  measures  and  displacing  an  old  one 
—  in  other  Avords,  the  length  of  the  ''  transition  "  period — ^is  one 
of  the  strongest  objections  to  any  attempt  at  making  a  change. 
The  following  extract  from  the  proceedings  of  the  Paris  Metric 
Yarn  Congress  of  11)00  shows  how  this  "  little  l)y  little  "  affected 
tlie  veteran  M.  de  Pacher,  wlio  was  Secretary  of  the  Congress  of 
1873  and  presiding  officer  of  the  Brussels,  Turin  and  first  Paris 
Congresses,  as  well  as  of  the  one  at  which  these  words  were 
spoken  (page  20): 

M.  (h  Paclier. — ^The  efforts  of  a  quarter  of  a  century  have  had  such  slight  re- 
sults that  my  feelings  are  in  trutli  touched  that  you  should  recall  my  name  after 
so  many  years. 

Tlie  next  statement  is  that  the  metric  system  is  the  one  most 
employed  in  Europe.  This  is  contrtulicted  by  every  unbiased 
French  and  German  textile  writer  on  the  subject,  by  the  evidence 
of  French  and  German  journals,  by  the  German  Reichstag, 
which  levies  duties  on  yarn  by  the  English  system,  by  Herr 
Muench-Ferber,  quoted  in  Mr.  Ilalsey's  ])aper,  and  who  is  a  dele- 
gate to  the  Reichstag  and  a  textile  manufacturer,  and  last,  but 
in  the  present  discussion  by  no  means  least,  by  M.  Lamoitier 
liimself. 

The  facts  as  learned  from  the  above  authorities  are  these: 

In  the  linen,  jute  and  flax  industry  the  English  system,  with 
the  exception  of  a  local  and  unimi)ortant  Austrian  sUmdard 
which  is  not  metric,  is  su])reme.     I  will  quote  a  few  authorities: 

M.  Lamoitier  in  his  book,  page  03 : 

The  English  system  Ih  used  for  the  linen,  hemp  and  jute. 

At  the  International  Congress  for  Yarn  Numbering  at  the 
Paris  Exposition  in  lOuo,  M.  l>ouclier-Foyerick,  delegate  from 
Delgium  and  a  linen  spinner,  stated  in  the  following  words  why 
the  metric  system  liad  made  no  progress  in  the  linen  and  allied 
industries  (page  GO): 

We  Ii<.'lgians  export,  enormous  fjuantiti<\s  to  England,  Asia  and  Egypt,  and  we 
cannot  adopt  the  metric  system  without  ri-^king  tlie  loss  of  this  trade.  Our  cus- 
tomi'rs  in  th<^  countries  named  arc  familiar  witli  the  English  system  of  numbering, 
and  if  we  do  not  give  it  to  them,  our  comix'titors  will,  and  we  will  lose  the  market. 
I  sjK'ak  not  alone  for  myself,  but  for  all  Belgian  spimiers.     "We  caimot  ehange. 

That  the  English  system  is  the  principal  one  in  use  in  the  cot- 
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ton  industry  is  not  disputed,  although  the  metricists  try  to  ignore 
the  fact.  The  metric  stiindard,  1,000  meters  per  kilogranimej  iB 
nsed  but  little.  The  French  use  a  system  based  on  the  French 
pound.  In  their  attempts  to  get  other  nations  to  adopt  the 
metric  system  the  metric  theorists  promise  that  tlie  present 
French  cotton  system  will  be  abandoned.  But  will  it?  Wljero 
is  the  power  to  CDm}>el  such  action  on  the  part  of  the  many  indi- 
viduals engaged  in  the  French  oottoti  ]n<lustry? 

In  KalJadHtor  fuer  *'Artikel  der  Tex  til-Industrie/*  Fritz 
Frowrein  says  (page  8S); 

While  the  ftcceptflnee  of  the  metric  system  In  yarn  numbering  is  advocat«d  in 
some  quiirt^rs  of  the  iutiustrv  and  Ly  theoriata,  the  author  (Frowein)  dt^es  not  be- 
Ufve  in  li*  pnu'ticahilit y*  <  )ii  one  htindj  the  t^ost  of  chaDging  machiaery^  Jitui  cm 
the  other  hiLmd  the  cJimigi^  of  si^e  numbers  place  iinsumiountable  diflicultit^a  \i\ 
the  wiiv 


lu  tlie  Li^ipzltji^t  MtmahThri/tfuei'  Textll-lmb^dne  of  Octoljer 
31,  11)02,  is  an  article  on  waste  and  take-up  in  cotton  weaving. 
An  elaborate  table  gives  the  amonnt  of  waste  and  per  cent,  of 
take-up  with  each  siiie  of  yarn  for  fabrics  of  different  sets  (threads 
]ier  inch).  The  sizes  of  the  yarn  are  given  in  Enghsh  counts;  tlie 
set  is  given  in  threads  per  Vienna  inch;  the  weight  of  the  waste 
is  given  in  English  pounds.  Such  is  the  condition  that  has 
forced  imfwrial  Genuany  to  levy  duties  on  cotton  yarn  by  the 
hated  English  j^anl-pound. 

In  the  European  silk  iruhistry^  which  is  centered  in  France, 
the  metric  system  has  made  but  little  impression  during  tlie  10O 
years  of  its  existence.  Iveforence  Ls  made  to  M,  Lamoitier'^s 
P Industrie  T^j'tUe  article  in  the  October  issue  of  the  TmilU 
Wm'H  and  tr^  the  statements  at  the  Paris  Metric  Congress, 
(juotcd  in  the  reply  to  Professor  Crosby. 

We  next  come  to  the  woollen  and  worsted  industries.  Hem 
again,  fortunately,  we  have  evidence  from  Continental  Europe, 
including  that  of  M.  Lamoitier  himself,  to  guide  us: 

**Traite  de  Tissage/'  by  Paul  Lamoitier  (page  87).  See  Mr. 
Ilalsey's  paper, 

Pana  Mttrk  Yum  Congr&sa  of  1900^  f^ngc  87: 

M.  de  Chenlh. — We  hojx"  no  new  buni*MjB  will  1h>  ifri^xw^tl  on  the  indtiatry,  but 
if  we  IfXik  the  faeta  in  tlie  fm^,  we  wiU  fintl  tlmt  notwiiPi.^uituliii^  the  decree  of 
18 m.  lUid  iJi  Ji\Mtt*  of  the  *i(^rion*^  efforts  \mt  forlli  hv  uithi-sf  rial  six-ii^ties  of  uiany 
difitficte^  we  stilt  Imve  ihi  aaeknt  units  of  weiglits  and  measures  uiid  wo  aciircely 


584  THE   METUIC    SYSTEM. 

comprehend  each  other  when  we  talk  spinning  at  Reims,  Roiibaix,  Elboeuf,  Sedan 
or  Vienna,  where  the  skeins  still  measure  1420,  710,  3,000  or  1,500  meters. 

The  next  statement  that  ''  in  a  few  years  there  will  be  no  men- 
tion made  of  the  different  standards  of  Saxony,  Austria,  Prussia, 
Sedan,  Elboeuf,  Iloiibaix,  Kehiis,  etc.,"  is  merely  a  prophecy  not 
supported  by  the  experience  of  the  past,  and  which  time  alone 
can  verify  or  disprove.  It  is  in  line  Avith  the  optimistic  views  of 
the  French  people  regarding  the  metric  system  since  its  founda- 
tion 110  years  ago,  and  whicli  are  still  far  from  realization. 

His  statement  that  ''the  campaign  in  favor  of  the  universal 
adoption  of  the  metric  system  in  yarn  numbering  only  dates 
from  a  few  years  back  "  shows  how  the  decimal  delusion  blinds 
its  victims  to  the  facts  of  history.  Here  are  a  few  articles  from 
an  imperial  decree  of  IJonaparte  in  1810,  still  in  force  except  for 
cotton: 

Art.  1.  On  and  after  March  1,  1811,  all  proprietors  of  spinninji:  mills  shall  make 
the  hanks  of  cotton,  linen,  hemp  or  wool,  (»acli  100  meters  long,  so  that  a  skein 
shall  measure  1,(X)0  meters  in  length. 

Art.  2.  These  yarns  shall  be  ticketed  with  the  number  of  such  skeins  in  one 
kilogram. 

Art.  3.  Violations  of  the-  foregoing  provisions  shall  bo  considered  breaches  of 
the  police  regulations  and  punished  by  a  fine  of  not  l(\ss  than  5  nor  more  than  15 
francs  for  the  first  offense;  the  fine  may  be  incn^asod  for  a  n'p^'tition  of  the  offense. 

This  old  statute  proves  that  the  application  of  the  metric  sys- 
tem to  the  textile  industry  has  been  one  of  the  settled  purposes 
of  the  French  government.  What  is  the  result?  M,  Lamoitier 
himself  gave  us  the  answer  in  rintha^iru'  Tcwtlle  for  October  15, 
1902: 

We  (the  French)  are  as  much  in  the  anarchy  of  weiglits  and  measures  for 
the  textile  industry  as  at  the  tim(?  of  the  Uevohition. 

Such  drastic  laws  as  that  above  mentioned  would  not  be  toler- 
ated for  an  instant  in  America,  elust  imagine  the  cry  of  ^'  Po- 
lice !  '*  on  Leonard  Street,  Xew  Yoi'k,  because  some  one  had 
found  a  skein  of  cotton  yarn  measuring  840  yards. 

It  is  practically  impossible  to  change  the  ideas  of  textile  manu- 
facturers regarding  yarn  numbers.  The  operatives  and  managers 
become  thorougiily  accustomed  to  the  size  numbers  by  the  old 
system.  These  numbers  become  imbedded  in  every  process  from 
the  first  manipulation  of  the  raw  material  until  the  finished  prod- 
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uct  is  ready  for  sale.  Along  conies  a  eompwlsory  law  which  says 
these  operatives  must  measure  everything  liy  the  raetric  system. 
The  result  is  nut  the  use  of  the  tlecinial  systeTii  of  yarn  number- 
ing. The  old  numbers  are  ret^iined  from  necessity ,  but  the 
standards  on  which  they  anj  l>ased  an^,  as  far  as  incomniensnnible 
units  alhjw*  convorted  into  metric  equivalents  and  ex]irussed  in 
numbers  ^vhich  are  extremely  difficult  to  handle  in  calculations. 

This  has  been  the  exj>erience  of  Europe;  it  would  be  the  same 
here.  This  is  what  exphiins  the  existence  to-day  of  tlie  28  dif- 
ferent systems  of  yarn  numtjering  in  Europe.  We  will  give  a 
few  examples  of  European  yarn  standaitls  to  illustrate  tliis 
tendency ; 

Austrian  for  flax,  length  280.51  meters,  weight  453*59  grams; 
Austrian  for  cotton,  length  1159,5  meters,  weight  5(iO  grams^ 
Netherhinds  for  cotton,  length  7*>8J.)90  metersj  weight  500 
grams;  Alsace  for  worst ed,  lengtli  750  meters,  weight  407-71 
grams. 

These  expressions  in  metric  units  are  obtained  from  lengths 
expressed  in  old  units,  such  as  the  Vienna  ell,  English  yard,  Ger- 
man ])ound,  English  ponnd,  etc.  They  have  been  made  bat  par- 
tially metric  by  compulsory  laws  which  have  failed  entirely  to 
make  them  decimaL  The  silk  industry  supplies  a  good  illustra- 
tion. The  old  stantlard  was  the  denier  and  400  aunes.  The 
intnxluction  of  the  metric  system  has  changed  4iM)  aunes  to  470 
meters,  and  made  cidcnlations  uiucli  more  ililficult.  That  is  all. 
This  conversion  process  is  one  of  the  many  serious  objections  to 
a  disturbance  of  textile  weights  and  measures.  The  industry  is 
so  cotnplex  and  the  itleas  of  the  employes  as  to  weiglds  and 
measures  are  so  important  to  success  in  manufacturing,  that  the 
first  introduction  of  metric  units,  slow  and  difficult  as  it  isj  is 
hut  tlm  pi^cursor  of  other  ^*  tntroiluctions''  as  slow  and  difficult 
m  the  first. 

This  conversion  process  has  been  the  rule  in  all  parts  of  Con- 
tinental EurojK^.  In  the  Netherlands  an  attempt  has  been  made 
to  retain  tlic  old  expressions  of  length  and  weight;  the  result  is 
a  straddle  of  both  tlie  English  and  the  metric  systems.  The 
yarn  numlier  is  there  l>ase<l  ui>on  the  number  of  skeins  of  S40 
yards  in  :AH)  grams.  Words  fail  in  attempting  to  express  the 
chaos  of  calculations  resulting  from  such  a  combination  of  units 
incommensurable  with  the  meter  and  the  ]>ound.  Such  chaos  is 
the  inevitable  oonsequence  of  trying  to  inject  a  foreign  system 
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of  weights  and  measures  into  a  country  having  its  own  units 
firmly  established. 

M.  Lamoi tier's  words,  ^^  It  is  desirable  that  the  unit  of  weight 
should  be  1,000  grams,"  and  "  If  this  were  done  there  would  be 
only  a  single  unit,"  merely  expresses  the  desire  of  European  tex- 
tile manufacturers  to  escape  from  the  dreadful  confusion  in  which 
they  are  now  involvetl.  They  think  a  way  of  escape  for  them 
lies  in  getting  the  Anglo-Saxon  race  to  involve  itself  in  a  like 
chaos  by  abandoning  its  present  system  for  the  metric,  a  result 
that  the  Europeans  view  with  entire  complacency.  It  may  be 
desirable  for  them,  but  is  it  worth  while  for  us? 

He  expresses  the  desire  that  the  American  engineers  might 
visit  the  cotton  and  woollen  mills  on  the  Continent  and  ask  these 
two  questions: 

Do  you  use  the  metric  system  in  your  calculations  and  in  the 
numbering  of  yarn  ? 

How  do  you  find  it  in  practice  ? 

He  volunteers  what  he  styles  an  answer  to  these  questions, 
which  is,  in  fact,  a  rambling  evasion  of  both  of  them,  an  implied 
confession  that  the  textile  industry  there  does  not  use  the  metric 
system,  a  vague  reference  to  his  having  called  tlie  metric  mix-up 
absurd  and  the  admission  that  there  are  difficulties,  which  he 
calls  conservatism  and  ignorance,  in  the  way. 

These  two  questions  must  not  be  thus  dodged.  The  first  is 
answered  by  M.  Lamoitier  (October,  1902,  V Industrie  Te^tih)  : 

After  having  established  the  inetrie  system,  is  it  not  truly  ridieulous  that  more 
than  110  years  later  we  should  be  still  using  the  English  yard,  the  old  or  French 
pound,  the  denier  of  Montpellier  and  Milan,  the  ancient  aune,  the  many  different 
skeins,  etc.? 

The  second  question  is  also  answered  by  M.  Lamoitier  as  fol- 
lows (same) : 

And  this  is  why  they  are  mocking  us  when  they  say  we  do  not  use  the  metric 
system  for  numl)ering  yarn  and  for  weaving  calculations.  Nothing  is  more  ari)i- 
trary  than  to  n'ckon  the  yarn  by  the  thousand  met(^rs  and  the  width  of  the  cloth 
and  the  picks  of  the  filling  by  the  inch.     It  is  nonsense  and  a  derision. 

«i 

]>oth  of  these  extracts  were  written  for  French  and  not  Ameri- 
can consumption. 

His  invitation  to  visit  Euro])e  and  ask  these  two  questions 
recalls  the  fact  tliat  one  American  engineer,  Professor  Crosby, 
did  visit  the  Continent  in  the  summer  of  19Ul;  he  told  the  Com- 
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mittee  on  Coinage j  Weights  and  Measures  at  the  hearing  on  the 
metric  system,  of  what  met  his  gaze  in  a  weave  rotmi  in  Switzer- 
land: 

We  are  already  building  machinory  which  excites  the  admimtion  of  the  whole 
world,  mid  iirc  i^hipping  it  to  the  Ibiir  coniere  of  the  earth.  During  the  i^utniijer 
I  visited  a  large  silk  mill  in  Zurich,  Hwilzeriand.  Aj?  ihe  ^uperiittendent,  why  wns 
shorn ng  me  about,  opened  the  door  Into  one  weave  room  where  he  told  me  somo 
oi'  t!j**ir  highest  grade  and  best  ^oods  were  woven,  he  smiled  and  called  my  atten- 
tion to  the  looms,  w^hich  I  found  were  madL*  by  the  Crompton  &  Knowles  (_k>rn- 
pany^  in  Worcester,  MasSi*iehum^tts.  It  seemed  like  jw^nding  coals  to  Newcastle. 
They  did  not  put  m  these  looms  as  a  iimtter  of  sentinientj  but  l^ecause  of  their 
UJ^'fidness* 


The  fact  that  these  looms  were  built  to  English  measurements 
does  not  interfere  in  the  slightest  degree  with  their  use  in  so- 
called  luetric  Europe, 

The  managers  of  the  Zurich  mill  informed  him  of  the  many 
diverse  stam lards  of  textile  weights  and  metisures  in  Eurojw,  and 
saitl  they  frecjuently  declined  orders  that  were  not  expressed  in 
their  own  units  on  account  of  the  com]>lications  that  would  he 
causetl  in  their  mill*  Here  is  a  Swiss  mill,  etiuipiKnl  with  Ameri- 
Dan  machinery,  but  with  its  o|i6rations  handicapped  by  the  Euro- 
pean chtUJB  of  weights  and  measures.  Cannot  Americans  heed 
the  warning  or  must  tbe  same  chaos  be  transferred  to  American 
looms  on  this  side  of  the  AtiauUcV 

H.  Lamoitier  s  next  statement  that  the  adoption  of  the  metric 
system  t  which  for  America  means  the  joint  use  of  incominensiir- 
able  units)  does  not  complicate  culcuhitions,  is  not  only  refuted 
by  bis  own  words  already  quoted,  but  is  so  contrary  to  reason  us 
to  need  no  repl\', 

Ue  next  falls  into  a  reverie,  and  dreams  of  a  metric  era  when 
tbe  rival  nations  of  the  earth  shall  permit  English  weights  and 
measures  to  be  used  vemdonully^  in  order  that  England  and 
America  nniy  sell  their  goods  in  foreign  markets.  He  omits  to 
sUite  whether  the  English  and  American  Hags  are  to  be  pennitted 
on  the  high  seas  then,  and  w^hether  the  Mississippi  River  is  to  to 
the  dividing  line  betwe?en  a  German  and  a  Flinch  province. 

AVhile  doul)ting  the  value  of  the  prophecy,  we  might  stiU  ap- 
preciate the  good  faith  of  the  prophet  if  he  Iiad  not  alread}^  placetl 
himself  Oil  reoortl  on  this  very  pointy  in  VlfyJudrU  Te^^tiU^ 
October,  lUuti: 
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It  IS  a  duty  and  wotild  b?  a  i^lory  to  ourGov(?mmc^nt  (Frfinrc)  to  di't-rf:*!*  a  unifi- 
cation of  yarn  nuinberingt  the  unit  of  le*ngth  being  the  kilograjumetcjr  (IjOOCf  grains 
and  1,000  niet-c^rs*)     O!  no  ni^d  of  a  long  statute.     Two  artifk^s: 

Art>  I.  Textile  nuiterialji  shall  be  uuniljered  by  the  riuniber  of  thousand  mct-ers 
in  a  kilogranL 

Art.  2.  All  other  ^ys^ti^ms  of  yarn  nuinlx^ring  are  forbiilden  on  Frt^K-h  trrritory. 
The  advantages?  Ir  would  jnit  a  stop  to  the  ehaofi  whieh  the  Ani)?rifarL'?  ridifule. 
As  for  the  recalcitrants  (English,  Americans  and  others)  a  very  simple  procedure 
wiU  l>e  to  ohligif  thern  in  all  oountries  where  the  metric  system  is  legal^  to  mark  their 
yams  by  the  metric  syst<?m. 

Let  lis  say  to  them:  Do  you  want  to  trade  with  us?  Then  confine  yourseh-ea 
to  that  which  Is  tho  most  simple  and  the  UTOSt  practical, 

A  large  saving  in  this  way  will  bo  made  in  the  cost  of  collecting  customs  duties 
in  thi.'  mef  ric  ixiuntries.  There  is  no  better  way  than  this  to  make  them  re|)cnt- 
ant. 


M,  Lamoitier  cites  a  single  luillj  that  of  M,  Michailof?  &  fik, 
Moscow,  Russia,  of  which  he  himself  is  the  manager,  anil  stales 
that  SO  pep  cent,  of  the  yarti  he  buys  abroad  is  numbered  l)y  the 
metric  system.  This  stat^ement  of  the  case  leaves  much  to  be 
dcfiired.  How  much  yarn  does  he  import?  Is  the  yarn  he  calls 
metric  numbered  by  the  real  metric  system  (1,0(H)  meters  }K?r 
kilogTamrae),  or  by  old  systems  converteil  into  metric  ecjiiivalents 
wliich  are  not  decimal  and  which  are  metric  only  in  name? 

We  know  that  for  cotton,  silk,  and  linen  3^am  the  metric  sys- 
tem (1,000  meters  per  kilogram)  is  used  in  Europe  practically 
not  at  all.  tinder  no  circumstances  could  the  textile  weights 
and  measu^rea  of  Europe  be  fairly  judged  by  the  amount  of  metric 
yarn  imported  into  a  single  Russian  mill,  of  wliich  so  onthuBi- 
astic  a  champion  of  the  metric  system  as  M*  Lamoitier  is  the 
manager- 

What,  howeveTj  is  the  practical  result  of  using  the  metric  sys- 
tem in  liussian  mills  ?  Two  hundretl  years  ago  Peter  the  Great 
left  his  throne  in  Moscow^  where  M.  Lctmoitier  is  now  manufac- 
turing cloth,  to  travel  through  Europe  itwofj.  He  yisited  Hol- 
land and  England,  and  worked  as  an  ordinary  carjienter  in  the 
shipyards  of  those  two  countries*  Impressed  \Yith  the  superior 
skill  ami  system  of  the  English  \yorkmen,  he  took  back  ivith  hiui 
to  Russia  four  mast-makers,  four  boat-buildera,  two  sail-malcers 
and  about  twenty  other  workmen,  to  teach  their  trades  to  his 
people.  These  hiuuble  workmen,  whose  niimes  are  now  unknown 
to  fame,  carried  into  the  industrial  system  of  Russia  the  English 
inch.  The  seed  thus  planted,  has  grown  silently  for  two  cen- 
turies, until  to-day  the  ideits  uf  Russians  regarding  linear  measure- 
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ments  are  insepanibly  bound  to  that  inch  or  to  units  commensur- 
able with  it.  The  Eussiau  duini  and  our  inch  are  the  stinicn  au 
archin  is  28  inches;  a  sagen  is  84  inches^  or  7  Enghsh  feet;  a 
vei*schok  is  If  inches;  a  verst,  3,500  Enghsh  feeL 

Somewhat  more  than  one  hundred  years  ago^  on  the  eve  of  the 
Eevohition,  the  rulers  of  France  conceived  the  idea  of  establishing 
a  universal  system  of  ^veights  and  measures  for  the  world.  They 
deemed  it  fitting  that  such  a  system  should  be  based  on  no  other 
dimension  than  that  of  the  world  itselfj  the  largest  and  most 
invariable  body  that  could  be  i-eached  by  man.  Scientists  \vere 
cscjmmissioned  to  measure  the  distance  from  the  equator  to  the 
pole.  The  earth  was  searched  for  au  unchangeable  meiid  with 
which  to  preserve  the  prototype  of  the  universal  system  which 
was  to  be  like  no  other  ever  used  by  man.  The  divisions  ot  its 
units  were  to  be  decimal  alone,  and  not  left  to  blind  and  unrea- 
soning chance.  The  glorious  work  was  to  be  a  benefit  to  count- 
less generations  of  men,  and  slieil  undving  glory  on  France. 
The  conceptiun  was  grand,  hot  in  its  execution  the  rulers  of 
J'rancc  carae  in  contact  with  nature  itself.  Man  was  not  yet 
wise  enough  to  measure  the  earth.  Nowhere  could  an  unchange- 
able metal  be  found  to  pi'eserve  the  prototype.  The  ratio  be- 
tween gravity  anrl  extension  could  not  be  eKpressetL  Only  one 
of  the  oljjects  was  attained;  the  metric  units  wore  inconimensur* 
able  with  every  other  unit  on  earth.  The  result  was  the  depusit 
in  Paris  of  a  metal  prototype  for  this  system,  no  more  and  no 
less  arbitniry  thiin  any  other  standard  of  measures  has  ever 
been. 

Tr>-day,  when  metric  yarn  is  brought  into  the  Moscow  mill, 
linen r  units  of  the  system  found4?tl  by  French  savants  one  hun- 
dred years  ago  are  placeil  side  by  side  with  the  units  carried  to 
Russia  by  the  humble  English  cari}enters  two  centuries  ago. 
M.  Uimoitier  hiis  just  told  us  of  the  result  of  such  contaut,  and 
adds,  Plmlmtrie  TertUe^  Octoljcr  15,  1902: 

It  IS  nonsense  and  a  demion.  Note  also  that  while  I  speak  here  only  of  France 
I  (H>iild  say  a^  inueh  of  !ill  Europe*  For  exufiiple,  do  you  know  tfiiit  th*-  Russian 
reckons  the  width  of  his  t'loth  m  versehki,  thf  picks  by  the  quarter  hich  and  the 
yam  l>y  either  the  French  or  the  English  iy8t«*m?  One  \iir3chok  equala  one-eLx* 
teeoih  of  an  arcbln. 


Tlie  metric  and  the  English  systems  are  incoramensnrable,  and 
therefor©  irreconcilable.     The  English  carpenters  brought  to 
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Kiissia  by  Peter  the  Great  matle  Ruasian  and  English  linear  tinits 
the  same,  or  cominensunible,  and  thus  without  intending  it,  con- 
tributetl  immensely  to  the  unilicatiou  of  the  world's  weights  and 
measures. 

Tlie  French,  by  making  tlieir  metric  units  incotn mensurable 
with  all  others,  worked  in  a  distinctly  opposite  direction,  and  re- 
duced greatly,  if  they  did  not  dostroj^^  the  ehances  for  unifying 
international  weights  and  measares, 

Has  M,  Laraoitier  lost  sight  of  the  only  remedy  for  his  trouble^ 
the  use  of  the  English  yarn  counts  with  the  Engiish-Russian 
inch  ?  Cannot  our  own  textile  manufacturers  see  in  this  Moscow 
mill  the  chaos  that  the  metric  system  would  surely  bring  to 
American  mills?  Or  must  they  have  their  own  bitter  experi- 
ence ? 

The  statement  that  a  (tnetric)  nation  wanting  to  change  ^vould 
return  to  its  old  and  not  to  the  Enghsh  units  ineans  nothing. 
From  it  one  would  infer  that  the  writer  had  the  idea  a  people 
can  cliange  its  weights  and  measures  as  Cfisily  as  it  can  change 
its  tariff,  or  even  as  a  man  can  change  his  coat.  He  loses  sight 
of  the  fact  that  weights  and  measui^es  are  as  firmly  imbedded  in 
the  national  life  as  language  itself. 

It  may  make  it  easier  for  M.  Lamoi  tier  to  understand  the  obstruc- 
tive attitude  (to  the  metric  system)  of  certain  persons  in  the 
llniteil  States,  if  he  would  think  of  the  probable  attitude  of  Con- 
tinental Europe,  supposing  it  had  as  uniform  a  system  of  weights 
and  measures  as  we  have  here,  while  we  were  involved  in  the 
European  chaos  of  to-day.  It  is  not  very  difficult  to  unagine 
the  con  tern])  t  and  ridicule  that  would  be  heaped  upon  us  by  the 
French  and  (termans,  if^  under  such  cireumstances,  we  should  ask 
them  to  adopt  one  of  our  systems  on  the  sole  ground  that  its 
units  were  divided  by  ten. 

Nest  comes  the  I'emarkixble  statement  that  **  there  are  fewer 
reasons  than  there  were  sixty  years  ago  for  not  adopting  a  sys- 
tem that  has  been  approved  in  the  entire  world  and  which  is 
official  in  a  number  of  countries"  (meaning  the  metric  system). 
The  incre^ise  during  the  past  sixty  years  of  the  business  trans- 
acted with  English  weights  and  measures  has  multiplied  many 
times  the  diHiculties  and  objections  to  upsetting  that  s^'stem. 
M.  Lamoitier  assumes  too  much  when  he  says  the  metric  system 
has  been  approved  in  the  entire  world.  It  may  have  been  made 
official  in  a  number  of  countries,  but  the  stamp  of  officialdom 
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in  many  of  these  countries  is  practically  the  only  backing  it 
possesses. 

The  inefficacy  of  Liw  in  changing  established  usage  in  weights 
and  measures  is  told  by  the  following  extract  from  the  proceed- 
ings of  tlie  Paris  Metric  Yarn  Congress  (page  20); 

M.  Etfwnni  xSimon.—We  have  alia  cbeined  it  opportune  t^  mk  for  n  change  in 
at'conl  wilh  rPBoliitHins  at  pn^n'tling  c^iij gross's,  in  th^  law  tif  IStUJ,  which  uiade 
tlic  nunilR^r  of  silk  It)  iudiran?  the  wetglU  in  gratiis of  5fK)  lUi'ters*  Tliis  iigal  sys- 
tem l]£t&  reniatncd  a  dead  letter. 


French  metric  legislation  of  the  past  120  years  supplies  strik- 
ing conlirmation  of  John  Quincy  Adams'  opinion  expressed  80 
yeara  ago  that  the  interference  of  law  with  weights  and  raeasuj'es 
results  only  in  fiUing  the  statute  book  with  "the  impotence  of 
antliority  and  the  uniformity  of  confusion  J* 

The  worthlessness  of  the  so-called  official  sanction  of  the  metric 
system  as  an  indication  of  its  use,  is  well  illustmted  by  the  case 
of  the  Uniteil  States  in  which  the  metric  system  has  been  matle 
permissiTO  by  law  for  over  thirty-six  years,  and  is,  in  fact,  our 
only  system  of  weights  and  measures  bearing  the  official  stamp. 

The  yarn  congress  which  U-  Lamoitier  asks  for  at  St,  Louis 
would  be  nothing  hut  a  furce*  His  idea^  as  shown  by  his  con- 
cluding sentence,  is  to  have  the  decision  of  this  congress  made 
in  favor  of  the  metric  system  in  advance.  The  E]q>osition  at 
St.  Louis,  conimemoraiing  the  separation  of  I^misiana  from 
France^  would  be  a  strange  place  for  a  cut-and-dried  convention 
to  fasten  the  French  metric  system  on  the  United  States. 

If  we  are  to  have  a  yarn  congi*es3  at  8L  Louis,  let  it  be  one 
r(*prcsenting  every  part  of  the  textile  world,  and  authorized  to 
cast  a  vote  in  proportion  to  the  textile  machinery  throughout 
the  world.  Let  the  tlelegates  be  pledged  to  vote  according  to 
the  logic  of  the  silk  resolutions  of  the  Paris  Metric  Tarn  Congress 
of  11100,  which  were,  in  etfect:  Wlsereas,  the  people  will  not  use 
the  metric  standards,  therefore^  resolved  that  AVe  will  adopt  the 
standanis  of  the  {)oople  and  call  them  metric. 

That  woulil  be  a  congress  of  common  sense^  and  its  decision 
would  be  in  favor  of  the  adoption  of  the  English  yard-pound  as 
the  textile  standard  of  the  world. 
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DISCUSSION   PBE8ENTED   ORALLY. 

-  Noi^., — Tlie  oral  diHeusiiiioii  on  Mr,  Ilalsey^s  paper  was  opened 
hy  Prof,  a.  AV.  Stratton,  of  the  Biimiu  of  Standards,  Washington, 
IX  0.,  who  was  present  h_v  invitntioii  as  a  gueat  of  the  Soeiotv  and 
by  the  Hon.  J.  IL  Southard,  Chairman  of  the  (^^oniinittee  of  tlie 
Ifoiisc  of  Ttepreseiitatives  on  Weights^,  Meai^nres  and  Coinage, 
Prcjfessor  Stratton  Ijefort*  presenting  his  remarks  called  rlie  atten- 
tion of  the  meeting  to  the  faet  that  it  was  not  an  inf reqnent  custom 
of  United  States  consuls  to  translate  the  nnitB  of  the  country  In 
whieli  tliey  were*  at  work,  into  the  English  unit^  and  that  tills 
tendency  was  perhaps  the  oecasioii  of  the  eonfiisiun  referred  to  in 
the  paper  and  certain  letters.  It  was  bis  opinion  that  wliile  it  was 
true  that  the  countries  avowedly  naiug  the  Uietric  system  have  Btill 
tlie  (tld  nnits  in  use,  the  extent  of  such  use,  or  rather  the  pre- 
doniinanee  ni"  these  units,  has  lieen  over-ein]>hasised.  If  it  be  eon- 
ceded  tliat  a  universal  systeiii  is  nertle<i,  the  first  question  is 
whether  the  metric  system  is  the  ime  or  onr  uwn  present  system  the 
one.  In  his  opinion  tlie  expense  aiel  inecinvi  nit'U^'e  incident  to 
introduction  are  (if  secondary  iniportaiiee,  while  the  need  of  a 
nniversnl  system  is  a  primary  inip(irtiine<**  While  there  may  he 
a  ditference  of  opinion  as  to  the  best  .standard,  tliere  sboidd  be  no 
difference  of  opinion  as  to  the  advantage  of  working  toward  the 
universal  stnmhird.  In  Ids  opinion  the  propose*!  law  had  been 
greatly  niisnnderstood.  It  projxjties  to  make  the  metric  system 
oldigatory  in  its  owm  work,  but  at  tirst  to  g<j  no  further  than  this. 
Professor  StruttfmV  yia|)er  was  as  follows: 

Prof.  8.  W,  Siraffon.—2\n  exix^rience  in  the  use  of  the  metric 
system  of  weights  and  measures,  covering  a  period  of  twenty  years, 
in  which  it  has  been  used  side  by  side  witli  the  English  system  in 
scientific  work,  in  engineering,  and  in  the  workshop^  has  led  me  to 
Inidieve  tliat  it  is  in  every  way  superior  to  that  in  common  use. 
During  this  experience  a  student  has  not  been  met  wlio  did  not 
go  riglit  to  work  in  the  metric  systoni  without  scarcciy  giving  it 
a  tliought.  A  meehauie  has  not  been  found  who  did  not  readily 
grasp  the  system  and  prefer  it  in  a  sburt  time.  Whi*u  \dewcd 
from  a  general  standpi^int  the  advantages  to  be  gained  by  a 
S3*steni  of  weights  and  measures,  having  the  same  base  as  our 
monetary  and  numerical  systems,  so  far  outweigb  all  of  the  ad- 
vantages of  a  system  eaind)lc  of  eontinnous  binomial  subdivision 
that  the  latter  is  hardly  t<j  be  thought  of.     This  is  sbown  by  the 
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tendency  In  all  lirandies  of  manufaeturiug  to  decimalize  our  own 
systt^ni,  rather  than  tuUierc  to  t.Iie  cuinmou  fractions*  Halves, 
quarttTs  smtl  even  ei^d»ts  nmy  he  convenient  to  use  in  ordinary 
affairs  and  nientnl  eiileuhitnnis,  hnt  when  carried  farther  than 
this  the  system  at  nriee  heconies  ujiniiinageable.  A  decimal  syisfcm 
«]oeK  nrit  ncce8i?tinly  exchide  halvcj^,  qniirtcrs  and  even  eii^hths. 
Ill  (he  .system  uf  lenjE^h  now  in  c*oinmon  uae  the  first  giiWi vision  is 
3,  tlie  next  12,  th^n  a  I>in^iiriijil  snlirh'vi.sicm  is  frilluAved  as  far  aB 
f}4thti;  thiii  h  folhnved  hy  a  sinlden  jump  to  th<jiisantlths.  Yet  we 
are  told  that  this  reenlt  hae  been  reaclied  after  forty  years  of 
experience  and  iiiiist  remain  nntmiched.  One  has  hut  to  read  the 
histfiry  i*f  standards  uf  length  to  find  that  they  have  been  any- 
thing hnt  Htalde.  Clian^es  have  been  eonst^iiitly  made*  They  have 
always  met  with  rertistauce,  and  Justly  so,  otlierwise  they  would  he 
prenuitnre  and  much  needless  eoiifii*sion  \vonld  result. 

These  clianges  have  always  been  made  with  two  tilings  in  view, 
viz, ;  the  produetinn  of  better  nuUi*ria1  staii<liirds  ami  imifoniiity. 
The  history  of  the  etTorts  to  Ijring  aliont  nnifonnity  in  the  stand- 
ards of  (jenuany,  V" ranee,  Kn^hind  and  even  the  Triited  States, 
when  tbe^e  cuuntries  had  reached  the  state  when  it  was  no  longer 
jmssiWe  for  tbeiu  to  maintain  st^parate  stsuidards  in  thi*  ilifferent 
tjcetions'  ef  tin*  sarmr  cunntry,  is  exceedingly  inten^tiiting  n*ading. 
Yet  these  changes  were  made,  ami  each  of  these  comitriea  may  be 
said  til  enjuy  a  fairly  niiifonn  system  at  the  present  time.  The 
necessity  of  nidfurmity  in  en  eh  case  was  inidnnbtedly  hroup;ht 
about  by  better  transfjortatitm  iind  cemmuuication,  and  the  exten- 
sion of  triidc  throiigliniit  the  e«Hiii tries.  In  eacit  of  tliese  countries 
instanceij  may  be  found  wliere  the  old  units  remain  in  use,  liecaiise 
trade  or  oUier  conilitions  did  not  demand  a  elmnge,  Tfien  again, 
trade  with  other  conntrics  has  stniietimes  introdtieed  traces  of  a 
dilTcrent  system  of  weiglitj*  and  measures,  llowever^  tlie  general 
Cum  lit  ion  uf  tire  weights  and  nn'asures  in  any  of  the  countriea  men- 
rioned  slionld  not  be  inferred  from  a  fi*w  isolated  easses,  Thero 
are  still  traees  of  tlic  Knghsli  system  nf  money  in  this  country, 
but  who  wotild  use  that  as  an  illnstration,  that  the  intro<luetion 
of  the  decimal  system  of  enrrency  had  not  been  suece^sfii]  in  this 
country  f  A  per^cmal  ins])eetion  of  the  weights  and  measures  of 
(lermany  and  Ft-unce  during  three  visits  to  those  countries,  which 
invrdved  contact  with  the  public,  liianufactnring^  and  the  Govern* 
nii*iif.  JJnreans  of  weigbts  and  measures,  has  eon^ineed  me  that 
rlie  adoption  of  the  metric  system  in  those  countries  baa  been 
3ft 
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eminently  satisfactory,  notwithstanding  the  exceptions  that  have 
])een  quoted. 

A  few  days  ago  a  mechanic,  who  is  perhaps  40  years  of  age, 
who  learned  his  trade  in  (Germany,  and  who  has  worked  in  some  of 
the  leading  shops  of  that  country,  was  asked  as  to  the  use  of  the 
''  inch,''  either  (Jerman  or  English,  in  Germany.  His  astonish- 
ment could  not  have  been  greater  had  he  been  asked  as  to  the  use 
of  the  "  cubit "  in  Germany.  If  this  country  should  adopt  the 
metric  system  there  would  no  doubt  be  found  traces  of  the  old 
system  for  fifty  years,  and  perhaps  a  hundred  years,  to  come.  The 
countries  of  the  world  are  closer  commercially  than  were  the 
se])arate  parts  of  each,  when  uniformity  was  established  in  regard 
to  their  weights  and  measures.  We  must  sooner  or  later  come  to 
a  universal  standard.  The  same  forces  which  have  brought  about 
changes  in  the  past  will  bring  about  changes  in  the  future.  It  is 
simply  a  question  of  the  survival  of  the  fittest.  The  two  systems 
exist  side  l)y  side  in  all  parts  of  the  civilized  world.  One  or  the 
other  must  in  time  give  way.  It  would  be  more  difficult  to-day, 
either  in  Great  Britain  or  the  United  States,  to  suppress  the  use  of 
the  metric  system  than  that  in  comnion  use.  Its  growth  and 
po])ularity  can  only  be  explained  by  its  mcirits. 

I'he  scientific  world  long  ago  settled  the  question  of  a  universal 
system  of  Aveiglits  and  measures.  Scientific  men  may  occasionally 
use  the  inch.  However,  it  may  be  said  in  a  general  way,  that  the 
scientific  world  enjoys  a  universal  system  of  weights  and  measures, 
and  any  one  who  has  come  in  contact  with  this  world  fully  ap- 
])reciates  what  this  means.  The  advantages  which  have  made  the 
metric  system  universal  in  all  s(»i(Mitific  work  are  equally  important 
in  commerce,  in  manufacturing,  and  in  the  aflFairs  of  every-day  life. 
The  api)]ication  of  scientific  work  to  engineering,  manufacturing, 
and  commerce,  are  so  fre(pient  that  it  is  not  economical  to  main- 
tain two  sets  of  standards  as  exist  to-day. 

It  is  es])ecially  gratifying  to  note  that  there  is  a  rapidly  growing 
sentiment  in  favor  of  the  a(l()])tion  of  the  metric  system  on  the 
])art  of  manufacturers  and  business  men  of  the  country.  The  very 
s])irit  of  ])rogress  Avliich  has  made  our  manufacturers  leaders  of 
the  Avorld  will  not  allow  them  to  forego  the  advantages  of  an  im- 
provement, because  that  improvement  is  difficult  to  make. 

The  ini])ortnnce  of  fundamental  standards  in  the  manufacture 
of  machinery  is  certainly  well  understood  by  anyone  who  has 
given  the  sligl^.est  attention  to  such  matters;  and  while  I  believe 
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that  tlie  standards  of  the  metric  system  are  far  superior  in  every 
respect  to  those  now  in  usej  I  repeat  the  statement,  that  any  eha'hge 
in  the  standard*^  used  hv  niannfaeturers  of  niaehinerv  should  be 
broii^lit  about  by  thttir  own  uetiitn.  Tlio  hit5t:ory  ni  torbnical 
standards  docs  not  indieato  that  they  have  been  brouglit  about 
by  legi^lalion.  Why  t*hoidd  they  be  in  the  fotivre?  ThiB  may 
fieeni  "'funny"  to  rhe  antlior  of  the  paper  under  diseiis^ion,  but 
it  is  nevertheless  a  faet  The  GoTeTOinent  has  never  enacted  laws 
in  i^eferenee  to  standards,  except  in  conueetion  with  its  ot^ti  work, 
anrl  if  the  Government  sees  fit  tfl  use  the  metric  system  of  weights 
and  measures  in  some  or  all  of  the  branches  of  its  work,  it  has  a 
perfeet  ri^*:ht  to  do  so.  This  wonhl  involve  its  use  only  in  such  work 
as  originates  in  the  departments.  If  at  a  later  date  the  metric 
system  is  made  the  sole  legal  standard,  it  can  mean  no  more  than 
that  all  bn8inei>s  of  the  dc^partments  witli  the  publie  must  lie  carried 
on  in  the  metric  system;  but  who  for  a  moment  would  suppose^ 
eveo  in  this  case,  that  if  the  Government  should  buy  a  maeiiine 
tool  the  parts  of  that  macliine  wouhl  nece?\sarily  have  to  be  con- 
stnicted  in  the  metric  syfetem  ?  If  the  metric  system  becomes  the 
system  in  common  use  in  this  country  it  will  be  through  laws 
enacted  on  the  part  of  the  different  St-afes,  an<l  the  States  have  not 
fixed  stamlards,  excerpt  for  commerce  and  trade.  A  gri*at  deal  of 
eoncern  has  been  sliowu  as  to  t!ie  sitnatiou  which  wouhl  result  in 
ease  tlie  l»ill  now  pemling  before  Cugress  becomes  a  law,  I  can- 
not conceive  any  other  condition  than  that  stated  above* 

In  tlie  pajvcr  nn<ler  discTissidU  reference  has  been  made  to  cer- 
tain stutenients  made  before  the  Conunittee  on  Coinage,  Weights 
and  Measures,  of  the  TToiise  of  nenresentatives*  The  foundation 
for  the  statement  that  the  Carnegie  Company  were  about  to  issue 
a  hand-lnjok  in  the  metric  system  was  that  a  gentleman,  in  whom 
I  have  tin*  iitnn»st  eonfideuce,  stated  that  he  had  seen  sucli  a  book 
and  was  tohl  tliat  it  was  to  l>e  reissued*  Fjion  further  inquiry  I 
find  iJiat  this  bo<ik  was  in  the  form  of  a  Spanish  catalogue,  and  that 
a  reissue  was  not  made  on  acc*nuit  of  t!ie  platt's  being  destroyed  by 
iire,  I  have  myself  recently  seen  a  copy  of  this  catalogue,  and 
talked  with  tint  gentleman  who  prepared  it.  Its  material  is  taken 
bodily  from  tlie  hand*book — dimensions  and  properties  of  materials 
being  in  the  metric  system.  It  was  not  intended  that  this  state- 
ment shonid  convey  the  idea  that  steel  was  being  rolled  to  metric 
dimensiotis,  but  that  the  present  forms  eonld  be  used  in  stnictnral 
work  ^itli  metric  dimensions.     An  esamination  of  these  foi;\w% 
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will  show  that  the  dimensions  are  carried  otit  to  the  thoiisandtha 
of  an  inch*  The  same  diiuonsicm^  exjiresscd  in  centimetres  and 
hundredths  of  a  centimetre  woiUd  be  suffieientlv  aeenratej  and 
would  be  little  more  diffirnlt  to  handle  than  the  diineii^ions  now 
nsed  in  such  mate  rial. 

The  origin  of  the  statement  that  tlie  Xational  Tube  Works  had 
one  of  it::^  latgei^t  niills  fitted  up  for  turning  out  work  iu  the  nietne 
sygtem  was  as  follows ; 

In  fitting  uji  the  maehine  and  iiistrumeut  shop  at  the  Xational 
Bureau  of  Standards  it  was  deisiretl  to  tiso  the  metric  systeui. 
Several  letters  were  addresst^d  to  the  mannfaetnrers  of  small  tor^ls 
and  BUfj]>lies  as  to  what  small  took  and  snpplies  could  be  secured 
aceordiug  to  inetri<f  nieaj^urenn^nts.  Ab  a  result  <vf  thit^  investi- 
fralion  it  was  found  that  all  nf  tlie  Muall  took,  inclndiug  drilk, 
taps,  dies,  reamers,  arlxtrs,  ete.,  nneded,  efiuld  be  secured  in  the 
nic*trie  system,  and  the  shop  has  been  fitted  out  accordingly* 

From  a  letter  received  from  the  First  Vice-President  of  the 
:N^ational  Tnbe  Wnrks,  and  dated  Pittsburg,  March  11,  lf*02,  I 
quote  the  following  paragraph : 

One  of  our  largest  mills ,  that  leeati-d  at  MeKeeaport^  Pa*,  is  equipped  to 
niake  inateria!  for  export,  and  for  tliL**  trii<it*  wr*  tm"  <il>ligf'd  to  lisp  the  inetrle  sys- 
tem, so  tluit  we  should  probably  be  irr  a  p<>siti(jii  to  fumi«?h  anytliinp  in  the  way 
of  tuliular  goods  that  may  be  required  by  your  di*|mrtment  made  aeeordii^g  to 
the  metrie  sy ostein  of  weights  and  measure'?^-  Your  iuipreBi^ron  tliat  we  manufiw^t- 
ure  other  lulling:  than  gfk*,  sO^ani  and  waler  [>ii>e,  is  eonvet — we  manufacture 
probably  even'thing  tliat  is  turned  out  in  the  way  of  tubular  goods^ 

llere  again  the  statement  was  made  to  show  that  niaterial  (»f 
eonstntetion  eonld  be?  obtained  in  metrie  dimensions — a  very  essen- 
tial matter  if  tlie  (loverument  is  to  intn^duee  the  metrie  sy^steni- 
It  is  not  nnlikely  that  in  tin*  |jrodiiet  of  nuiteriuk  to  metric  di- 
niendons  many  mimufueturerB  measure  the  dimension!^  lu  thou- 
sandths iif  an  iiicdi,  lait  wbat  i]oe*^  t\m  matter  so  long  as  the  re- 
quired ditneusions  are  prodneed  with  a  suffieieut  degree  of 
aecnraey? 

It  h  not  at  all  improbalde  tiuit  ma u of ae hirers  will  pome  day 
decifle  to  adopt  stan third  wire  and  siheet-metal  gangOB.  When  this 
h  ilonv  it  IB  ho]N*d  tlrey  will  be  hi  the  Internatioual  iretrie  Ryetenu 
No  one  u|)preeiates  more  than  I  the  energy ♦  ability  and  progres- 
sivenefts  which  has  brought  the  Ainerieau  manufacturere  to  excel 
tlio  world  in  many  of  onr  produets;  espeeially  is  this  true  in  the 
manufaetnre  of  marhinery« 
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Tlios(?  ^'lio  were  fortiiiiate  to  visit  tlie  exliibliion  of  naacliinery 
at  Diis.seklnrf  this  Inst  f^iimmer  must  have  been  iiiipreB^eil  with  the 
fact  timt  if  we  are  to  rettiiu  this  siipreiiiiiej  it  will  be  bv  progress^ 
and  not  by  saving,  ^*  Let  the  world  come  to  ns,"  Gerinftnv  has 
been  dependent  upon  ub  very  hirirely  for  iniK-hinery  in  the  past 
She  is  endeavoring  to  get  along  wit  hunt  us  jn^t  as  soon  as  possible. 
The  nse  of  Ameriean  maehinery  in  Germany  has  undoubtedly 
Im Might  about  to  a  eertain  extent  the  use  of  our  sy^teiu  of  serew 
threads,  but  it  eannot  be  saiti  to  be  the  system  in  common  iise^  and 
its  use  m  on  the  decline  rather  tlian  on  the  increase. 

The  Advuiiee  Hlieets  on  Consular  lieporta  for  November  24^ 
is  taken  ui*  entirely  hj  a  report  by  the  Hon.  Frank  A*  Mason, 
Consul-General  at  Berlin.  He  enumerates  articles  for  w^liieh  there 
is  a  demand  in  ( Seruiauy,  and  in  which  a  more  or  less  jmtspcroua 
export  trade  has  been  develo]>ed  hy  cKporters  in  the  lTnitt*d  States, 
who  take  the  trrml)le  to  secure  good  eouneetiona  an<l  proceed  by 
proper  methods.  In  tlic  item  coiicerni ng  niaehiuc  tools  and  ma- 
chinery ifn  fonntl  the  (ulhiwing  statement : 

it  is  wtll  known  that  Gt.^nimuy  la  now  passing  thrutigh  n  period  of  iiidiistriai 
drpntssion,  and  has  to  a  great  e?£t*^iit  re«trietod  th*^  fnx'tlon  nf  new  manufactur* 
ing  o^lahliithinc-nrs  which,  during  the  pt-riod  htnn  18!:>8  to  1900,  made  such  large 
dt'maticb  on  the  ptuveyors  of  Anirrican  maf  hint-rv^  and  tools.  It  is  also  true  that 
thiH**  irnportt'il  lathes,  plam^rs,  nuliiti^?  and  Qther  niachiacs,  have  Jx'en  used  to 
reproikict*  t h^'^n?:elyeM  and  to  luak*?  manj"  kindg  of  inaoliinery  and  tools  no  rxcel- 
Jeiit  iti  quail  I  y  and  eht-np  in  cost  that  Gernmay  h^i^  Iw^come  a  s;elf-s^iipj>oHiiijT  ex- 
portf^r  of  nmny  sux  h  appluinces  which  wen*  forniprly  imported  from  tfie  t*nit^?d 
Htat^n*  l^ut  whil*'  all  this  is  true,  there  b  8lill  a  dfrnand  in  thi«  country  for  many 
special  forms  of  tnat'hinery  and  other  nmnuriu-t m^s  of  iron,  which  is  only  apparent 
to  those  diit'ctb'  corieerned  in  that  dam  of  !  rad<>. 

Toward  the  end  of  the  Report  the  following  paragraph  is  fonnd : 

It  ni-et|  hartll>'  be  n^pf'ati'il  that  in  all  the  foreiioiii^,  whether  relating  to  dried 
fiiih,  fire  exTminnsherH,  goose  fat,  or  ir»aeliinerv,  I  lie  point  should  always  be  kf*pt 
m  iiiind  to  mtjke  nverv  thinj*  i*fi  (jUiii  and  vasy  Jia  possible  for  the  buyer.  Ameri- 
eann  fict-ni  generally  umtlilt*  to  realiz**  that  a  nation  whieh  af<pirt?s  to  do  a  large. 
t?xport  Imdi^  mn«t,  h^  a  rnle,  d*'Jis»T  its?  gtuKls  m  the  country  ivhcre  they  are  lo 
lie  !^old  and  coiiAtnned.  Xot  only  this«j  but  they  must  be  offered  in  langnagtfj 
wi?ightH,  tnciiifurt^H,  an<l  values  which  the  nifTchantsand  purehamng  jn^opk'  of  the 
count rj^  can  uniierwtand.  The  theory  th»t  cataloirues  an«i  pri(^^  lists  in  American 
wei^fhta,  niea^urrmenU,  curreney  and  terms  of  payment.i  will  draw  orders,  pro- 
vided i\w  claim  of  gufierior  quality  ia  made  strong  enoughi  has  been  fatally  ex- 
ploded by  cacpe  Hence, 

I  <Io  not  cpiotc  thi^  as  pviJt^ncc*  tliat  it  is  ahBolutelv  neeeflsary 
to  change  the  iltJiieiisions  of  machines  skipped  to  Germanjj  but 
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to  show  that  there  is  a  need  for  the  adoption  of  the  metric  system 
if  we  are  to  develop  commerce  with  foreign  countries.  It  would 
naturally  be  supposed  that  a  German  manufacturer  would  give 
the  preference  to  a  machine  built  in  the  system  of  units  with  which 
he  is  familiar,  all  other  things  being  equal. 

The  question  is  also  asked :  '"  Why  should  we  go  to  France  or 
Gennany  for  our  weights  and  measures?"  The  reply  is: 
"  Because  they  have  something  that  is  worth  going  for.  We 
should  not  hesitate  to  accept  that  which  the  leading  thinkers  of 
the  day  have  pronounced  good,  merely  because  it  is  French  or 
German. 

Keference  has  been  made  to  the  report  of  John  Quincy  Adams 
upon  the  metric  system.  Mr.  Adams  evidently  intended  to  pre- 
sent both  sides  of  the  question — both  the  advantages  and  the  dis- 
advantages— as  he  saw  them.  In  fact,  in  summing  up  the  con- 
clusions of  his  report  we  find  the  following  statement : 

In  freely  avowing  the  hojx?  that  the  exalted  purpose  first  conceived  in  France 
may  be  improved,  p>erfected,  and  ultimat<4y  adopted  by  the  United  States  and 
by  all  other  nations,  equal  freedom  has  been  indulged  in  pointing  out, the  errors 
and  imperfections  of  that  system,  wliich  have  attended  its  origin,  progress  and 
present  condition. 

And  the  report  is  concluded  with  the  following  statement: 

France  first  surveyed  the  subject  of  weights  and  measures  in  all  its  extent  and 
all  its  compass.  France  first  beheld  it  as  involving  the  int-erc^st^,  the  comforts 
and  the  morab,  of  all  nations  and  of  all  after  ages.  In  forming  her  system,  she 
acted  as  the  representative  of  the  whole  human  race,  present  and  to  come.  She 
has  established  it  by  law  within  her  own  territories ;  and  she  has  offered  it  as  a 
benefaction  to  the  acceptance  of  all  other  nations.  That  it  is  worthy  of  their 
acceptance  is  believed  to  be  beyond  a  question. 

The  rei)ort  of  ]\Ir.  Adams,  while  unfavorable  to  the  adoption  of 
the  metric  system  at  that  time,  certainly  cannot  be  classed  as 
unfavorable  to  its  ultimate  adoption.  Especially  is  this  true  since 
time  has  sliown  that  many  of  his  ol)jections  were  without  founda- 
tion. The  system  has  stood  the  test  of  time.  Its  use  has  gradually 
extended  throughout  the  Avorld,  and  it  is  the  only  system  which 
may  claim  any  pretence  whatever  of  l)eing  a  universal  system. 

Keference  has  also  l)cen  made  to  the  report  of  Professor  Davies 
in  the  following  statement: 

The  reports  of  John  Quincy  Adams  and  of  Professor  Davies  represent  the  con- 
clusions of  the  only  American  investigations  of  this  subject  worthy  of  the  name 
which  have  ever  been  made. 
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It  h  suggested  that  Profos>isor  Davie^^  report  be  read  in  connec* 
tion  with  President  Barnard's  address  on  the  '^  Metric  System  of 
Weights  and  Mea^ure^y''  delivered  before  the  convocation  of  the 
University  of  the  State  of  Xew  York,  at  AlbanVj  August  1,  1871. 
Some  of  the  arguments  in  the  paper  under  discusfiion  are  similar 
to  those  contained  in  Professor  Davies*  report.  President  Bar- 
nard's address  wai?  intended  as  a  reply  to  this  report,  and  answers 
many  of  the  objeetions  raised, 

Mr.  F.  A*  Hahey. — In  reply  to  Professor  Stratton,  I  would  like 
to  observe,  first  of  all  the  reader  will  be  impressed  by  the  manner 
in  which  Mr,  Stratton  fnils  to  make  any  spc^cifle  reply  to  my  facts 
or  deductions.  He  is  the  prime  mover  of  the  present  pro-met ric 
tuovement.  We  have  a  right  to  expect  from  bini,  of  all  men,  a 
definite  statement  of  the  advantages  whieh  are  to  compensate  for 
the  cost  of  the  adopt  inn  of  the  system ;  but  lie  deals  in  nrithing 
but  generalities.  When  the  leader  of  the  metric  advocates  thus 
practically  ignores  my  oft-repeated  question,  What  is  it  all  for? 
the  unbiased  reader  can  only  conclude  that  he  faih^  to  accept  my 
challenge  and  names  the  advantages  because  he  cannot  name 
them. 

The  preference  of  Mr.  Stratton  and  his  friends  for  the  metric 
system  sheds  no  light  upon  the  only  question  at  issue:  Are  the 
advantages  of  the  system  sutlteient  to  justify  a  century  of  con- 
fusion and  the  sacrifice  of  all  mechanieal  standards? 

The  favorite  statement  of  the  metric  advot^ates,  that  there  is 
nothing  to  prevent  the  dividing  of  metric  unit?  by  successive  halv- 
ings is  disingenuou.s.  The  ad^^aiitages  claimed  for  the  system  are 
based  on  the  deiimal  division  of  its  units.  To  divide  it^  unitj§ 
by  successive  halvings  is  to  surrender  everything  characteristic  of 
it  except  tlie  interrelation  of  the  unit^,  whieh  is  of  such  slight 
imiKprtance  in  the  practical  aifairs  of  life  as  n*>t  to  he  worth  cfm- 
sidering, 

I  do  not  think  that  the  extent  to  which  I  have  sliown  old  units 
to  be  ^till  ill  use  in  metric  countries  can  be  ade<]uat(  ly  <lescribed 
by  Mr,  Stratton's  word  *^  trace/'  Who  except  a  metric  advocate 
could  compare  my  exhibit  of  facts  with  the  "  traces  of  the  Eng- 
lish system  of  money  in  this  country  ?''  What  is  the  testimony 
of  one  German  mechanic,  of  whose  trade  we  are  not  told,  and 
who,  for  all  we  know,  may  have  l>een  a  scientific  instrument  maker, 
worth  against  the  mass  of  testimony  I  have  presented?  Jlr,  Strat- 
tun  needs  heavier  anununition  than  this. 
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"  The  scientific  world  Imig  ago  settled  tlie  question  " — for  itself. 
The  attempt  of  the  scientific  and  political  worMa  to  foist  this  thing 
Upon  the  industrial  world  is  one  of  tlie  moiiuinental  pieces  of  as* 
euraneo  of  the  past  cenUiry*  In  this  connection  it  may  be  advigable 
to  state  the  difference  hetween  scientitic  and  industrial  measure- 
ments. The  scientifie  nse  of  measurements  consists  of  the  measure- 
ment of  existing  things.  Tlie  industrial  use  of  mcfisiirements  con- 
sists in  the  making  of  things  to  a  reqoire<l  size.  In  the  scientific 
use  of  measurcroents  a  standard  size  is  exactly  the  thing  we  do 
not  expect  to  fimi  In  the  indiis^trial  use  of  measurements  we  use 
standard  sizes  hahitnally»  and  have  ecrtnln  standards  which  wo 
wish  to  prcscrYe,  but  this  we  cannot  do  if  we  change  our  system  of 
measurements,  A  scientific  unit  of  measurement  may  hence  be 
changed  with  comparative  ease ;  an  industrial  unit  witli  great  diffi- 
citlty.  Add  to  this  the  enormously  greater  relative  and  aetnal  lis© 
of  computation  in  scientific  as  compared  witli  induj^trial  work,  and 
we  have  a  complete  ex|»laiuition  of  the  tlifferent  attitudes  of  scienti* 
fie  men  aud  manufacturers  on  this  subject. 

The  fact  that  the  Government  does  not  establish  standards  has 
no  apidication.  The  point  is  that  in  this  bill  the  Government  is 
doing  all  in  its  power  to  destr<»y  exiRting  standi rtls. 

There  is  no  question  regarding  the  right  of  the  Government  to 
adopt  the  system— the  qu(^^til>n  re  bites  tn  the  Avisdom  of  tliat  act. 
The  bill  would  '*  involve  its  use  only  in  such  work  as  originates  in 
the  departments."  In  other  words  its  puryjose  is  to  bring  about 
a  Government  metric  system  and  a  common  English  system*  It 
-vvill  further  introduce  an  abrupt  break  in  the  equij*ment  of  the 
army  and  navy,  while  the  product  of  the  navy  yard^  will  be  in 
one  system  and  their  equipment  in  another— and  this  is  to  be  done 
in  the  name  of  nniformity. 

So  have  I  seen  the  Spanish  catalogue  of  the  Carnegie  Steel 
ComiiauY,  and  there  is  no  excuse  for  any  one's  coniounding  it  with 
that  company's  Kngllsh  hanfM>i>ok. 

Commercial  men  have  litlle  knowledge  of  what  is  meant  by  the 
*'  adoption  of  the  metric  systcTn,''  The  National  Tube  Works  re- 
ceives orders  expres^scd  in  metric  units.  These  arc  filled  as  Mr, 
Patterson  has  saiil  in  paragrnph  4,  with  goods  made  to  tlic  nearest 
e(jnivalent  English  dimension.  The  orders  are  filled,  aud  the  first 
Tice-pret^ident  obviously  supposra  tiiat  to  mean  that  the  tnbcs  are 
made  to  metric  dimensions.  Of  course^  the  letter  of  Mr.  Patter- 
son, in  paragraph  4^  is  authoritative  as  is  this  statement  in  a  more 
recent  letter; 
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"  This  company  la  nrit  in  favor  of  any  movement  looking  toward  &  radkal 
change  in  tho  stan<lard  of  measurtniumtii/' 

'*  TUo  use  nf  Anitn'ican  iiiacliinpry  in  German j  has  undoubtedly 
brought  abcmt  to  a  certain  extent  the  use  of  our  system  of  screw 
fh roads,  hut  it  cannot  be  said  to  be  tlie  system  in  eouimon  use." 
Screw  tlircadn  baHed  un  the  inch  (true  or  modified  Whit  worth 
standard)  are  in  practically  imiTersal  use  in  Germany,  including 
the  Bhipti  of  the  Geriium  navy.  This  Is  known  to  everybody  who 
knows  anytliing  about  German  maebinc-sbop  practice, 

I  can  see  nothing  pertinent  to  the  discussion  in  Consul-General 
Mason's  report^  except  tliat  goods  *^  nuist  be  offered  in  language, 
wetglit^,  measures  and  valuesj  which  the  purchaners  of  the  cmintry 
can  nnderstand,"  wliieh  I  have  discussed  in  paragraph  80.  The 
ojieniug  sentence  of  the  paragi'aph  following  thit  extract  fr^nn 
CtmstihGeneml  Masson  may  be  stated  more  briefly,  thus:  "  it  is  not 
necessary  tti  Uf^e  the  .system,  l>ut  we  ought  to  adopt  it ''— tlie  mean- 
ing of  wliieh  is  too  profound  for  me. 

**  It  is  the  only  system  which  may  chiitn  any  pretense  whatever 
of  being  a  nni verbal  system/'  The  auionnt  of  manufaeturfug  and 
of  international  eonimeree  done  in  the  metric  system  m  small  coni- 
parci]  witl^  that  thme  iu  tin*  Englinh  system. 

Mr,  f^truitun  has  quoted  some  of  the  passages  from  John  Quincy 
Adams,  to  wliich  I  refer  in  paragraph  7j  m  seemingly  inconsistent 
with  the  ref^ort  as  a  whole.  These  passages  sboidil  be  interi^reted  in 
the  light  of  those  given  in  paragraph  0,  *^*  As  this  system  is  yet  new, 
im|>crfect  and  susceptible  of  great  improvement/^  "  It  is  believed 
that  the  French  systein  ban  not  attained  that  perfect  ion.*'  Fol- 
lowing nre  additional  extraeti!  of  the  same  import  from  page  2 If). 
*'  But  that  system  is  not  ;^^t  complete*  It  is  susceptible  of  many 
moditieations  and  improvements;"  also,  ^^Time  and  experieuee 
have  already  dictated  many  inj}irovenieTit-s  in  it.^  mechanism,  and 
others  may  and  untlonbtediy  will  be  found  necessary  for  it  bere- 
a/ter," 

There  c*an  !«•  no  doubt  that  the  few  general  exi>reHsionfl  of  ajv 
pn>val  ri*fer  to  the  system  a.^  tlins  im]jroved,  one  of  the  improve- 
ments which  Mr*  Adams  expected  being  the  relaxation  of  what  be 
calls,  **  this  deeirnal  desp<Jtism/*  N(*te  that  ev<*n  the  quotation  of- 
fereil  by  Mr.  8trattou  sj^eaks  of  the  systeTri  as  "  iuiproved  "  and 
'•  perfected/'  Iwfore  its  adoption  by  the  United  States.  "  Time  has 
^hown  that  many  of  his  objections  were  witbont  fonndation," 
Why  does  not  iln  Stratton  name  them^     lie  mnnoL     Time  has 
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only  strengthened  Mr.  Adams'  objoetioiiB  and  added  another 
greater  ihmi  all— the  anchoring  of  existbg  units  in  manufactur- 
ing inriustry. 

Will  the  reader  please  recall  that  Mr.  Stratton  is  the  lead(?r  of 
the  present  metric  movement,  tind  will  lie  then  please  read  again 
liia  didcni^tjion  with  a  view  of  finiling  a  statement  of  the  advantages 
which  are  to  recompense  us  for  the  confusion  and  sacrifice  due  to 
the  destruction  of  all  mechnnieal  f^tandards;  or  for  any  proof  that 
such  standardi^  will  not  be  destroyed  ?  Will  he  search  for  anything 
except  glittering  generalities  and  general  assertions  and  denials 
that  mean  nothing  'i    What  h  it  nil  for  ? 

The  Chair  then  called  upon  lion.  J,  H,  Southard,  wlio  spoke  as 
follows ; 

Hon  J.  JL  SouthanL — I  came  here  not  expecting  to  say  a  word ; 
I  came  to  listen  and,  if  j>os.sibk%  tn  learn,  I  see  that  a  conspiracy 
has  been  formed  against  me,  and  this  is  the  result  of  it.  I  think, 
tlioughj  you  will  have  to  suffer  with  me.  At  the  outset,  I  wisli  to 
say  that  I  disclaim  any  special  know^h^dge  of  this  subject,  I  am 
neither  a  juechauie  nor  a  uieehanieid  engineer,  I  have  heard  a 
great  deal  of  the  metric  system.  1  know  a  good  deal  of  what  other 
people  say  and  have  said  about  it.  I  have  heard  a  good  many 
thingii  about  it,  and,  so  far  as  I  have  been  ahlt\  with  niy  limited 
knowledge  of  mechanics  and  matters  in  generalj  I  have  tried  to  find 
out  whether  tliese  things  are  true  or  ^>lher\^ise.  A  gno<l  many 
peojile  take  a  very  narrow^  view  of  this  subject.  One  man  said 
he  didn't  want  it,  I  said  why!  He  said  because  it  is  French. 
I  have  always  taken  the  position  that  it  doesn't  make  any  difference 
whether  it  is  French  or  something  eke,  so  long  as  it  is  good.  It 
put  me  in  mind  of  the  story  of  the  old  lady  who  prayed  for  bread* 
She  was  a  very  devout  woman,  and  her  custom  of  daily  prayer 
was  this ;  she  would  regularly  kneel  by  her  broad  fireside  and  pray 
for  that  which  she  most  needcd^and  that  was  bread*  One  of  her 
neighbors,  knowing  this,  climbed  to  the  top  of  the  house,  and  during 
tlie  old  lady's  prayer  droppetl  a  large  loaf  of  bread  down  the 
cliinmeyj  where,  to  her  amazement  it  bounded  out  on  the  hearth. 
Then  she  began  very  fervently  to  thank  God  for  so  (puekly  answer- 
ing her  prayer;  and  while  .she  w^as  doing  this,  the  neighbor 
clambered  do%vn  from  the  house-top,  entered  the  room  and  said, 
^^Don-t  thank  God  for  that  bread;  I  brought  it  myself,"  She 
replied,  *^  The  devil  may  have  brought  it,  but  God  sent  it  just  the 
same/'  and  went  on  praying.     Jfow,  if  it  is  good,  whether  it  is 
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Frencli,  or  Engllsbj  or  German^  or  Spanishj  we  want  it.  The 
de&irable  thing  is  a  universal  system  of  weights  and  measures.  I 
have  never  yet  found  a  man  who  has  not  professed  to  believe  that 
if  we  eoiild  have  a  nniform  system  of  weights  and  measures 
through  out  the  wnrhl  it  woiihi  be  a  eonsuniniation  most  devoutly 
to  bt*  wished.  The  *]iiestions  are:  '^*  What  si  ton  hi  that  system  he'l 
How  t^hall  we  get  it!  *'  I  have  been  a  member  of  the  Committee 
on  Coinage,  Weights  and  JJeasures,  of  the  IToujse  of  Representa- 
tives  for  abtnit  eight  years,  and  during  that  time  we  have  had 
several  hearings  on  this  question.  We  have  invited  before  m 
from  time  to  time  men  who  are  supposed  to  have  had  the  greatest 
experience  possible  in  both  systems  of  weights  and  measures^ 
men  who  had  been  abroad,  men  who  have  had  not  only  practieal 
experienee  bnt  wide  opporKinity  for  ol>servation.  We  held  an 
investigation,  what  we  call  hearings,  during  the  last  session  of 
Congress.  I  t^iII  tell  you  what  we  did.  We  knew  that  scientific 
men  are  praetieally  a  unit  in  favor  of  the  nietrie  BVj^tem.  We  knew 
that  men  engaged  in  educational  pursuits  all  over  the  eoimtry 
are  for  it  almost  to  a  man.  We  said  it  is  of  no  use  to  call  in  those 
[K'ople ;  we  know  wiiat  their  sentimenf^  are  now*  We  said  let  us 
ilireet  onr  impuries  to  the  quarters  from  which  we  may  expect 
some  opposition.  We  determined  upon  that  course.  We  knew 
that  there  was  some  opposition  among  the  members  of  this  So- 
ciety. We  knew  tliat  among  the  mechanical  engineers,  among  the 
mneldnishSj  there  were  some  who  opptjse  the  adojition  of  the  metric 
system.  Wlierever  we  knew  of  a  man  whose  opinion  we  thought 
would  l>e  vahiahle  and  knew  that  he  was^  against  the  metric  system, 
he  received  an  invitation  to  a[>pear  before  our  Committee.  In 
other  eases  we  ret|nesteil  hrms  and  corporatitma  to  send  representa- 
tive men  be f* ire  [lie  Committee,  ilr.  Bond  h  here;  we  knew  he 
M-as  yomewljat  opposed  to  the  adoption  of  the  metric  Bystem,  and 
we  sent  him  an  invitation.  I  think  we  sent  one  to  Mr*  Coleman 
Sellers;  1  know  we  sent  him  an  invitation,  and  we  knew  that  he 
vrm  not  \n  favor  of  itss  adoption.  We  sent  an  invitation  to  tha 
Brown  &  Sharpe  Company,  and  to  other  tool-making  concerns;  to 
the  Natirmal  Briilge  Company;  to  the  Baldwin  Locomotive  Works, 
and  to  the  great  iron  and  steel  and  electrical  manufacturing  com- 
panies of  the  country.  We  sent  invitations  to  merchants  and 
manufacturers,  a  great  many  of  them.  We  thought  that  any  exist- 
ing opposition  to  the  adoption  of  the  metric  system  would  develop 
from  these  sources. 
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Now,  the  result  of  all  this  is  the  pamphlet  of  testimony  that  I 
have  here.  This  does  not  contain  all  that  was  said  or  done  before 
the  Committee.  A  great  deal  happened  after  this  went  to  press, 
but  it  docs  contain  the  testimony  of  quite  a  large  number  of  those 
who  appeared  before  the  Committee.  The  result  was  the  same 
as  at  the  previous  hearings — the  testimony  was  overwhelmingly 
in  favor  of  the  bill  that  we  w^ere  considering.  That  does  not  mean 
the  adoption  of  the  metric  system  generally  throughout  the  coun- 
try. It  means,  if  the  bill  passes,  the  adoption  of  the  metric  system; 
that  is,  the  use  of  metric  weights  and  measures,  by  the  depart- 
ments of  our  general  Government.  It  does  not  mean  anything 
in  a  compulsory  way.  There  is  not  a  word  in  this  bill  looking  to 
compulsion.  Compulsion  was  not  thought  of  in  connection  with 
the  matter.  You  know,  theatrical  people  have  a  way  of  testing 
plays  before  they  put  them  permanently  before  the  public;  that  is, 
they  get  ready  to  produce  a  play,  and  then  they  designate  some 
tOAvn  where  they  will  go  and  give  the  first  performance  of  it.  They 
call  that  trying  it  on  the  dog.  They  want  to  see  what  effect  it  is 
going  to  have.  Well  now,  this  is  a  proposition  to  try  this  matter 
on  the  dog — to  try  it  on  the  Government  first.  If  the  Government 
cannot  stand  it,  then  we  have  no  right  to  ask  the  people  to  stand 
it.  There  is  nothing  in  the  provisions  of  this  bill  which  will  in 
any  way  interfere  with  your  business.  I  have  got  a  copy  of  the  bill 
liere,  and  with  your  permission  I  am  going  to  read  it.  It  is  very 
short.    I  will  omit  the  heading  and  formal  parts : 

That  on  and  after  the  first  day  of  January,  1904,  all  the  Departments  of 
the  Government  of  tlie  United  States,  in  the  transaetion  of  all  business  requir- 
ing the  use  of  weights  and  measures,  excepting  in  completing  the  survey  of 
public  lands,  shall  employ  and  use  only  the  weights  and  measures  of  the  metric 
system  ;  and  on  and  after  the  first  day  of  January,  1907,  the  weights  and 
measun's  of  the  metric  system  shall  be  the  legal  weights  and  measures  of  the 
United  States. 

Xow,  what  is  there  in  this  bill  which  looks  towards  compelling 
any  one  to  do  anything  except  in  the  departments  of  the  Govern- 
ment ?  We  take  it  for  granted  that  if  we  pass  a  measure  of  this 
kind  it  will  be  enforced  in  the  T)e])artnients  of  the  general  Govern- 
ment by  executive  order.  This  bill  has  been  submitted  to  the 
Attorney-General  of  the  United  States,  and  he  agrees  with  us  in 
saying  that  there  is  nothing  of  a  e()ni])nlsory  nature  in  the  bill 
except  as  stated.  The  latter  part  of  the  bill  might  indeed  be  elimi- 
nated as  surplusage,  if  thought  wise  or  necessary.    You  might  say 
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that  the  Gorman  iBiije^age  should  be  the  loga]  langnagt?  after  a 
certain  date.  This  woiihl  not  couipel  any  one  to  me  tiie  German 
IaTlgTlag1^  It  would  not  pr^vont  the  nae  of  the  English  language. 
Yon  will  .SUV,  then,  what  h  the  use  of  the  hill!  What  is  the  pur- 
pose of  it  i  1  \dl]  tell  Tou.  It  13  to  simplify  and  briug  about  uni- 
fopniity  in  weight.^  and  uieawurejs  in  the  departnientrt  of  the  general 
Governnieiit  in  this  eonntr\y,  and  their  une  in  the  departmeDth*  will 
do  niueh  to  fauuHarize  thi?  imople  with  the  metrie  nieajsures.  Some 
of  tlie  Imrean^  now  nse  exelnsi%'ely  t!ie  melrie  Bysteni.  They  deal 
iu  nietrit*  units  entin^ly.  Tiie  testimony  of  the  Surgeon-Cieneral 
of  the  United  States,  Surgeon*General  Sternberg^  is  contained  in 
thiti  pamphlet  that  T  have  here.  lie  iaasued  an  order  that  after 
three  or  six  monthi*^ — I  have  forgfjtten  tJie  length  of  time^-tn^ery* 
thing  in  his  department  requiring  weights  and  measures  should 
Ite  in  the  njetrie  sv.stein.  Now,  he  tells  ns  here  that  he  never  had 
a  particle  of  trnuhle  with  the  system  after  the  date  first  set  for 
it»i  use. 

The  argument  of  the  gentlemen  who  presented  the  paper  hero 
to-day  reuiinded  nie  very  f(*reil>ly  of  a  great  many  uf  the  argnmenta 
that  we  liave  heard  in  favor  of  the  adoption  of  the  yystem»  He 
says  that  the  weights  and  measurcB  in  use  in  the  textile  industry 
are  in  aluKJiSt  hopeless  eonfnwion.  We  have  no  doubt  abenit  t!u^  con- 
fu^iion  whieh  existw  in  the  textile  in  J  list  ry*  Is  that  any  reason  why 
we  should  my  we  cannot  remedy  the  situation  ?  1  think  not.  The 
worse  the  ^ituatitm*  the  louder  tlie  call  for  a  remedy.  I  had  a  eon- 
vcriaation  with  a  gentleman  here  to-day  who  said  that  if  tliis  bill 
should  become  a  law  it  would  cost  him  $10t\000.  I  ask  you 
why?  Tcdl  me  why?  {'nmiJanUlvely  few  of  our  niauufaetnrera 
riianufaetiire  for  the  (invernment.  Why  should  it  cost  anybody 
whn  d(H^s  manufacture  for  the  Govermnent  any  considerable 
hiimi  Suppose  a  manufacturer  has  made  a  inaebine  for  the 
Government,  and  suppose  the  (bivernnient  shonhl  leave  an  order 
with  him  Ui  duplieate  sncli  machine,  couldn't  he  duplicate  it  with- 
out any  exiiense  over  and  above  that  involved  in  the  building  of 
the  first  maebine  ?  Why  not !  And  if  necessary,  lie  could  f  urniab 
that  niachioc  to  the  Government  in  metric  measurements*  It 
would  require  a  little  comjmtation.  But  wherein  comes  the  ex- 
pf*n>ie?  There  is  nothing  about  it  wliich  interferes  with  your  busi- 
ne^.St  I  say,  or  with  mine,  in  any  degree  whatever.  It  simidy  re- 
quires the  Departments  of  the  Government,  in  the  transaction  of 
their  businesBj  to  use  the  weights  anil  measures  of  the  metric 
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system.     If  it  operates  well  there  it  will  popularize  the  metric 
system  in  this  country.    - 

Ifow,  as  has  be(*n  stated,  we  have  these  two  great  systems  of 
weights  and  measures  in  use  side  by  side.  The  metric  system  is 
only  a  little  over  100  years  old.  During  that  time  it  has  encircled 
the  globe.  More  ])eople  use  the  metric  system  than  use  the  English 
system  to-day.  We  have  two  great  English-speaking  countries — 
great  in  a  conmiercial  and  manufacturing  sense,  great  in  popula- 
tion— both  using  the  English  system.  What  is  the  English  system? 
It  has  its  bushels,  its  barrels,  its  pints,  its  pounds,  its  long  tons, 
short  tons,  gross  tons,  its  many  ratios,  its  numerous  units  having  the 
same  name  but  differing  materially  in  value  each  from  the  others. 
Is  it  possible  that  the  world  is  coming  to  a  system  of  that  kind  ?  I 
have  never  yet  found  a  man  who  would  say  that  he  believed  that 
what  we  cajl  the  English  system  of  weights  and  measures  can  ever 
become  imiversal.  Yes,  I  heard  one  say  so  here  to-day,  but  he 
is  the  only  one.  You  will  find  the  testimony  of  many  people  re- 
corded in  this  pamphlet  who  have  said  that  they  believe  the  metric 
system  is  destined  to  become  universal.  It  is  said  that  two-thirds 
of  the  people  of  the  world  to-day  use  the  decimal  system.  Only 
a  few  years  ago  a  special  committee  of  seventeen  was  appointed 
by  the  English  Parliament  to  investigate  the  subject,  and  that 
committee,  by  a  vote  of  sixteen  to  one,  reported  in  favor  of  the 
com])uls(>rv  ado])tion  of  tlie  metric  system  in  Great  Britain.  I  have 
in  my  y)ossession  a  letter  from  the  Secretary  of  the  Decimal  Asso- 
ciation of  Great  T>ritian,  containing  the  names  of  nearly  a  majority 
of  Parliament,  all  of  whom  have  expressed  in  writing  their  willing- 
ness to  vote  to  make  the  system  com]uilsory.  Last  summer  at  a 
meeting  of  the  Colonial  Premiers  of  Great  Britain  a  resolution  was 
sustained  unanimously  a(lvo<^ating  the  compulsory  adoption  of  the 
metric  system.  Their  foreign  re])resentatives  have  spoken  in  its 
favor.  The  tendency  of  the  world  is  in  one  direction.  Ifobody 
has  ever  heard  of  a  country  which  has  adopted  the  metric  system, 
and  is  using  it,  that  has  ever  said  anything  about  going  back  to  the 
old  system.  Doubtless  in  the  textile  industry  in  France,  Germany, 
and  elsewhere,  and  pcM'liaps  in  other  industries,  weights  and  meas- 
ures are  in  a  state  of  confusion ;  but  I  am  satisfied  of  this,  that  we 
use  the  metric  system  v(m*v  mucli  more  largely  than  the  coimtries 
mentioned  use  any  other  syst(nn  than  the  metric  system.  So  far 
as  I  have  any  knowledge*  the  tendency  is  all  toward  the  metric 
system.    The  adoption  of  the  metric  system  has  been  recommended 
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bv  the  departniental  offict^s  of  dur  Govf^mment.  The  last  four 
of  five  secretaries  of  tfie  treasory,  after  careful  Investigation, 
have  reconimended  the  adoption  of  tlio  metric  weights  and  meaBtires 
lis  <nir  stotithirds*  Thii^i  k*i^islatiou  which  i^  now  proposed  is  in  Hne 
with  what  we  hetieve  to  be  public  opinion.  We  niaj  be  wrong 
alx)ut  it.  We  have  no  feeling  on  this  snhjecl:  une  way  ur  the  other. 
Wc  have  no  reason  fr>r  viewing  it  other%vise  than  eahnlj  an<l 
patriotically, 

Onr  projinsition  is  to  let  the  Government  trv  it  Wo  may  learn 
then  whether  or  not  it  is  a  go«><l  thing.  If  it  is  a  good  thing,  we 
aU  want  it.  We  know  how  close  to  the  IxAy  politic  you  gentlemen 
are.  Wc  know  liow  ini[>tirtant  a  part  yon  play  in  the  eonimercial 
affairs  of  this  country,  Wc  know  how  closely  you  are  ass^x-iated 
with  industrial  progress  and  all  that.  Yet  we  know  you  are  not  the 
whole  thing.  There  are  others.  [Laughter  and  applause.]  You 
are  good  people,  and  we  like'youj  bnt  we  shall  not  get  "  mad  "  if 
yon  don*t  think  just  exactly  as  we  do. 

I  believe  that  tlie  metric  system  is  coming  just  as  surely  as  the 
tides  arc  going  to  eoutinue  to  rise  and  fall.  The  tendency  is  all  in 
that  direetioji.  1  cannot  see  it  in  any  other  way.  Now,  the  question 
is,  if  we  are  going  to  have  it  ought  we  not  help  it  along  a  little? 
If  we  are  going  tr»  have  it  at  alK  thv  sooner  wc  get  it,  the  better. 
Now,  why  can't  we  try  the  ex]>eriineDt  on  the  dog'i  It  is  mit  g<iing 
to  affect  you  at  all:  it  is  not  going  to  affect  yonr  institution.  Brother 
niristie.    In  my  judgment,  it  is  not  going  to  cost  you  a  dollar, 

J/r*  Chrlsh'er — I  think  so,  too, 

Afi\  South nriL — And  so  do  the  majority  of  the  peopl(\  after  they 
study  this  hill  nnd  the  j>roludde  effects  of  it.  When  I  commeneed 
talking,  1  thtniglit  about  the  only  w^ord  1  cared  to  say  w^as  this: 
don't  do  a  rash  thing.  Don't  jump  on  a  thing  simply  because 
yon  don't  like  it,  because  sonn^  other  people  may  like  it,  and  it  is 
nut  going  to  affect  you.  A  good  many  people  would  like  to  see 
this  exiR'rimcnt  tricfl  A  good  many  people — and  good  people, 
t«>o, — ^beliove  just  as  I  do,  bceaiise  they  have  made  me  believe 
as  I  belh*ve*  I  am  a  somewliat  recent  convert  myself.  They 
believe  that  the  metric  svstem  is  coming;  that  it  is  here,  and  here  to 
stay. 

Now  I  am  going  to  read  yon  a  few*  lines  from  the  hearings 
jn^t  referred  to  and  from  the  testimony  of  Wm.  Whitman,  ex- 
President  of  the  National  Wool  Growers  Asseiciation.  During 
his  remarki^  before  the  Coimnittce  he  read  from  an  address  of 
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Benjamin  Apthorp  Goulds  delivered  before  the  Conimerdal  Club, 
of  Boston,  in  1888,  as  follows : 

"  In  the  year  1S50  was  published  a  rt*markabb  and  uaef  id  book  by  Mr,  Jolm  H* 
Alexttiider,  of  Balthnort^,  entitled  'A  I'nivtTNal  Dii^titJiiary  of  Wt^ight^  and  Meas- 
ures/ and  giving  the  ^iducs  of  standard  weights  mnl  measures  r*^duced  to  tlioei? 
of  tlje  ITiiited  Stat*«.  It  eoiit^iins  5.227  wi'ight,^  and  nii*aBim'K,  with  their  equiva- 
lents. Ijeaving  ai^ide  all  which  iin?  professedly  di*stiiirt  ynir.s,  I  had  the  eiiritjgiity 
Ut  eonnt  the  number  of  diffen'nt  kinds  of  pounds,  fw-t ,  inehes,  pints,  etc.  Takings 
for  example,  the  various  sorts  of  inches,  and  using  not  on  13^  tho  English  word 
**  inehf"  ijitt  the  corret^ponding  words  in  other  languages,  poiu^,  Zoll,  ete.,  I  found 
&}.  For  foot»  Fujis,  pied,  ete.,  there  are  135.  There  are  53  different  distanees 
CivUed  iTiilefi,  and  29  sorts  of  pints,  while  for  pound,  Pfundj  livre,  etc.,  there  are  no 
less  than  2351 

"  The  utt/er  confusion  creiit^ed  by  this  uncertainty  need  not  he  described.  Prob- 
ably mfMst  of  yon,  gentlemen,  may  ha\'e  had  some  experietiee  of  it,  although  tlie 
introduction  of  the  metric  fiystem  thrnu^hout  the  Eiirojx^an  eontinent  has  already 
brfiught  ri'lief.  But,  imtil  the  recent  unifications  of  Italy,  of  Germany,  and  of  the 
Austrian  Empire,  almost  every  petty  slate  had  its  own  meafiures,  and  these  were 
changed  fiy  law  froni  time  to  time.  Even  now,  those  of  ua  who  wish  to  know  the 
value  of  various  unit.s  in  England  hud  plenty  of  trouble.  If  we  are  tflld  that 
something  weiglis  so  many  stone,  or  rneai^nrea  so  many  quarters,  it  requires  a  con- 
8ideral>le  amount  of  knowledge  fir  expc^ricnce  to  obtain  the  forn^sp^jutling  idea, 

"The  weight  of  a  huinar!  being  1:1  generally  gii-'i^n  in  stone i^t  of  14  pininds  each; 
but  for  glass  a  stone  m  5  pounds,  fc:ir  nteat  It  is  8  pounds.  In  Heotland  it  varies,  in 
diffcrc^nt  places,  froni  17  to  22,  etc.  Then,  as  to  the  sort  of  pounds,  wc  must  aak 
whether  they  are  Troy  pounds,  and,  if  ^o,  whether  Scotch  or  Engli-sh,  or  tron,  or 
the  now  customan^-'  avoirdupois  pounds.  A  ''quartjer*'  may  lie  the  imperial 
quarter  of  about  8i  fiuf^hels  or  the  Wlnehcf^ter  quarter  of  just  8  btisht^U:  j'ct, 
when  we  come  to  !>ushi^ls,  there  are  sornr*  40  di(Tcri'id  fiorts — according  as  we  ms\y 
be  measuring  apples,  or  barley,  or  lagans,  or  bran,  tir  emd,  or  corn,  or  sfdt,  etc," 


Now,  18  it  at.  all  prol>al>le  tliat  tlie  W(>rld  is  f^oiiig  to  take  up 
and  make  iiiiiversal  such  a  svBteni  as  that?  So  far  as  I  know  there 
is  scarcely  anybody  who  entc-^rtaina  any  mwh  notion.  Wo  mnst 
^ot  sonu'thing  a  little  luore  definito,  Bonietliing  a  little  less  confus- 
ing* The  iiietre  is  tlie  .same  tlie  world  roinnl  So  is  the  liter  and 
so  m  the  gram.  That  is  one  great  advantage  that  the  mctrie  system 
ban  over  ours.  (Its  deeinial  eVuiraeter  throuajhont,  and  tlie  simple 
relation  between  the  nnits  niakiog  it  possible  to  derive  all  others 
from  the  unit  of  length,  its  elaBtieity,  the  ease  with  whieh  it  ia 
lea  rn  t*d  and  renieniberod  are  others.)  Tt  is  in  per  feet  aeeord  with 
our  system  of  notation,  thns  adding  to  the  aecqtriiey  and  facility 
witii  whieh  compnt^tions  umy  be  made.  That  which  chiefly  com* 
mends  it  to  us  at  thi?*  time,  however,  h  the  fact  that  it  will 
become  in  lime  tlie  universal  ^vstem 
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I  want  to  say  to  you  tbat  there  is  nothing  in  this  bill  to  get  ex- 
cited ahoiit.  I  would  like  to  have  somebody  tell  me  how  it  can 
affect  anv  one  of  yon  injuriously?  You  conld  fnrni,sh  tTie  same 
luachine  to  the  Govermnent  that  you  have  been  furnishings  in  the 
same  wrj  ;  yon  could  cxpresg  its  raeaanrements  in  the  terms  of  the 
metric  system,  if  the  UoveTTiment  required  it*  You  can  do  that 
with  a  resolution  or  without  a  resolution. 

X  think  that  the  purport  of  thm  bill  haa  been  misapprehended 
entirely.  1  would  be  very  glad  now  to  answer  any  question  that 
any  of  you  gentlemen  would  tike  to  ask  me^  if  I  caUi  but  I  think 
I  have  taken  up  more  time  than  I  should. 

A  Menther.~l  would  like  ti»  ask  Mr,  Southard  a  question,  Jlr. 
Southard,  you  istated  that  this  bill  does  nut  contemplate  any  com- 
pubion  at  all.  You  also  stated  that  it  was  contemplated,  meta- 
phorically flpeaking,  to  try  this  legislation  upon  the  dog — meaning 
thereby  the  general  Government — first.  You  have  further  made 
the  statement  that  certain  departments  of  this  Government  have 
alrea<ly  adopted  the  metric  system,  i^ow,  sir,  I  would  like  to  ask 
whetlicr  if  eertain  departments  of  the  Government  have  been  able 
to  make  the  adoption  of  the  metric  system  compulsory,  tlie  pro- 
posed bill  would  not  make  it  eonqiulsory  upon  everybody  else? 
Furthermore^  are  you  not  making  it  compulsory  upon  the  depart- 
ments of  the  Govemmeut  who  have  not  elected  to  use  the  metric 
system  J  Are  you  not  practieally,  therefore,  bringing  alnrnt  c^jm- 
pulsion  when  you  say  tlnit  you  want  the  (Tovemment  to  try  it 
first,  because  you  ailded,  that  if  the  Government  found  it  a  goml 
thing,  it  would  be  a  good  thing  for  all  ? 

Mr\  Soitfhardr — I  admit  tluit  so  far  as  the  departments  of  the 
Govemmeut  are  concerned  it  will  be  compulsory* 

A  Mf*inher.- — Then  if  those  departments  have  elected  to  use  the 
HKitric  system,  when  you  have  passed  this  bill  and  it  Incomes  a 
hiw,  you  will  be  making  it  eompubory  upon  all  the  departments 
uf  the  Government  to  use  it? 

}fr.  So  u  I  h  a  rd. — Y  es , 

A  Mcjnfwr. — So  jour  arginuent  is  not  in  line  with  the  real  aims 
of  the  bill,  because  when  I  read  this  bill  I  tiiid  tliat  it  is  compulsory. 
It  means  that  we  must  go  to  the  metric  system  throughout  after 
a  certain  date.  How  <lo  you  explain  yonr  argiunent  to  us  that  this 
i«  a  very  innot^cnt  proposition;  that  there  is  no  compulsion  intended, 
when  you  make  the  further  statement  that  certain  departments 
of    the    Government — moutioning    the    Surgeon-General— have 
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under  the  present  law  been  able  to  make  the  adoption  of  the  metric 
stantlar jw  in  their  dejmrtmentjs  coiiipvilsory  ?  Why  do  you  ask  for 
this  legiMiition  if  yon  do  not  need  it  ? 

Mr.  Southard. ~\Ve  have  ^aid  that  the  purpose  of  this  bill  is  to 
secure  uniformity  in  tlovermnent  transactions,  and  fur  tht*  further 
pnrpose  of  having,  as  far  as  possible,  sonie  kind  of  a  trial  uf  the 
merits  of  the  metrie  syi^item,  witiiout  seriously  involving  the  public 
at  large, 

A  Member. — Then  all  those  departiaents  of  the  novernment 
will  have  to  try  it  ? 

Mr.  South  a  rd. — ^For  one  bureau  to  use  it  and  another  bureau 
not  to  use  it,  would  not  do.  For  int^tanee,  fur  the  Internal  Ke venue 
Bureau  to  use  it  and  the  C^ustonis  Bureau  not  to  use  it,  would 
result  in  gi*eater  confusion  than  we  mnv  !mve*  A  representative 
front  the  Oustotus  Department  wlu'n  lie  appeared  l>efore  the  Oom- 
mittee  the  other  day,  said,  that  tlie  use  of  the  metrie  standards 
would  involve  mueh  extra  work  and  eonf  iision.  Now,  he  would  not 
liave  made  that  statement  if  he  had  ^iven  the  suhjeet  a  little  more 
reflection.  He  said  our  laws  all  levy  customs  duties  upon  the 
poundj  the  gallon,  the  yard,  etc.,  using  terms  of  the  English  system. 
How,  therefore,  are  we  going  to  deterndne  what  these  customs 
duties  are  without  niiieh  extra  work  and  indetinitt*  results  if  we  are 
obliged  to  use  metric  weights  and  measures.  Well  now,  Congress 
has  already  establishcil  a  tahle  of  legal  equivalents.  Professor 
Stratton*  Director  of  the  Bureau  of  *Standards,  eanu^  to  the  rescue* 
He  said,  ''  in  measuring  your  whiskey,  for  instance,  you  have  two 
or  three  kinds  of  Vmrrels,  You  take  tht*  dei>th  antl  length,  and 
you  determine  how  mueh  bulge  there  is  in  the  barrel ;  yi>n  make 
your  allowance  for  wantage,  and  you  attempt  to  nxeasiire  only 
to  the  tenth  of  a  gallon,"  Now%  he  said,  ''  I  will  make  you  a  gauge 
by  wdiieh  you  can  measure  the  ea|>acity  of  that  barrel  in  litres,  just 
as  easily  as  you  do  now  in  gallons,  and  1  will  convert  every  tahle  in 
your  department  in  three-i|uarter9  of  an  Imur  by  the  watch  so  you 
cnn  nnike  your  determinntious  in  the  event  of  tlie  passagt*  of  tliis 
bill  just  as  readily  as  you  are  now  thnug/*  Of  course ^  I  am  not 
saving  that  in  certain  eases  there  would  not  be  a  little  confusion 
at  first,  and  ineonvonienee,  but  T  shv  it  is  m^t  impraetiejjble  in  any 
sense.  It  would  not  be  the  thing  to  have  one  Imrean  u^ing  the 
metric  system  and  another  bureau  using  the  English  iysteni.  We 
ought  to  have  imifunntty  in  weights  and  measures  in  the  tnins- 
actions  of  the  business  of  the  Govermnetit^  and  it  is  to  bring  about 


THE  METRIC  SYSTEM. 


sucL  uniformity  and  to  f auiiHari^e  tho  people  witJi  tlie  advantages 
of  tlio  svgfem  that  we  seek  to  liave  Congress  pass  this  measure, 

3I/\  SiJj>jdt*e, — ^I  should  lilce  to  ask  the  Congress  man  why  the 
work  of  the  surveying  of  public  lands  is  expressly  omitted  from 
this  hill  ? 

3ff\  Southard, — Of  course ,  I  did  not  personally  draw  this  bill. 
But  I  will  say  that  the  Government  survoy  is  a  great  work;  it 
has  extended  over  a  period  of  a  great  many  years— of  more  than 
one  hunth'ed  years^ — and  it  is  uniform  up  to  date  in  the  one  sys- 
tem. It  was  tliought  l)est  for  that  reason  to  complete  it  in  that 
system.  In  fact,  it  is  nearly  completed  now.  If  any  change  is 
to  be  made  let  it  be  made  at  the  proper  time  after waixl. 

Mr.  Snpj}lee. — This  bill  corres]X)nds  very  clos^^ly,  then,  to  the 
practice  in  our  machine  shops, 

MrJCsnt. — If  the  object  of  this  bill  is  not  compulsory,  why 
have  in  the  bill  the  clause  that  it  shall  he  the  legal  stamlard  of 
the  United  S twites  after  1907  ?  Ton  will  force  us  to  use  an  illegal 
standard  if  you  insist  on  the  bill  passing  as  it  is. 

Mr,  Soufharfh — I  have  already  stated  that  that  was  made  a 
part  of  the  bill  by  the  [jerson  who  introduced  it.  I  don't  think 
it  a<lds  anything  to  the  bill.  Wo  have  the  opinion  of  Attorney- 
General  Knox  that  there  is  nothing  in  this  bill  of  a  compulsory 
charact€*r  except  as  to  the  departruents  of  the  Government- 

J/r.  Kent, — Then  why  not  take  that  phrase  out  of  the  bill? 

Mr.  StntthartL — It  is  possible  that  the  gentleman  who  iutro- 
duc43d  the  bill  thought  it  might  have  some  effect.  I  do  not  sup- 
[)ose  there  woidd  )>e  any  real  objection  to  eliminating  those 
wonls.  It  certainly  can  have  no  effect  so  far  as  compelling  any- 
h(n\y  is  concerned,  and  it  is  a  self-evident  i>ro[H:)sition  tome,  that 
\s  ithout  some  kind  of  a  penalty  for  a  violation  of  its  provisions 
it  could  not  l)e  deemed  comjadsory. 

Mr.  JteuL — I  think  you  will  remove  a  great  deal  of  the  opixj- 
sittun  that  exists  to  this  bill  if  you  will  take  out  that  clause. 

J//\  SoitthariL — So  far  as  I  am  concerned  I  think  it  is  of  no 
iui|iortance. 

Mr.  Dod^e.-^l  understand  that  if  this  biU  is  passed  all  the 
departments  of  the  Government  must  of  necessity  adopt  the 
metric  system  ? 

Mr.  SifHt/ti(nL — ^Tes. 

Jfr.  Dinlge. — ^If  the  biU  is  not  passed  General  Sternberg,  then, 
could  go  back  to  the  old  system  any  time  ? 
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Mr,  Semihard. — lie  could, 

Mr,  Bothje. — So  that  that  is  the  object  of  the  bill — to  make 
it  compulsory  ? 

Mr.  ^outharfL— So  far  as  the  departments  of  the  Goveru- 
luent  are  concerned,  yes. 

J/r.  Dodge, — ^It  is  to  make  it  conipnlsnry  on  the  de|>artinents 
of  the  Government,  and  not  leavo  it  <j]>en  fur  them  to  use  either 
system  at  their  discretion  ? 

Mt\  Southard. — =As  I  said  before,  it  will  bring  about  uniform- 
ity in  weights  and  measures  in  the  departments  of  the  Govern- 
ment. Of  course  General  Sternberg  could  now  go  back  to  the 
old  practice  if  he  pleaseil;  but  this  has  been  the  practice  of  his 
department  for  some  yearrs;  1  believe  ever  since  he  became  Sur- 
geon-GeneraL 

J/iv  Dmhj*\~Thjt  bill  is  very  short;  but  the  explanation  of  its 
hitrmlessness  is  longer  than  the  bilL 

Mr.  Sfmihard, — ^That  may  be. 

Mr.  DwJfjt. — And  it  seemK  to  me  that  if  there  is  nn  com  pul- 
sion in  the  statement,  ''The  legal  standard  of  the  Uniteil  States/^ 
that  words  could  be  used  in  the  bill  to  make  that  phrase  abso- 
lutely  clear  without  having  to  get  an  oxphmation  or  even  an 
opinion  from  the  Attorney -General  to  that  effect. 

Mr,  Houthitrd, — I  suppose  there  will  be  nothing  more  gener- 
ally iiccepted  than  this,  that  the  re-enactment  of  a  law  would  not 
affect  the  law.  The  weights  and  measures  of  the  metric  system 
are  now  ^^  the  legal  w^eights  and  measures  of  the  Unitetl  States/' 
in  a  sense*  In  my  judgment  it  is  harmless.  The  Attorneys- 
General  has  decided,  without  any  reservation  whatever,  that 
there  is  not  1 1  in  g  in  it  of  a  compidsory  character* 

A  Memhe/', — But  he  is  only  temporary  authority  on  that. 
Other  Attorney-Generals  may  think  differently, 

Mr,  Utdscf/, — You  tell  us.  Mr.  Southanl,  that  this  is  intended 
for  the  regulation  of  the  business  of  the  dejmrtraents  of  the  Gov- 
ernjiient  ? 

Mr,  &mth  ard, —Yes* 

Mr.  IlalMy. — Does  that  mean  the  internal  business  of  the  de- 
partmentSj  or  all  transactions,  including  those  with  parties  out- 
side the  Government  service? 

Mr.  Southard.— \i  meiins  that  in  idl  transfictions  of  the  Gov- 
ernment requiring  the  use  of  weights  and  measures  the  metric 
weights  and  measures  shall  be  used* 
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M}\  IfaUey. — But  there  are  in  all  transactions  two  parties.  If 
the  departments  ai-e  recjuired  to  use  the  metric  syeteni,  how  is 
it  other  than  compulsory  on  the  other  party  to  a  transaction 
with  the  Governraent  ? 

3//*.  Soni/utrfL — It  migbt  l>t%  as  I  said  at  the  Ijeginning^  that 
a  department  ottlcer  woulil  present  his  siiecifications  for  a  ma- 
chine, for  instance,  in  metric  terras  so  far  as  weights  and  meas- 
ures are  concerned,  and  the  builder  of  the  machine  would  be 
required  to  aace)>t  them  and  work  to  thera. 

Jf/\  iStij}j^ei\~ls  he  not  required  to  do  so  by  the  terms  of  this 
Terr  bill  ? 

3fr.  iSfnii/iard—Ye^^  but  supposing  you  have  made  a  mfichine 
for  the  Oovernment,  and  the  Government  wants  another  ma- 
chine like  it,  are  yon  going  to  refuse  to  build  that  machine 
because  its  dimensions  are  stated  in  metric  units.  Would  yon 
refuse  to  buikl  dut/  machine  because  its  dimensions  were  so  stated. 

JSf}\  llahey^ — Wliy,  sir,  do  you  call  that  the  adoption  of  the 
metric  system  ? 

Mr,  SouthiirtL^So  far  as  this  bill  is  concerned,  yes* 
the  dimensions  of  which  are  expressed  in  metric  nnits^  it  does 
not  seem  to  me  that  it  w^onld  be  a  very  difficult  thing  to  get  it 
matle.  The  impression  seems  to  have  gained  ground  that  the 
moment  the  (.Tovernraent  shall  recjuire  a  raachinej  or  any  other 
produnt,  to  be  l>uilt  in  metric  nieasurementSj  yon  will  be  obliged 
to  change  your  sttindards  all  th rough  your  shop.  Nothing  of 
that  kind  is  further  froin  tlie  fact,  and  most  of  yon  Avho  have 
btt;n  before  the  committee  have  come  to  that  conclusion.  Tliore 
is  nothing  in  the  bill  that  will  retjuire  anything  of  that  kind. 
If  the  Government  asks  ior  a  different  nincbine  from  that  w^Iiich 
you  have  been  making,  yoii  will  make  it,  and  it  will  not  make 
any  diffen^nce  to  the  Government,  and  not  much  to  you^  whether 
you  measure  it  l>y  a  metric  rtde  or  not* 
"A  J/^mS^r,— What,  then,  is  the  object  of  this  bill  ? 

Mr.  SoutJiurJ.— The  object  of  tlie  bill,  as  I  have  already  said 
several  times,  is  to  bring  about  uniformity  in  weights  and  meas- 
ures in  the  tninsaction  of  the  business  of  the  (luvernment,  and 
to  give,  so  far  as  i>ossi!)le,  withotit  interfering  with  the  business 
of  the  general  jnddic,  the  metric  system  a  trial 

Mr,  Warreji.—lt  this  is  all  so  ]>lain^  why  wouldn't  it  make  it 
much  more  plain  to  eliminate  the  last  clause  of  the  l)ill  ? 

Mr,  ^uthard, — So  far  a  I  am  i>ersonally  concerned,  I  have  no 
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objection  to  *loing  that;  but  the  bill  has  been  reported  in  the 
fonn  m  which  it  now  is,  and  it  was  not  thought  at  that  time 
that  this  chiiise  would  be  an  objectionable  feature  at  all.  That 
feature  of  the  bill  was  not  dw^elt  upon*  The  i>oint  that  I  have 
just  stated  Beeiiied  to  be  the  great  objection  to  the  bill — that  the 
adoption  of  the  metric  system  by  the  departments  of  the  Govern- 
rnent^  as  provided  in  this  bill^  would  requii^  sboi)s  to  change  all, 
or  many  of  their  standards. 

Iif\  Jlithey, — Von  tell  us,  Mr.  Soutliard,  that  this  thing  does 
not  involve  the  changing  of  the  sixes  of  our  machines.  Then 
why  all  this  talk  about  the  cost  of  new  tools,  etc,  ? 

Mr.  Soufhurd. — ^There"is  no  necessity  for  that. 

Mr,  Ilohetj, — Mr.  Stnitton  says  it  would  cause  changes. 

2lf\  Southurd, — That  coiiten)i»lates  a  step  beyond. 

Mr,  J[(ihmj.—1  should  say  so. 

Mr.  Soulhar(L—\f  we  are  going  to  adopt  this  system,  W€ 
would  like  to  bo  certain  we  are  right  abmit  it.  If  it  is  a  good 
thing  fra*  the  Governnient  it  is  a  good  thing  for  every !jody.  We 
believe  the  saving  of  cost  in  the  education  of  our  children  year 
after  year  would  be  nujrc  than  the  whole  cost  to  all  of  the  nianu- 
factui'ers  of  the  United  States  incident  to  the  introduction  of  the 
metric  syHtem, 

A  Manljer,—\  would  like  to  ask  whether  in  the  case  of  selling 
niacin nerv  or  any  product  to  the  Governnient  they  would  accept 
the  nearest  etpiivalent  to  the  metric  nieasurenients?  If  you  were 
buying  00-inch  lathes,  for  instance,  Avould  you  accept  the  nearest 
equivalent  to  tlie  metric  measurement  ? 

2fr.  SouthartL—V^v^vy  ujcasurement  is  really  approximate^  and 
I  pi'csume  there  would  be  no  doubt  about  that,  (if  course  I  do 
not  know  what  the  (government  officers  wouhl  do  in  such  a  case. 
I  think  the  officers  of  the  Government  arc  inclined  to  i*o  reason- 
ably aceommotlating.  For  instance,  if  yon  are  selling  a  pump  to 
the  Government  J  a  pump  furnishing  so  many  gallons  per  minute, 
)^ou  would  take  the  equivalent  in  litres.  If  that  amount  of  lati- 
tude ^vei-e  allowodj  I  should  think  a  great  many  tjf  the  objec- 
tions that  many  of  you  gentlemen  make  would  disa]>]>ear. 

Mr,  MUkr. — I  woukl  like  to  ask  one  question  of  the  cong!t*.ss- 
man,  Admiral  Melville  is  the  chief  of  the  Bui^eau  of  Steam 
Engineering.  Has  he  been  registei'^Hi  in  favor  of  the  metric 
system  ? 

Mr.  Sonihard, — ^I  do  not  ^\^ant  to  say  that  Admiral  Melville's 
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testimony  is  entirely  iu  favor  of  the  metric  s\^stem.  He  has  said 
this,  howeveFt  that  he  believes  the  ailuption  of  the  metric  system 
is  eveiitoally  inevitable;  that  he  thinks  it  is  entirely  practicable; 
and  that  he  believes  that  his  department  could  very  well  use  the 
systeiu*  He  says  he  thinks  that  it  would  cause  some  extra 
exjiense  to  the  Government;  that  the  matter  of  the  exi:^ense  in 
running  hia  department  would  be  the  great  objection,  if  any, 
but  if  the  Government  will  only  give  hira  the  money  he  can 
nm  it. 

Mr,  Miller* — And  Admiral  Bowles  is  the  head  of  the  Bureau 
of  Construction  in  the  Navy.     What  does  he  say  about  it  ? 

Ilr.  SitufJtanL — He  was  invited  to  appear  before  the  commit- 
tee, but  he  did  not  respond.  The  representative  from  his  bureau, 
however,  ri]>po.sed  the  proposed  legislation. 

11  r.  F,  A.  Geler, — ^I  won  hi  like  to  ask  Mr,  Southard  a  ques- 
tion, Mr,  Southard,  j^ou  stated  that  this  bill  does  not  con  tem- 
plate any  compulsion  at  all.  Ton  also  stated  that  it  was  contem* 
plated  to  try  this  legislation  first  upon  the  dog — meaning  thereby 
the  Government*  You  have  further  made  the  statement  that 
certain  departments  of  this  Government  have  already  voluntarily 
adoj>ted  the  metric  system,  Kow,  sir.  I  would  like  to  ask 
whether  if  certain  departments  of  the  Government  have  been 
able  to  make  tlie  adoption  of  the  metric  system  compulsory^ 
^vould  not  thf*  ju*ripose*l  bill  nuike  it  compulsory  upon  everybody 
else  ?  Furtbermoi^j  ai-e  you  not  making  it  compulsory  ujxm  the 
departments  of  the  Government  who  have  elected  to  use  the 
metric  system  ?  Are  \^ou  not  practically,  therefore,  bringing 
aljout  compulsion  when  you  say  that  you  want  the  Government 
to  try  it  first?  Because  you  added  that  if  the  Government  found 
it  a  gfHid  thing,  it  would  be  a  gtjod  thing  for  alL 

Mr.  iSouthinL~l  admit  that  sn  far  ;is  the  Government  depart- 
ments are  concerned  it  will  be  compulsory, 

J/r.  ffefVr**— Then  those  departments,  not  having  electa!  to 
use  the  metric  svstenn  wlieu  yon  have  passed  this  bill  and  it 
becomes  a  law,  you  will  be  making  it  compulsory  upon  all  the 
departments  of  the  Government  to  use  it? 

Mr,  SfmthanL — Yes. 

^'1  Memher. — ^So  your  argument  is  not  in  line  with  the  real 
aims  of  the  bill»  because  when  I  read  this  bill  I  find  that  it  is 
comiiidsory.  It  means  that  ^ve  must  go  on  the  metric  system 
throughout  after  a  certain  date.   How  do  you  explain  your  argu- 
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ment  to  us  that  this  is  a  \^ry  innocent  proposition,  that  there  is 
no  compulsion  intended  ?  You  mtike  the  further  statement  that 
certain  departments  of  the  Governiuent^mentioning  the  Sur- 
geon-General^have  under  the  present  law  been  able  to  make  the 
adoption  of  the  metric  standard  in  their  departments  compulsory. 
Why  do  yon  ask  us  to  let  this  bill  go  through  Congress  if  you 
do  not  need  it  ? 

Mr.  SouthanL — We  have  not  asked  you  to  let  it  go  through. 
What  %ve  have  asked  you  is  this.  We  have  said  tliat  the  puq^ose 
of  this  bill  is  to  secure  uniformity  in  Government  transactions, 
for  the  purpc^se  of  having,  as  far  as  ]>ossiblc,  some  kind  of  a 
trial  of  the  merits  of  the  metric  system,  without  seriously  involv- 
ing the  puljlic  at  large. 

A  Meniher. — Then  all  those  departments  of  the  Government 
"will  have  to  try  it  ? 

Mi\  II.  li.  To'imw. — I  think  one  reason  why  the  bill  presents 
objectionable  features  to  the  interests  repi'esented  here,  is  that 
many  of  the  manufacturers  here  present^  and  still  more  to  those 
who  are  affiliated  with  this  society  and  what  it  stands  for,  are 
producers  of  material  of  which  the  Government  is  a  consumer. 
Now,  if  the  Government  is  going  to  demand  that  materiEd  in 
(lifferent  dimensions  from  those  that  are  standard,  either  a  man- 
ufacturer must  decline  to  deal  with  the  Government  or  must 
incur  great  additional  expense  in  providing  special  tools  for  the 
making  of  that  material ;  and  I  believe  that  a  great  part  of  this 
opi>osition  would  be  removed  if  the  bill  includetl  a  proviso  that 
any  of  the  departments  of  the  Government,  id  the  purchase  of 
standard  material,  while  |M3rha))s  ref|U!ring  to  have  tlie  dimen- 
sions stated  in  metric  units,  could  adopt  existing  standai*d  dimen* 
sions. 

Mr,  Sauthard.^ls  there  anything  in  the  biU  which  woultl  pre- 
vent any  dejifirtmental  officer  from  doing  that  ? 

Mr.  Tmme. — That  is  wliat  we  are  afraid  of.  We  'are  afraid 
that  under  the  provisions  of  the  bill  the  officials  of  the  Govern- 
ment will  so  determine,  and  will  say  to  us  that  if  we  want  to 
furnish  such  and  such  material  to  the  Government  we  must  coni* 
ply  with  the  letter  of  that  bill  in  every  particular.  Xow,  if 
you  make  it  ])ennissive,  not  compulsory 5  that  they  may  use  ex- 
isting dimensions,  I  think  it  will  remove  much  of  the  objection 
to  the  bill  in  its  present  form. 

Mr.  JSpe?i€€7'  Miller, — For  example,  I  represent  a  manufacturer 
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of  ships*  winches.  A  standard  winch  is  catalo^nied  in  the  Eng- 
lish system.  In  case  this  bill  becomes  a  law  the  Navy  Depart- 
ment would  have  to  send  the  order  for  that  winch  in  the  metric 
system*  We  will  say  that  it  has  7"  x  10^'  cylinders,  NoWj  they 
must  reLluce  those  dimensions  to  the  metric  system. 

Mr,  SouthanL — You  liave  numbers,  have  you  not,  for  these 
ilifferent  winches? 

Mr.  Miller, — -No;  not  necessarily. 

Mr.  Soiitlmf'tJ, — If  they  were  nimiberedj  why,  the  Govemmenf. 
might  order  them  by  the  number. 

Mr.  MiJler,—ln  the  case  of  a  special  winch,  desired  by  the 
<  rovermnentj  they  would  be  obliged  to  specify  it  in  the  metric 
system.  Now,  how  are  they  going  to  use  the  metric  system 
that  agrees  with  a  7" x  10"  cylinder?  Is  the  department  going 
to  protluce  working  tlmwings  for  a  winch  specially  contrive*!  for 
them  that  is  going  to  have  the  metric  ecjuivaleut  of  a  7-inch  bore  ? 

Mr.  SouihtirfL — I  would  see  no  necessity  for  it. 

Mr,  MtJUr, — Then  the  two  things  go  on  board  the  ship,  and 
the  parts  are  al>solutely  non -interchangeable. 

Mr,  Southard. — You  would  not  stamp  your  dimensions  on 
your  winch.     So  I  do  not  see  how  it  is  at  all  material. 

Mr.  Miller, — If  you  had  ever  worked  in  a  maclune*shop  you 
would  see, 

J//V  C.  If,  Gahrii'L — I  would  like  to  ask,  along  the  line  of 
thought  of  the  last  speaker,  this  question.  The  congressman 
says  the  Governnient  will  require  the  dimensions  of  a  m^ichine  tu 
Ije  ex}iressed  in  metric  units,  but  the  builder  can  make  the  ma- 
chine just  the  same  as  before.  Now,  for  illustration,  supposu  the 
machine  has  a  shaft  2  inches  in  diameter,  the  nearest  metric 
ef[aivalent  would  be  50  millimeters,  or  1.Q70  inches.  The  buihler 
would  have  to  make  spe<.*ial  tools,  or  the  Government  would  have 
to  accept  the  shaft  2  inches,  expi'essed  iis  50  millimeters  and  a 
fraction,  which  is  a  very  undesirable  thing,  as  all  builders  of 
machiner)'  know,  the  effort  being  to  cut  out  all  fractional  dimen* 
sions  where  possible. 

Mr.  Souihtrfl—l  do  not  want  to  be  misunderstood  here,  I  do 
not  mean  that  the  tendency  would  not  be  eventually  to  make 
these  exiiet  sizes.  That  would  be  sOj  but  the  process  would, 
perhaps,  be  rather  slow*  You  work  with  vulgar  fractions,  and 
very  inconvenient  fractions,  as  I  know,  many  times,  and  whether 

cimal  or  other  does  not  make  so  much  difference. 
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Mr.  J^,  A.  Hahey. — Mr.  Southanl  tells  us  the  desirable  thing 
is  a  universal  system  of  weights  and  ineasures.  The  question  at 
issue  is  not  is  this  thing  desirable,  hut  is  it  practicable?  And  a 
century  of  ex|>erienee  witli  the  metric  system  has  shoiiTn  that  it 
is  not, 

Mr.  Soutluirtl  says  that  an  invitation  to  appear  before  the 
House  Committee  was  sent  to  Mr.  Coleman  Sellers.  The  follow- 
ing letter  from  Mr,  Sellers  says  differently: 

"In  reply  to  your  fa\or  of  i\w  29th  instant,  have  to  aay  that  I  received  no 
invitatiijii  to  api.*ear  Iwfoif.  thf  House  Committee  on  Coinage,  Weights  arid 
Measures/' 

The  following  from  William  Sellers  &  Company  also  esq^luins 
itself: 

"  This  company  received  no  invitation  to  appear  before  the  Uous^  Comniittep 
on  the  tnetriesystoni,  ft  or  tWd  any  member  of  our  staff  rt'celve  such  an  tin  i  tut  ion." 

Mr,  Southard  tells  us  that  Admiral  Bowles  was  invited  to 
appear  before  the  committee,  but  the  full  awing  extrrict  from  a 
letter  from  Adinind  Bowles  to  the  Secretai*y  of  the  Navy  does 
not  agree  with  his  statement: 

**  The  Chief  of  the  Bureau  of  Standards,  of  the  Treasury  Department,  failed  at 
tliis  liureau  Bonie  time  since,  to  obtain  its  %*iews  upon  tht*  ?*iibjt»ct>  and  was  in- 
far  mod  that  they  were  adverse  to  the  mea.snn'  in  (juestion^  H<"  stt^ted  that  the 
chief  constructor  would  he  given  an  opportunity  to  cxpn^ss  his  \'iew.^  before  the 
prfipcvr  coniniittee  of  the  HouHe,  but  this  has  not  occufred,  and  thori?fore  the 
bureau  considers  it  desirable  to  lay  before  you  a  brief  statement  <jf  the  serious 
disndvantairea  that  would  lie  incurred  by  the  enforeement  of  the  proposed 
measure  in  tlie  Navy  Dejmrtment,  and  particularly  ia  this  bureau/* 

"  Wherever  we  knew  of  a  man  whose  opinion  we  thought  would 
be  valuable,  and  knew  that  be  was  against  the  metric  system, 
he  receiveil  an  invitation  to  appear  before  our  committee,''  Imt 
the  moat  distinguished  American  opponent  of  the  system,  the 
house,  ^vhich  for  tliirty  yeare  has  l>een  the  centre  of  opposition 
to  it,  and  the  chief  constructor  of  the  nav}^,  whose  views  were 
first  ascertained,  were  overlooked! 

The  criticfd  analysis  of  the  disadvantages  of  the  proposed 
change  given  by  Admiral  Bowles  is  too  long  for  insertion  at  tltis 
skige  of  the  argument,  but  it  is  smtimarized  in  the  last  paragraph, 
which  reads: 
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I  tkm  unable  to  sw  thr  ultiirvato  ath*aiita^e  elaimod  for  the  metric  svit^ra. 
The  €^iioniioys  difficulty  of  the  entire  loss  of  prc«*5iit  standitrds  is  entirely  lust 
sight  of  in  the  mere  f^light  coiivenietice  in  conversion  from  one  aj^stem  of  niciisnreB 
to  another. 

Mr.  Southard  considers  that  Adniiml  Melville  believes  the 
adoption  of  the  system  to  be  inevitable  and  entirely  pmcticable- 
The  following  from  Admiml  Melville  does  not  agree  with  this 
opinion ; 

The  metric  system  is  entirely  aeademi<".  It  m  n  perff^et  f^y^tem  for  tho  lahora- 
to!^*  but  would  ruin  the  business!  of  Great  Britain  and  America,  We  had  blotter 
attempt  to  tench  the  world  a  imiversal  langua^, 

**The  testimony  was  overwhelmingly  in  favor  of  the  bilL'* 
Two  representatives  of  the  textile  industry  appeai'ed  to  favor  the 
bilh  but  the  vote  taken  hy  the  Te.dile  World  was  sulistiintiall}^ 
two  to  one  ag<ainst  it,  and  of  1,2(K)  textile  mills  and  textile  men 
who  were  askeil  to  vote,  just  54  cared  enough  about  the  matter 
to  reply,  Mr,  Southard  should  rea^l  the  list  of  manufacturers 
which  heads  this  discussion,  all  of  ivhoiu  but  tw^o  vote  against 
the  system. 

I  do  not  believe  that  the  American  people  are  prepared  to 
admit  that  the  forcing  of  this  thing  upon  the  American  Kavy  in 
opposition  to  the  judgment  of  its  chief  constructor  and  its  chief 
engineer  can  be  projierly  described  by  the  words  "trying  it  on 
a  dog," 

Mr.  Southard  tells  us  "  there  is  not  a  word  in  this  bill  looking 
to  compulsion,'-  but  in  his  cross-examination  he  admits  that  in 
all  transactions  of  the  Government^  indudimj  fhost^  with  pariim 
QUfmde  the  Government  semice^  it  requires  that  the  metric  system 
shall  be  used,  and  by  reference  to  the  bill,  jjaragrajih  S2,  it  will  be 
seen  that  in  Govermueot  business  only  the  weights  and  measures 
of  the  metric  system  shall  be  used.  The  opinion  of  the  Attorney- 
(teneral  that  the  bill  does  not  involve  eomfjulsion  relates  to  the 
interpretation  of  the  words  legal  standard,  and  the  metric  advo- 
elites  endeavor  to  so  stretch  his  language  as  to  make  it  a{)pear 
that  the  bill  has  no  compulsory  features.  How  can  the  system 
be  oliligatory,  as  Mr.  Southard  admits  it  is,  upon  the  depart- 
ments in  their  dealings  with  outside  parties,  and  not  be  obliga- 
tory on  those  parties? 

The  case  is  parallel  with  that  of  the  Eight^Hour  Bill  That 
bill  is  intended  to  compel  all  manufacturers  who  supply  the  Gov- 
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ernnient  with  goods  to  employ  their  workmen  eight  hours  onlyj 
and  the  Metric  System  Bill  is  likewise  intentled  to  compel  those 
same  maimfaeturers  to  usd  the  metric  system.  Xo  one  will  pre- 
tend that  the  Eic^ht-Hoiir  Bill  is  not  compulsory,  and  no  one  can 
rightly  chiiia  that  the  Metric  System  Bill  is  not,  in  the  same  way 
and  to  the  same  <leg;ree,  compulsory.  To  claim  that  it  is  not 
tlmis  compulsory  is  more  than  untrue;  it  is  ridiculous. 

The  pufjHnse  of  the  bill  "is  to  siraplifj^  and  bring  about  uni- 
formity in  the  Departments  of  the  General  Government. ' '  Which 
IB  the  moi'e  im|K>rUint,  uniformity  between  the  Navy  Department 
and  the  Medical  Bui^^au  of  the  War  Department  or  uniformity 
between  existing  and  future  shi]>s  of  the  navy?  The  Anglo- 
Saxon  nations  have  substantial  uniformity  to-day,  which  no 
metric  country  has  or  ever  has  harh  In  no  country  of  the  world 
has  the  metric  system  secured  uniformity;  Imt,  ignoring  the  ex* 
jK^rience  of  the  world,  Mr.  Southard  proposes  to  abandon  the 
uniformity  which  we  have,  in  order  that  after  a  transition  |>eriod 
of  confusion  and  indefinite  length  we  may  again  reach  uniformity 
Mr.  Southard  should  heed  the  words  of  John  Quincy  Adams: 

la  yo»ir  object  mti form ity?  Then  before  you  ehartgf*  any  paitof  your  sys- 
U'm,  sucb  Bs  it  h,  ooiiipare  the  umfomiity  that  you  iniL^t  Icise  with  the  mii- 
formity  tlmt  you  may  gain. 

Nowhere  in  the  pamphlet  of  testimony  before  the  House  Com- 
mittee  does  the  idea  apj>ear  that  the  adoption  of  the  system  is 
to  be  confined  to  the  Government,  nor  that  the  purpose  of  the 
measure  is  to  bring  about  uniformity  in  tlie  Uepartinents.  The 
whole  discussion  relates  to  the  adoption  of  the  system  by  the 
businei^sand  manufacturing  interests  of  the  country^  the  Govern- 
ment mei^ely  tiddng  the  lead.  That  Congressman  Shaffrotb, 
who  introtluced  the  bill,  did  not  share  Mr,  S<.>nthard's  present 
idea  of  its  scojie  is  manifest  from  his  words j  given  on  page  30  of 
the  pamphlet  containing  the  testimony: 

*'The  hill  whieli  1  iiitr<xliiC4-'d  names  the  first  day  of  Jan\iarj%  1903,  for  the  Gov- 
tTtinient  to  adopt  it,  and  the  Ist  of  Janiiaiy,  1904,'*  when  the  pmpk  wmdd  ^t^e  to 
adopt  il*" 

'^  We  have  no  doubt  about  the  confusion  in  the  textile  industry. 
•  ,  ♦  The  worse  the  situation  tlie  louder  the  call  for  a  rem- 
ody*^'     T7ti'$  eof^ummi  em^ts  in  7P^eirk*  emifhtries  afone. 

*  Tlvofii^  dnti^s  w<*TP  changtd  by  theco!nmitt<?e  to  January  1,  UJO-j,  and  January 
1, 1907,  R^pectively, 
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^^More  people  use  the  metric  system  thaa  use  the  EnjL^lish  Hys- 
tem  to-rtay.  J/o/v  measurmg  w  done  in  fh*'  rrhj  of  l^hUiuliIj^hm 
iJ/tm  in  nil  ofSjNtnhh  America.  JJefore  entimerating  our  huhiliek, 
barrels,  pints,  pounds,  etc.,  Mr.  SouthanI  shoiikl  Iiavo  rnarl  my 
table  of  tion-nietric  units  used  in  metric  countni^n.  If  tlu^  invasti- 
gations  of  tlio  connnitteo  of  the  Iji'itish  Parhamont  wirro  compar- 
able  w^ith  those  of  Mr*  Southanrs  committee,  their  oonehiHitinH 
are  entitled  to  no  res]>ect  whatever.  Wliafc  do  tlie  eolonial  pro 
miers  know  of  the  technicalities  of  weights  and  measures?  Thin 
is  a  factory^  not  a  ])olitical  question*  ''I  am  satisfied  that  wu 
use  the  metric  system  very  much  more  largely  tlmn  tlm  countries 
mentioned  use  any  other  than  the  metric  system."  Kuljlnsshl 
Mr.  Whitman's  list  of  60  inches,  53  miles,  2*J  pints,  2^5  pounds, 
etc^  has  no  application.  These  numerous  ynits  are  largely  from 
ifietru:  countries,    No  such  confusion  exists  in  the  IT nited  Htates, 

jaor  has  it  ever  existed.  This  sjiddling  of  the  confusion  m 
ietric  upon  non-metric  countries  can  Sfcarcely  be  characterized 

"in  temperate  language.  Our  tliree  i>ounds  |>n>duee  no  confusion^ 
because  they  are  used  for  diiferent  and  i)erfeci!y  undei*stood  |nir- 
poees.*  They  bare  the  same  value  throughout  the  English* 
speatdug  irorld.  The  confusion  *1  escribed  by  Mr.  Sontbard,  and 
irbidi  he  attempts  to  saddle  upon  us,  i^  the  confusion  due  tu  dif- 
fereot  ralues  of  the  same  unit  in  different  districtn,  and  even 
towns.  With  the  single  excei)tion  of  our  two  toriM  f  there  i^  not, 
and  nerer  baa  been,  any  eonfusion  of  thii^  kiml  in  the  UniUfd 
Stales.  Tbese  numerous  unit^  re]irei^nt  the  confujsiou  into 
wbicfa  all  countries  except  ibe  Anglo-Saxon  had  allowei]  weigliU 
and  neaior^  to  drift  liefore  turning  in  ilaii[iair  to  the  iiielric 

8(1  frr  as  aJiy  meaning  can  lie  extracted  fmtn  Mr.  Bontlianrg 
itioa  regard         '     meaning  of  tbf     '  f  the 
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dut  be  believer  ibe  depaftmeats  will  r»{tttre  from  otttitde  par* 
ties  oollinig  OMxe  Ifaaii  tbe  naming  of  leading  or  over  all  dimeO' 
,  glTiiig  cafaditfii^  etc..  in  metric  equiv^enu,  I  have  alrviady 
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characterized  this  interpretation  in  anticipation  as  *Hhe  greatest 
farce-comedy  of  recent  years  "  (paragraph  85)»  but  I  did  not  expect 
it  would  he  given  so  soon.  Is  it  for  this  petty  outcome  tbat  the 
House  Committee  is  holding  hearings  and  technical  societies  are 
having  discussions  and  taking  votes  ?  What  will  be  tlie  gain  from 
such  a  course?  Where  ivill  there  be  any  saving  of  time  in  calcnki- 
tions?    With  such  commercial  nieasurenients  in  the  metric  sys- 


Hish 


^..^..    system. 


More  to  the  point,  how- 


tenij  and  constructive  measurements  in  the 
where  does  the  uaiformity  come  in  ? 
ever,  it  must  be  reniembertxl  that  Mr,  Southard  is  not  charged 
with  making  Govemnient  purchases,  nor  with  the  interprettv 
tion  of  the  law  for  the  Government  departments-  When  tbis 
law,  reading  '^all  the  departments  .  .  .  in  the  tmnsiiction 
of  all  bushiess  .  ,  .  shall  employ  and  use  O'lify  the  weights 
and  measures  of  the  metric  system/'  reaches  the  Navy  Dispart- 
ment  through  an  executive  orders  Avhat  right  will  Admirals 
Bowles  and  Melville  have  to  interpret  the  word  only  in  Mr, 
Southard's  easygoing  way.  Mr,  Southard  thinks  ^'  the  officers  of 
the  Government  are  inclined  to  be  reasonably  accommodating." 
It  will  not  be  a  matter  of  inclination^  but  of  obeying  the  law. 

Finally,  I  would  like  Mr,  Southard  to  explain  how  he  recon- 
ciles bis  easygoing  interpretation  witli  tbe  italicised  words  of  the 
following  extract  from  the  opinion  of  the  Attorney -General:  * 

"  Inde<7d,  as  t?aph  bill  f  pfohibifs  to  ibe  departments  the  use  of  antf  tither  j»|/«/rw^  liy 
a  famiHrtr  mh  of  «."onstruction^  this  will  be  taken  a&  tlie  osily  prohibition  intended^ 
and  it  uill  end  there/' 

Mr.  Southard's  repeated  expression  of  his  faith  that  the  sys^ 
tem  is  bound  to  become  universal  shows  that  he,  like  most  of 
the  meti'ic  advocates,  believes  that  if  he  will  only  repeat  the 
statement  often  enough,  that  alone  ^vill  induce  others  to  believe 
it,  like  himself. 

Mr,  Soutbard  thinks  that  *^  the  purport  of  this  bill  has  been 
miftiipprehended  entirely,"  It  is,  I  think,  clear  that  no  one  im- 
derstands  its  meaning  less  tlian  he. 

J//*.  Gearge  S,  Mtmm7i.~l  have  only  a  few  words  to  say.  It 
seems  to  nie  the  fii'st  thing  to  do  is  to  strip  this  whole  subject  of 
all  extraneous  matterj  and  consider  simply  what  it  is.      The 

♦  This  opinion  may  be  found  in  full  in  the  "  Am^riean  Machinist "  foi  March 
20,  1902, 

f  Two  billa  appear  to  have  been  eubniitted  to  the  attorn ey-genenil. 
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question  is  not  of  changes  of  sizes  or  standards,  but  it  is  a  ques- 
tion of  adopting  another  method  of  measuring  existing  stand- 
ards, 1  ain  perfectly  willing  to  Mlmit  that  the  decimal  system 
is  not  the  best.  I  myself  would  prefer  the  octal  syMenK  Some 
other  man  would  prefer  the  duodecimal  system.  But  if  we  go 
back  to  the  creation  and  the  Creator,  there  is  nothing  more  tnie 
than  that  the  Creator  has  made  mankind  with  live  fingers,  and 
that  fact  is  the  basis  of  our  decimal  system.  It  may  be  that  on 
the  planet  of  Mars  they  are  far  ahaud  of  us,  because  by  having 
six  fingers  they  have  the  ciuodeciJiial  system.  But  if  there  is  any 
one  thing  which  has  the  seal  of  the  Creator  on  it,  it  is  the  decimal 
system,  based  on  five  Angel's.  Then  again,  it  is  porfectlj?^  true  tliat 
the  metre  is  not  what  it  was  intended  to  be*  and  it  was  not  a  rational 
unit  anyway.  There  never  has  been,  so  far  as  I  can  make  out,  but 
one  rational  unit,  ami  that  i;^  the  nautical  mile,  which  is  a  niimite 
of  arc.  But  the  fact  remains  that,  rationed  or  irrational,  the 
metro  is  the  only  standard  now  of  international  use;  and,  as  I 
understand,  the  only  standard  of  any  kind  which  is  referred  to 
as  the  basis  of  scientific  accuracy  is  the  metre  preserved  in 
Paris  and  the  replicas  which  have  been  sent  to  other  parts  of 
the  workL  It  boars  no  practical  relation  to  any  arc  of  the  earth, 
or  the  meridian  of  Paris,  or  any  other  meridian,  or  of  any  par- 
allel of  latitat] e,  but  it  is  a  unit  which  is  in  use*  We  are  not 
called  to  consider  what  things  are  divine.  We  smiply  want  to 
consider  whether  them  will  be  an  advantage  or  a  disadvantage 
in  the  use  of  the  decimal  s^ystem,  ami  if  there  will  be  an  advan- 
tage in  its  use,  whether  we  had  not  better  adopt  the  decimal 
system,  which  is  the  most  generally  adopted.  It  is  certainly 
easier  to  multiply  2  inches  by  3  inches  than  to  multiply  the 
t^fiuivaleiit  in  metres,  but  it  is  not  easier  to  nmltiply  1  foot  3f 
inches  by  5fi  iiichef:;  than  it  is  to  multiply  the  decimal  0,3651 
metres  by  the  decimal  0.1444*  We  use  the  decimal  system  in 
all  our  calculations,  and  the  decimal  system  is  the  basis  of  the 
metrical  system.  In  spite  of  the  sacredness  of  the  inch,  the 
civil  engineer  htis  abolished  it-  The  railroad  engineer  in  his 
field  work  takes  the  tenth  of  a  foot  and  throws  the  inch  entirely 
away,  in  spite  of  its  sacred  meaning. 

Let  us  imagine  a  table  of  logarithms  in  \ailgar  fractions,  halves, 
quarters,  etc.  It  would  i>e  as  unreasonable  a  thing  as  the  Chinesa 
conn  ting- board,  ^vhich  they  use  simply  l)ecause  they  have  no 
convenient  decimal  notation,  although  they  have  a  decimal  basis. 
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It  seems  to  me  this  is  the  ^hole  question-  There  is  no  occasion 
for  making  any  change  of  standards.  Decimals  can  alvrays  be 
Uf^^d  ffir  everything  within  a  margin  of  error  much  less  than  any* 
biMly  am  work  to.  You  Iiave  siinply  to  put  on  one  more  figure, 
and  instead  of  an  error  of  a  ten-thousandth  of  a  metre  you  have 
an  error  of  a  one  hundriKl  thousandth  of  a  metre.  I  think  that 
m  the  only  question.  Are  we  prepared  to  do  this,  or  are  we 
gfjing  to  stick  by  our  old  cunibersome  methods?  We  cannot 
measure  everything  in  even  metres.  We  must  avail  ourselves  of 
the  d(5cim;d  sub -divisions.  The  matters  which  w^ould  be  affected 
most  are  iiur  areas  of  land  and  our  land  surveys,  and  these  latter 
are  bo  inaccurate  that  there  would  be  some  advantage  id  getting 
rid  of  the  even  numbers,  which  now  imply  an  accuracy  which 
does  not  exist. 

J'//'.  /!  vt.  llahey. — *^  The  question  is  not  a  change  of  sizes  or 
fitandardsj  but  it  is  a  question  of  m1  opting  another  juethod  of 
moaBiiring  existing  standards/'  Mr.  Morison  is  mistaken.  The 
banio  fmtura  of  the  nse  of  any  system  of  measurements  is  the 
use  in  construction  of  such  sixes  as  are  represented  by  the  lines  on 
scales  graduated  in  tbe  system  usetL  The  use  of  refined  methods 
of  measurement  in  construction  is  chiefly  to  determine  liese  sizes 
witli  greater  accuracy.  English  sizes  aj*e  not  and  cannot  be  thus 
represented  by  tlio  lines  on  metric  scales. 

A  change  which  changes  nothing  can  accomplish  nothing. 
The  uso  of  metric  etjuivalents  for  English  sizes  would  make  no 
change)  in  any  manufactured  product  and  would  not  incre^osc  its 
IHnetis  for  any  purpose  nor  its  acceptability  to  any  customer. 
The  only  clianges  introtluced  would  be  in  drawing  office  and  shop 
measurements,  and  such  changes  would  be  distinctly  for  the 
worse,  as  they  would  wipe  out  all  dimensions  represented  by 
lines  ui>on  scales, 

ImagiiU3  any  piece  of  work  whatever — a  drawing,  a  jig,  a 
piece  of  framework,  or  a  heavy  casting  or  forging— in  process 
^  of  la3dng  out.  The  scales  used  are  metric,  but  the  sizes  are  those 
'i  mi  irk  til  upon  English  scales;  that  isj  we  imagine  English  sisies  to 
be  laid  out  by  means  of  their  metric  equivalents,  hi  a  day^e 
work  not  a  ain^ls  *tst?  wanUd  would  he  found  marked  uj)a?i  the 
acidtK  Eihry  oud  of  than  must  he  esilmahih  The  question  is  not 
the  measuring  of  existing  sixes  in  another  set  of  unitSj  but  the 
retirement  of  existing  siKcs  and  the  substitution  therefor  of  new 
ones.    1  have  gone  into  this  specious  evasion — not  solution — of 
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the  question  in  paragrai>h  5S ;  but  gninting  it  to  be  feasible — 
which  it  is  not — ^uo  one  has  ever  sliuwn  how  it  is  to  secure  any 
!ul vantage  whatever. 

This  matter  neetl  not,  however,  bo  left  to  deduction.  We  have 
the  experience  of  the  machine  tool  builders  iu  changing  a^ljust- 
ing  and  mefisuriiig  screws,  and  the  experience  of  the  Brown  & 
Shar|)e  Manufacturing  Coni|>any  in  connection  with  sinall  tools, 
which  is  given  elsewhere  in  this  discussion  by  Mr,  Sharpe.  The  fact 
which  stands  out  above  all  others  is  that  to  tlie  extent  which 
these  manufiieturers  have  used  the  metric  system^  io  ike  same 
e.rk'pi  /«7ev.'  tJtt'f/  ahuiniimed  iheir  EfujlUh  ^fandarfh. 

The  feasibility  or  the  i^evei'se  of  this  use  v(  metric  equivalents 
for  English  dimensions  represents  the  dividing  line  of  intelligent 
opinion  upon  this  subject.  That  it  is  not  fetisible  is  as  clear  to 
me  as  is  the  truth  of  the  uuiltiplication  table.  Read  the  footnote 
to  paragraph  53  and  the  latter  half  of  paragraph  55, 

Jf/*,  A^iujdee,^-!  have  no  arguments  to  present,  with  one  ex- 
ception* I  think  it  will  be  found  that  any  nation  which  predom- 
inates in  any  particular  branch  of  commerce  or  manufactunj  will 
carry  its  standards  with  it.  That  is  clearly  shown^  I  think,  in 
the  w^ay  certain  British  standards  have  preponderated  in  Germany 
and  in  the  StJanish- American  countries,  to  which  Mr.  Heoning 
has  referred,  England  is  a  great  ship-building  country,  and  the 
result  is  that  vessels  all  over  the  world  are  measured  in  the  Brit- 
ish tonnage  syateni.  Tlie  nautical  mile  prevails  everywhere. 
Koivhei-e  are  sea  distances  measured  in  kilometres.  On  the  bow 
of  every  German  slu|)  in  this  port  you  will  lind  the  draught  of 
the  ship  marked  otV  in  liritisli  feet.  In  other  words,  it  is  the 
commercial  or  manufacturing  importance  of  the  nation  which 
carries  the  system  with  it,  and  not  any  yjariteular  inherent  merit 
in  the  system*  Whatever  system  tlic  United  States  chooses  to 
adopt  will  go  wherever  American  manufactures  go.  Whatever 
system  England  adojits  will  go  where  English  manufactures  go* 
The  system  is  se^onilary  to  the  machinery  back  of  it,  and  to  the 
nation  back  of  it.  And  so  long  as  yoii  adopt  a  consistent  system 
and  iulhere  to  it,  it  simply  defjends  on  what  you  do  with  it  and 
not  what  it  is, 

Mr.  C.  V,  /ur/\— It  has  just  been  whispered  to  nie  by  a  gen- 
tleman whose  spokesman  I  will  be  for  a  moment  that  the  shape 
of  tho  earth  is  changing,  and  consequently  the  axis  of  tlie  eartli 
wouki  not  be  a  lit  source  for  a  unit  of  measurement.   1  can  remem- 
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ber  for  mj^self,  it  was  stated  in  my  old  geography  that  Coney 
Island  was  gradually  sinkings  whether  physically  or  niondly 
was  not  stated.  I  have  bc^on  afraid  to  go  there  since.  1  think 
the  keynote  of  the  whole  qin^t ion  has  been  struck  l>y  one  or  two 
of  the  speakers.  Mr,  ^lorison,  for  instance^  states  that  civil  en- 
gineers have  long  ago  discarded  the  inch  and  sulistituted  the 
teiith  of  a  foot,  and  that  is  right.  Hare  not  machinists  done  the 
corresiKjndiiig  thing?  In  using  micrometre  calipers  we  measure 
to  a  thousandth  of  an  inch.  Have  not  the  old  eunibersonie 
wire  gauges  been  largely  replaced  by  more  convenient  ones  ?  Is 
not  that  the  trend  of  evohition,  to  discard  tbose  old-fashioned 
tilings  that  have  been  foiin<l  useless,  and  won't  that  process  go 
on?  So  far  as  standards  of  measurement  are  concerned,  the 
metre  and  the  yard,  are  not  tliey  both  nxbicetl  to  two  bars  of 
metal  that  are  carefidly  preserved?  Therefore,  isn't  one  as  good 
as  the  other  in  itself?  If  the  shipbuilding  prestige  and  the  im- 
]K)rtance  of  England  can  est^ildinh  the  tonnage  rating  unit  of  the 
world,  why  cannot  America  ultiniately,  from  its  manufacturing 
supremacy,  carry  its  own  unit  of  measure  through  all  the 
world?  If  we  keep  on  the  line  of  progress  that  we  have 
Ijeen  following,  will  it  not  be  possible  for  us  to  force  upon  the 
rest  of  the  worhl  our  own  unit^  instea^l  of  going  to  France  for  a 
unit  which  they  have  been  trying  tc^  adopt  for  a  century?  It 
seems  to  me  that  the  whole  question  comes  down  to  the  phenom- 
enon  winch  we  sometimes  see  of  the  tail  wiigging  the  dog.  The 
French  system  is  destined  not  to  be  nsetl,  in  my  opinion,  by  the 
great  uierc^intile  and  raanufactiirinf»:  nations  of  the  earth.  They 
will  be  the  English-speaking  peojJej  and  why  should  not  the 
English-s]>eaking  ix^ople  force  their  units  as  they  force  their 
manufactures  on  the  rest  of  the  world  ? 

Al/\  JL  D.  iS/t.arjK\ — I  should  like  to  allude  tt>  one  feature  of 
Jlr.  Halsey's  |mper  and  t^>  contribute  what  little  I  know  of  my 
own  knowledge. 

I  think  one  of  the  most  common  advantages  which  it  is  assumed 
would  come  to  us  nuinufactnrers  by  adopting  tlie  metric  system 
is  that  regarding  the  kwping,  or  increase,  of  our  furiugn  trade; 
indeed,  that  we  will  have  to  adopt  it  if  we  wish  to  make  further 
progress.  Some  pCHjj*le  question  \vhether  American  trade  is 
going  to  increase  any  more  at  all,  thinking  that  [lerhap  we  have 
reached  the  summit  and  have  got  till  that  we  can  ]}y  using  the 
English  system  as  we  have,      Mr.  Halsey  has  shoivn  by  several 
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examples  that  tlie  American  tool  builder  laas  succeeded  pretty 

well  without  the  um  of  thi^  nietric  systent.  There  is  a  burden,  it 
\i^ould  s€!em  to  me,  phiced  upon  the  advuctttes  of  tlie  new  system 
of  r«>ally  sliowing  /low  our  foreign  tmde  conhl  be  much  in- 
creased before  it  shall  be  fhuiUy  tulopted  and  used  in  this  coun, 
try. 

From  my  own  ex{>erietic6  and  my  own  knowledge  I  can  say 
that  the  adoption  of  the  metric  system  woidd  not  increase  the 
foreign  triule  hy  one  iota— the  foreign  trade  in  wbich  I  am  inter- 
ested. We  have  sold  machines  for  years  in  foreign  countries 
made  on  the  English  system,  and  are  Anally  willing  to  furnish 
screws,  or  tbeir  etjuivalentSj  by  the  substitution  of  dials  on  the 
adjusting  screws,  just  as  the  foreign  demand  needs  it*  The  ques- 
tion with  US  has  simply  l^een  dfjes  it  jmyf  Furthermore,  we 
have  furnished  cutters,  metrie  cutferH^  with  metrw  /iofeshecan^e  it 
pays.  We  have  made  metric  measuring  instruments  lm:avse  it 
ptiys.  Another  thing  to  which  I  would  like  to  call  the  attention 
of  those  who  think  we  must  ]:ave  the  metric  system  in  order  to 
increase  foreign  trade  is  the  fact  that  American  tools,  which  are 
principally  sold  through  foreign  agents  on  the  ground,  are  gen- 
erally listed  in  their  catalogues  with  nmtric  equivalents,  and  not 
with  the  English  expressions.  For  instance^  a  milling  machine 
will  be  showm  by  numl>er,  and  underneath  it  will  be  placed  its 
capacity  in  millimetres.  Turniug  to  tlie  metric  system,  then, 
would  not  alter  the  conditions  of  selling  American  macliines  in 
foreign  countries  so  far  as  I  can  see* 

In  order  to  conflnn  my  own  iinpressions  I  corresponded  with 
Sf'veiml  tool  builders  and  makei's  of  some  supplies,  such  as  taps 
and  dje«,  in  the  \ncinity  of  our  own  city,  and  I  find  that  their 
experienoe  substantially  agrees  with  ours.  They  furnish  machines 
With  metric  screws  and  taps  and  dies  in  the  metric  system,  or 
the  Wliitivorth  or  the  French  standiird  system,  when  demanded 
and  when  t^  p^^s^  all  at  practically  the  same  prices  that  other 
goods  are  sold  in  the  English  system  for  American  or  English 
consumption. 

Mf\  P.  A,  SmigmmsiiL — I  would  like  to  say  to  the  members 
that  some  thought  is  being  given  to  this  subject  in  England. 
About  a' month  ago  I  received  a  drawing  from  London  in  which 
the  measurements  were  given  in  millimetres,  and  my  corre- 
spondent wrote  calling  my  attention  to  it,  saying  that  they  were 
preferred  to  '*  the  barbaric  feet  and  iuches*" 
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Mt\  F*  A^  Uidsey.^ — This  paper  and  discassion  are  an  effort 
to  establish  four  leading  propositions  : 

1,  As  shown  by  the  experience  of  other  countries,  the  chang- 
ing of  a  i>eople*s  system  of  weights  and  measures  is  a  task  of 
enormous  diffloulty,  and  is  attendetl  with  wide-spread  confusion. 
A  few  general  denials  of  the  facts  regai^tling  tlie  persistence  of 
old  units  in  metric  countries  have  been  made ;  but  the  facts  are 
overwhelming,  and  are  of  such  a  nature  that  they  scarcely  admit 
of  being  answered*  It  may^  then^  be  considered  as  proven  that 
with  us  J  and  especially  without  general  compulsory  lan^s,  which 
the  metric  atlvocates  cMsclaim,  the  transition  period  will  last  for 
a  century. 

2<  The  adoption  of  the  metric  system,  meaning  by  that  term 
the  retirement  of  the  inch  and  the  substitution  therefor  of  the 
millimetre^  involves  the  destruction  of  all  mechanical  standards. 
Mr.  Miller  has  saiil  that  he  does  not  believe  this,  and,  no  doubt, 
Mr.  Henning  considers  his  table  of  approximate  equivalents  to 
apply  here;  but  there  has  been  no  effective  rebuttal  of  the  position 
taken  in  the  ]>aper,  which,  therefore,  I  regard  as  established. 

3,  The  prosperity  of  foreign  trade  in  nowise  requires  the  adop- 
tion of  the  system  as  a  basis  of  manufacture,  f  With  the  excep- 
tion of  a  single  re-echo  of  the  old  assertions  to  the  contrary  by 
one  of  Mr.  MUler's  correspondents,  there  is  not  in  this  whole 
<liscussion  a  syllable  of  disproof  of  this  contention,  while  the 
confirmation  of  it  by  the  experience  of  machinery  manufacturers 
is  overwheliuing.  This  proposition  mayj  therefore,  be  reganled 
as  not  only  proven,  but  as  at^eo|)ted  by  the  metric  advocates. 

4,  The  bill  now  before  Congress  is  a  compulsory'  measure^  so 
far  as  it  relates  to  those  who  do  business  with  any  of  the  depart- 
ments of  the  government,  ]?fo  reply  has  been  made  to  this,  and, 
indeed,  its  truth  is  virtually  admitted  by  Mr.  SouthaKl,  It 
therefore  may  be  regarde*l  as  established- 

How  much  remains  of  the  metric  case  ? 


*  Author's  final  cloF*iire,  iimU*r  the  Rules. 

t  This  is  not  to  be  iindfrstood  as  referring:  to  its  use  in  commen.'ial  literature  and 
correspondence.  It  b  th<5  etimnvonest  of  common  setise  to  say  tlmt  commercial 
information  for  metric  countries  should  be  given  in  metric  units* 
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No.  973. 

REPORT  OF  COMMITTEE  APPOINTED  TO  DISCUSS 
THE  ARGUMENTS  IN  FAVOR  OF  AND  AGAINST 
THE  METRIC  SYSTEM. 

To  THE  Members  of  the  American   Society  of  Mechanical 

Engineers. 

Sh'8. — As  a  result  of  the  discussion  of  the  relative  merits  of 
the  English  and  of  the  metric  systems  of  weights  and  measures, 
which  took  place  at  the  Autumn  (1902)  meeting  of  the  Society, 
the  Council  appointed  Messrs.  Geo.  M.  Bond,  James  Christie, 
Wm.  Kent  and  Fred  J.  Miller,  as  a  committee  to  prepare  and 
present  a  report  to  accompany  the  paper  of  F.  A.  Halsey  and 
the  discussion  upon  it,  and  to  be  sent  to  the  members  with  the 
request  that  they  vote  upon  certain  questions  pertaining  to  the 
discussion. 

Upon  conferring  together,  it  was  found  that  all  the  members 
of  the  committee  were  agreed  upon  the  following  points: 

1.  Legislation  designed  to  compel  the  exclusive  use  of  the 
metric  system  is  not  desirable. 

2.  We  believe  that  such  legislation  could  not  be  enforced  in 
any  event  so  far  as  transactions  between  private  individuals  are 
concerned. 

3.  The  general  government  has  the  power  to  specify  the  system 
to  be  used  in  its  own  work  and  business,  and  can  require  that 
work  done  for  it  by  contractors  shall  conform  to  any  specified 
measurements  or  weights. 

4.  The  government  cannot  compel  anyone  to  bid  upon  its 
specifications. 

5.  Kecognizing  the  well  settled  fact  that  the  consumer  does 
and  must  pay  all  necessary  costs  of  production,  we  believe  that 
if  the  government  specifies  such  dimensions  as  will  materially 
increase  costs  of  production,  the  government  and  not  the  bidder 
will  have  to  pay  such  increased  costs,  it  being  self-evident  that 
a  bidder,  not  compelled  to  bid,  will  not  bid  except  at  a  price 
which  will  afford  him  a  profit. 
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6.  The  bill  now  before  Congress  is  intended  to  make  the  use 
of  the  metric  system  compulsory  in  the  several  departments  of 
the  government,  but  it  cannot  make  it  compulsory  in  private 
transactions. 

7.  We  believe  there  is  no  force  in  that  class  of  arguments 
which  consists  in  taking  integral  dhnensions  in  one  system,  trans- 
lating them  into  equivalent  and  therefore  fractional  dimensions 
in  the  other  system  and  then  making  comparisons.  Such  argu- 
ments can  be  made  as  strong  for  the  one  system  as  for  the  other. 

James  Christie, 
Fred  J.  Miller, 
George  M.  Bond, 
"William  Kent. 

Having  agreed  upon  the  above  points,  those  members  of  the 
committee  who  compose  what  may  be  called  its  pro-metric  side 
have  prepared  the  following  statement  in  favor  of  the  metric  sys- 
tem, which  will  be  found  upon  the  left-hand  pages  following;  the 
answering  argument  being  upon  the  right-hand  pages;  corre- 
sponding numbers  being  used  throughout  for  convenience  of  the^ 
reader. 
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Arguments  in  Favor  of  Metric  System. 

1.  It  is  a  rational  system  that  harmonizes  with  the  world's 
arithmetical  notation,  and  is  the  only  method  so  far  proposed 
that  bears  any  promise  of  becoming  universally  international, 
thus  facilitating  commercial  exchanges  and  encouraging  inter- 
national trade. 


2.  The  correlations  established  between  measures  of  length, 
weight  and  volume,  together  with  the  uniform  decimal  enumera- 
tion, tend  to  facilitate  and  simplify  computation  and  reduce  the 
necessity  of  memorizing  tables  of  weights  and  measures,  thus 
saving  time  in  the  school,  the  office  and  the  workshop,  and  sim- 
plifying work  for  all. 


3.  We  now  use  a  mixed  system  of  decimal  and  binary  frac- 
tions, and  the  common  i)ractice  of  changing  binary  to  decimal 
fractions  in  computations  and  then  changing  back  again  for  the 
result  would  ])e  abandoned,  together  with  all  the  sources  of  error 
to  which  those  processes  are  liable. 


4.  The  metric  system,  being  decimal,  is  well  adapted  for  slide- 
rule  computations,  consequently  it  is  asserted  that  the  slide-rule 
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1,  The  metric  system  barmonizeB  with  the  world's  notation^  in 
so  far  as  that  notation  for  computing  is  a  deoiinal  one*  Bat  it 
does  not  baraionizo  witli  the  universal  system  of  binary  sub- 
division of  measures  of  length.  The  names  also  of  the  several 
•Units  do  not  harmonize  with  the  Anglo-Saxon  terms  so  largely 
used. 

The  metric  system  bears  no  promise  of  becoming  universally 
international,  unless  the  English  and  the  United  States  govern* 
ments  should  restrict  the  liljertiea  of  the  people  l>y  compulsory 
legislation  in  favor  of  this  system*  The  use  of  the  English  sys- 
tem in  manufacturing  is  not  an  obstruction  to  international 
trade,  liecause  anyone  engaged  in  international  trade  is  at  per- 
fect liberty  to  use  the  metric  measures  in  his  catalogues  and  cor- 
respondence. 

%  The  alleged  '' correlation  between  measures  of  length, 
weight  and  volume''  of  the  metric  system,  applies  only  to  the 
relation  between  the  measures  of  length  and  the  weight  of  dis- 
tilled water  at  a  certain  temperature;  for  any  other  material  what^ 
ever,  recourse  must  be  had  to  tables  of  specific  gravity,  while  in 
the  English  system  reference  is  made  directly  to  tables  of  weight 
per  cubic  foot,  which  are  certainly  just  as  simple  and  easily  memo* 
rizod  as  specific  gravities.  The  facilitating  and  smiplifying  of 
computation  by  the  uiotric  system  is  true  only  in  certain  selected 
cases.  In  other  cases  the  English  system  is  just  as  simplej  or 
simpler.  As  to  the  necessity  of  meniorizetl  tables  of  weights  and 
measures,  the  tables  of  English  weights  and  measures  in  cus- 
tomary use  by  everybody  are  siinplor,  have  fewer  namesj  and 
rocjuire  less  thne  in  school  than  the  metric  measures.  This  will 
be  shown  later  on  page  658. 

3.  "  We  now  use  a  mixed  system  of  decimal  and  binary  frac- 
tions,"  This  is  entimly  a  matter  of  choice  and  conveniencej 
and  anyone  can  use  either  system  he  pleases.  The  trouble  of 
computing  ami  changing  back  from  one  gystem  of  f inactions  to 
the  other  is  a  trouble  that  is  experienced  only  by  a  very  small 
fraction  of  the  population,  and  those  who  have  much  computing 
to  do  facilitate  their  work  by  the  use  of  tables  of  corresponding 
decimals  and  binary  fractions. 

4.  The  decimal  system  in  itself  is  not  the  metric  system,  be- 
cause the  English  system  may  be  used  decimally  just  the  same 
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is  more  frequently  used  in  Germany  than  in  England,  where  the 
device  originated.  It  is  also  better  adapted  to  all  mechanical 
computing  devices  and  to  logarithms  which  are  not  applicable  to 
common  fractions. 


5.  Values  expressed  in  any  one  of  the  different  metric  units 
are  translated  into  values  expressed  in  any  other  unit  with  great 
facility  and  usually  by  simple  inspection;  i,  e.j  without  calcula- 
tion. For  instance,  4  centimetres  equal  40  millimetres,  or  A 
decimetres,  or  .04  metre,  or  .004  decametre,  or  .0004  hectometre^ 
or  .00004  kilometre;  and  all  these  relations  after  a  very  little 
familarity  with  the  system  are  instantly  known,  almost  without 
mental  effort,  though  in  practice  the  millimetre,  centimetre, 
metre  and  kilometre  only,  are  generally  used. 

Compare  the  above  with  the  work  required  to  determine  the 
value  of  IJ  in.  in  fractions  of  a  foot,  yard,  rod  or  mile. 


6.  The  system  provides  units  of  length  and  of  weight  adapted 
to  any  and  every  purpose;  the  millimetre  for  ordinary  machine 
construction,  the  centimetre  and  metre  for  building  construction, 
etc.,  and  the  kilometre  for  all  other  distances  which  we  now 
usually  express  in  rods  or  miles. 
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EB  the  metric  system;  in  fact^  surveyors  use  the  foot  and  its 
deciiual  siibHli vision  of  .001  of  a  foot  regularly  in  their  compu- 
tationSj  and  the  draftsman  and  machinist  is  at  perfect  liberty  to 
use  pDl  and  M^l  of  an  inch  instead  of  the  binary  sub-<li vision, 
Tvhenerer  it  will  facilitate  his  work.  The  fact  that  the  binary 
system  is  commonly  used  in  preference  to  the  decimal  system  is 
evidence  that  it  has  some  advantages- 

As  for  slide-rule  and  logarithmic  compntationSj  a  short  tidile 
of  decimal  equivalents  of  binary  fractious  may  be  printed  on  the 
Imck  of  the  slide-rule^  eliminating  the  chances  of  error  in  comput- 
ing these  equivalents. 

5.  The  measures  of  length  mentioiied  here  ai*e  miUiinetreSj 
centimotres,  decimetres,  metres,  decametre,  hectometre  and  kilo- 
metre. The  great  facility  of  changing  from  one  of  these  to  the 
other  is  not  to  \ye  compared  with  the  much  greater  convenience 
of  using  fewer  units — vi^s.j  the  inch,  foot  and  mile,  the  only 
three  important  units  universally  used  in  the  English  system^ 
and  the  avoidance  of  errors  due  to  the  misplacement  of  the 
decimal  points. 

The  particular  example  given,  to  express  J|  in.  in  fractions  of 
a  foot,  rod  or  mile,  is  one  whicli  might  be  given  to  a  child  as  an 
exercke  in  arithmetical  computation,  but  it  is  one  which  is  prac- 
tically never  to  he  met  with  in  a  Ufetime  of  experience  by  a 
mechanic,  machine  designer  or  engineer.  A  machinist  could 
easily  measure  1  ft.  O^J  in.,  but  what  probability  is  there  that 
he  would  ever  have  to  record  the  dimension  as  1^*^^  ft.  or  1,04437 
ft*?  For  comparison  let  us  give  a  practical  example  in  the 
metric  system.  What  is  the  side  of  a  square  whose  area  is  10 
hectares*     Answer,  316. 62S  metres. 

6,  Tlio  English  system  provides  units  of  length  and  weight 
admirabl}^  adapted  to  every  and  any  purpose  in  measuring:  the 
inch,  with  its  binary  or  decimal  sub-division  as  may  be  prefer !*ed, 
for  machine  construction ;  the  foot,  for  all  dimensions  in  building 
construe tion,  up  to  any  number  of  thousan<l  feet  (this  foot  takes 
the  place  of  the  usual  French  measures  mentioneil,  the  meti'e, 
the  cantiraetre  and  decimetre)j  and  the  ndle  for  all  great  dis- 
tances. For  measures  of  length,  thoiY*fore,  the  three  anits,  inch, 
foot,  and  mile^  cover  all  requirements  l>etter  than  the  live  units, 
millimetre,  centimetrej  dechnetrcT  metre  and  kilometre.  The 
yard  is  used  as  a  measure  of  length  only  for  measuring  cloth, 


as  the  aune  is  used  in  France. 


The  other  English  measures 
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Y.  The  metric  system  is  now  the  standard  with  chemists, 
physicists  and  scientists  all  over  the  world,  and  it  is  generally 
conceded  that  for  the  work  of  the  scientist  the  system  is  far 
superior  to  any  other  in  use.  The  scientist  uses  it  for  weighing, 
measuring  and  calculating,  which  is  precisely  what  machine  con- 
structors use  it  for,  and  there  is  no  valid  evidence  to  show  that 
a  system  of  weights  and  measures  which  scientists  find  most  con- 
venient would  not  be  equally  so  for  all  other  users  of  it. 


8.  For  civil  engineers  or  land  surveyors,  who  now  preferably 
use  decimal  sub-divisions,  the  metre  forms  an  excellent  base,  re- 
placing rods,  chains,  etc.,  and  a  convenient  series  of  reduction 
scales  can  be  derived  from  it,  whereby  dimensions  on  drawings 
can  be  readily  interpreted  by  the  standard  scale.  As  the  weight 
per  unit  of  volume  is  derived  directly  from  the  specific  gravity, 
the  system  facilitates  the  computations  of  masses  of  materials. 


9.  For  all  ordinary  mechanical  drawings  the  millimetre  is  well 
adapted,  rarely  requiring  the  use  of  decimal  or  fractional  fig- 
ures, and  as  no  symbols  for  unit  measure  are  needed,  the  chance 
for  misinterpretation  or  error  is  less  than  with  our  system, 
where  feet  may  be  confused  with  inches  and  vice  versa.     Like- 
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of  length,  which  are  frecjuently  cited  hy  metric  advocates,  are 
either  obsolete,  obsolescent,  or  used  by  a  very  limited  number  of 
people  for  special  purjioses, 

7,  ^^  The  metric  system  is  now  the  standard  with  chemists  and 
scientists  all  over  the  world,"  because  the  chemists  have  found 
it  convenient  for  their  purposes.  This  is  no  reason  why  machin- 
ists should  adopt  it  when  it  is  inconvenient  for  their  purposes. 
As  for  scientist-s  using  the  metric  system,  this  can  only  be  true 
by  giving  a  very  limited  defioition  to  the  word  *^  scientist*" 
The  finest  scientific  work  in  refined  measurements  that  has  ever 
been  done  has  been  done  in  the  machine  shops  of  Englaml  and 
the  United  States,  and  has  been  done  mostly  in  the  English  sys- 
tem. The  statement  tliat  '*  there  i^  no  evidence  to  show  that  a 
system  of  weights  and  measures  which  scientists  find  most  con- 
Yemen t  would  not  be  equally  so  for  all  other  users  of  it/'  is 
opjjosed  to  the  opiniun  of  the  liir^ent  users  of  measuring  instru- 
ments in  the  country, 

S.  For  civil  engineers  or  laml  surveyors,  who  preferably  use 
decimal  subdivisions,  the  foot  now  fortns  a  perfectly  satisfactory 
basis^  replacing  rods,  chains,  etc.,  and  a  convenient  series  of  re- 
duction scnles  (such  as  ^  inch  to  the  foot)  can  be  derived  from  it 
whereby  dimensions  on  drawings  may  be  readily  interpreted, 
thus  obviating  the  necessity  of  translating  existing  reconls  of 
land  sun^eys  into  units  which  are  entirely  incum mensurable  with 
our  present  units.  This  fact  is  most  forcibly  shown  in  the  pro- 
visions of  the  bill  before  C**mgi*ess,  which  specially  exem]>ts  the 
pa!»lic  land  surveys  from  its  operation.  As  to  the  weight  per 
unit  of  volmne  being  derived  diroctly  from  the  specific  gravity, 
i\m  necessitates  rt*ferences  to  tables  of  specific  gravities  of  sub- 
stiinceB,  which  is  no  mom  easy  than  references  to  tables  of 
weights  per  cubic  foot  ami  per  cubic  inch,  as  is  customary.  In 
far-t,  weiglits  (jcr  cubic  foot  are  usually  more  easily  carried  in  the 
nnnd  than  specific  gravities — for  instance^  east  iron,  %veight  450 
lbs,,  f^h  gv,  7.^1  B;  wrought  iron  450  lbs.,,  sp.  gr.  7.7;  brick  100 
to  125  lbs.,  sp.  gr.  1,G  to  3;  gravel  100  to  1^0  lbs,,  sp.  gr.  1.6  to 
IM;  sand  OO  to  110  lbs*,  sp.  gr.  1.44  to  1.78. 

iK  For  all  ordinary  mechanical  drawings  the  inch  is  better 
adapted  than  the  raillimetre;  the  inch  can  be  used  up  to  more 
than  100  inches  and  down  to  any  fraction,  binary  or  decimal, 
that  may  be  desired,  and  no  syndjols  for  unit  measure  are  needed 
if  the  drawing  states  that  all  measures  are  in  inches.     The  use 
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wise  less  figures  are  usually  required  than  with  our  system,  espe- 
cially where  many  fractional  terms  are  employed.  The  misplac- 
ing of  a  decimal  point  one  place  makes  the  result  either  ten  times 
too  large  or  too  small,  and  such  an  error  is  usually  instantly 
detected.  If  errors  should  arise  from  this  source,  adherence  to 
a  few  simple  rules  will  avoid  them.  In  Europe  the  millimetre  is 
usually  the  only  unit  employed  in  mechanical  drawings  and  in 
machine  shops. 


10.  That  the  system  is  superior  to  ours  for  fine  tool- work  is 
demonstrated  by  the  fact  of  its  adoption  by  so  many  manufac- 
turers of  this  class  here,  especially  such  as  produce  optical  instru- 
ments, watches,  etc. 


11.  A  convenient  and  expressive  series  of  wire  gauge  numbers 
can  l)e  derived  from  the  system,  expressed  in  tenths  of  milli- 
metres,  using  only  two  figures  and  the  gauge  numbers  express- 


ing the  actual  dimensions. 


12.  Its  use  would  avoid  the  mixture  of  decimal  and  binary 
fractions  now  in  common  use  in  machine  shops,  and  which  re- 
quire frequent  conversion  to  decimal  equivalents  or  reference  to 
printed  tables.  For  instance,  it  would  entirely  avoid  such  prob* 
lenis  as  the  following:  A  hole  is  l^^^g^  inches  diameter,  a  piece  is  to 
be  turned  to  (it  it  with  .003  inch  clearance;  what  is  the  diameter 
of  the  hitter  piece  ?  By  reference  to  a  table  we  find  1^  inches  = 
1.00375  inches,  and  subtracting.  003  inch  we  have  1.09075  inches. 
A  parallel  exanii)le  in  the  metric  system  would  be:  Hole  29  milli- 
metres diameter;  diameter  of  pin  to  fit  with  .06  millimetres 
clearance  equals  28.94:  millimetres,  and  the  size  is  thus  obtained 
immediately,  without  a  table  and  by  mental  calculation.    In 
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on  a  (Irawing^  of  both  feet  and  inches  is  entirely  a  matter  of 
choice  with  the  draftsman  or  his  employer.  The  statement  that 
*'  less  tijrurea  are  rec[uiretl  on  an  average  tlian  with  our  system  '^ 
has  fre^iaently  been  denied  by  the  heads  of  the  hirgest  shops  m 
the  conn  try  where  both  systems  have  been  used.  See  ]>aper  by  Dr. 
Coleman  Sellei'a(voL  i.,  TranMwtiouSy  A,  S.  M.  E,,  p.  1:^);  iiesays: 

^*My  experieace  covers  many  examples  of  engineers  and 
dmftsmen  educat-ed  in  metric-using  countries,  whoj  when  they 
come  to  us,  lairn  to  use  our  measures  as  quickly  as  wo  can  learn 
to  use  theirs,  but  adopt  our  methotis  of  Ciilculatiou  as  involving 
fewer  figures.'* 

The  use  of  the  millimetre  as  the  unit  tends,  on  account  of  its 
small  size^  to  increase  tlie  number  of  the  ligures  rei|uired  in  a 
drawing. 

10.  The  production  of  optical  iustruraents  and  watches  is  an 
exceedingly  small  Ijranch  of  luanufacture,  as  couij^arcd  with  tiiat 
of  machine  tools,  and  it  may  lie  oonvenieut  to  use  the  centimetre 
or  niiliimetre  in  such  w^ork,  while  the  manufacturers  of  other 
twils  would  find  it  preferatjle  to  use  the  inch.  Also,  if  the  opti- 
cid  instrument  uuikers  and  watch  makers  have  voluntarily 
adopteil  the  metric  system,  it  is  no  reason  why  other  manufac- 
tupei*8  should  l>e  forced  tc)  aitopt  it  against  tl»eir  will. 

11.  The  use  of  wire  gauge  numbers  i«  now  generally  con- 
demned and  is  gradually  being  alxilished,  thousandfclis  of  an  inch 
being  substituted.  For  electrical  wiring  calculations  the  new 
imit,  the  circular  mil,  has  been  found  to  lie  a  gi'cat  convenieuce. 
The  iutroductiou  of  a  new  system  of  wire  gauge  numbers,  the 
dimensions  l>eing  in  tenths  of  a  millimetre^  would  be  a  deplor- 
able addition  to  the  existing  confusion  of  wire  gauges. 

12.  The  English  system  avoids  the  use  of  decimal  and  binary 
fractions  whenever  the  designer  or  user  of  the  unit  chooses  to 
use  either  one  fraction  or  the  other  iti  his  work.  For  instancCj 
a  superintendent  of  a  machine  shop  wishing  to  OTder  a  pin  to  tit 
a  hole  which  is  i^  diameter  with  .003  of  an  inch  cle[iranc6, 
would,  by  reference  to  a  table  on  his  desk,  or  to  tlie  table  stam|i©d 
on  his  micrometer  calii>ef,  obtain  the  diameter  of  the  holo  in 
decimak,  viz.,  LOiM,  and  the  dimension  l.OfU  =  LOW  --  .003 
would  I^  given  to  the  workman,  or  a  gauge  would  be  furnished 
him  to  work  with.  In  other  words,  absolute  dimensions  for  fine 
fits  can  be  expressed  in  one  unit  Just  as  well  as  in  the  other. 
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other  wordsj  absolute  dimensions  lor  fine  fits  can  be  expressed 
clearly  and  with  greater  precision  than  is  the  cai^c  ^vith  our  sys- 
tem, and  nmch  figuring  in  shop  and  drafting  roojn  thereby  siwed, 

13.  llotrio  micrometers  ar^  graduated  to  read  to  ,01  milli- 
metre, and  all  such  problems  as  the  fon^going  would  be  readily 
solved  by  draftsmen  and  workmen  usually  without  the  use  of  the 
pencil,  and  always  without  reference  to  a  printed  table,  Fnr- 
thennore,  .01  mOlimetre  is  a  better  unit  than  j)Ol  inch  fqp 
micrometer  ralipcrs,  because  the  former  13  somewhat  less  than 
one-half  the  magnitude  of  the  latter  and  ,001  inch  is  too  large 
a  unit  for  the  better  class  of  work  done  in  inaehine  shops^  as 
is  evidenced  by  the  f refiuent  necessity  for  dividing  tlie  .001  inch 
and  residing  measurements  by  esthnation  betw^ecn  graduations 
on  the  micrometer. 

14,  The  system  is  so  simple  that  the  avemge  worlnnaa  lias  no 
difficulty  in  learning  to  apply  it  in  a  very  short  time  (see  pages 
522  to  528  of  accompanying  discussion,)  The  metric  hand-rule 
with  the  millimetre  sub-division  presents  tho  most  convenient 
mininium  sub-division  that  can  be  deviseil.  The  -j^j  inch  on  our 
hand-rule  is  too  large,  whereas  the  half  of  this,  or  -^^^  inch^  is 
found  too  small  to  be  clear  and  legible  for  ordinary  liaTKl-rules, 
The  system  avoids  the  use  of  our  common  fractions,  which  are 
cumbrous  and  inconvenient. 


15.  In  applying  the  standard  scale  for  measurements  the  aser 
is  not  liampered  by  ]>reserving  the  distinctions  between  inches, 
feet,  etc*  ^  or  referring  to  the  corresponding  symbols.  The  meas- 
urement is  simply  read  off  and  the  terms  referred  to  in  any  sub- 
division of  the  metre  that  is  convenient  and  desii-able,  just  as  we 
do  in  reading  our  Arabic  numerals,  and  tlie  sign  ill  cance  of  these 
is  readily  grasped  by  those  of  the  most  onlinary  intelligence* 

Ifi.  The  use  of  the  metric  system  woulil  not  require  tho  altera- 
tion of  established  standards,  such  as  bolt  or  pipe  threads,  tai>er 
shanks  of  drills,  etc.  In  fact,  in  many  standard  articles  lUmen- 
fiions  are  only  nominal  and  not  reaL  [ri  all  such  eases  integnd 
metric  figures  could  readily  be  applied  to  these,  wliich  would  be 
at  least  as  near  as  the  existing  nominal  dimensions  are  to  the 
actual,  but  no  change  of  actual  dimensions  would  he  retjuired, 
and  for  ordinary  use  such  sta.ndard  articles  would  {>robably  retain 
their  present  names  or  designations.     No  law  could  prevent  this. 
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13.  If  the  micrometer  reading  to  .01  millimetre  is  better  than 
one  reading  to  .001  inch,  so  also  is  one  reading  to  .0001  of  an 
inch  better  than  the  one  reiuling  to  .01  millimetre,  and  such 
micrometers  are  in  daily  use  in  tool-rooms  on  work  requiring 
this  degree  of  refinement. 


14.  The  average  workman  in  using  the  metric  system  has  a 
more  inconvenient  rule  to  handle  than  the  English  two-foot  rule, 
the  former  requiring  sub-division  bv  tenths,  if  the  metre  is  used, 
while  the  latter  is  usually  divided  into  four  parts.  The  ordinary 
two-foot  rule  often  contains  on  one  side  tenths  of  an  inch,  and 
on  the  other  side  sixteenths.  If  twenty-fifths  of  an  inch  were 
wanted,  they  would  be  put  on  it,  but  tlic  average  workman  finds 
no  difficulty  in  splitting  the  sixtecntlis  by  his  eye,  and  reading 
by  thirty-seconds.  On  steel  scales  sixty-fourths  of  an  inch  are 
quite  legible. 

15.  In  applying  tlie  standard  two-foot  rule,  the  user  deals 
only  wath  inches,  unless  he  chooses  to  use  feet.  The  choice  of 
the  two  units  is  a  great  convenience,  and  lie  should  not  ])e  de- 
prived of  it,  since  it  presents  a  simple  i)icture  to  the  mind  for 
mental  conception  of  the  required  or  existing  dimensions. 


10.  The  statement  that  '*  the  use  of  the  metric  system  would 
not  require  any  alteration  of  esta))lislied  standards  "  can  only  be 
true  by  giving  a  very  limited  detinilion  to  the  word  ''  use."  If 
the  United  States  is  to  adopt  tlie  metric  system  it  will  have  to 
adopt  metric  standards;  tliat  is,  we  would  have  a  standard  size 
of  mandrel,  whose  dimension  is  2.')  millimetres,  for  the  manufac- 
ture of  new  machines,  and  we  would  also  have  a  standard  one 
inch  mandrel,  w^hich  we  iiiiiilit  call  L^^^ i  millimetres,  for  repair 
work  on  old  machines.  13ut  if  the  word  '"use'-  means  simply 
that  we  aro  to  continue  to  Avork  with  existing  standards,  and 
41 
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17.  The  expense  and  confusion  incident  to  making  the  change 
are  usually  much  overrated,  as  it  is  now  known  by  actual  experi- 
ence that  the  two  systems  can  be  used  concurrently  with  little  con- 
fusion in  the  same  establishment  (see  pages  522,  523,  525  and  528 
of  accompanying  discussion).  Any  changes  of  dimensions  that 
might  be  desired  for  expression  in  integral  metric  units  could  be 
effected  from  time  to  time  as  the  opportunity  offered.  All  shops 
are  constantly  wearing  out  or  renewing  tools,  gauges,  etc.,  and 
at  the  proper  time  these  can  be  replaced  to  conform  in  absolute 
dimensions  to  the  metric  units.  The  weight  of  evidence  on 
record  indicates  that  the  change  is  actually  made  with  less 
trouble  and  expense  than  is  anticipated  by  those  who  oppose  the 
system. 
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merely  call  them  the  metric  names,  we  submit  that  this  is  not 
either  the  adojition  or  the  use  of  the  metric  system,  and  it  simply 
introduces  unneecesary  complication  and  confusion  to  attempt  to 
express  an  existing  standard  dimension,  which  is  exact  in  the 
English  system,  in  terms  of  the  metric  system,  with  which  the 
English  system  is  incommensurable- 

'•  In  all  such  cases  integral  metric  figures  could  readily  be  ap- 
plied to  these  (standard  articles),  which  would  be  at  least  as  near 
as  the  existing  nominal  dimensions  are  Uy  the  actual ^  but  no 
change  of  actual  dimensions  would  be  required.'" 

In  the  case  of  a  one-inch  mandrel,  would  it  be  right  to  call 
it  a  25-niillLmetre  mandrel,  when  its  true  dimension  is  25.4,  and 
when  there  is  also  another  25-millimetre  mandrel  made  to  the 
French  standard  kept  in  the  same  tool-room?  So  also  would 
the  two- inch  mandrel  be  called  a  50-millimetre  mandrel,  or  a 
51-millimetre  mandrel,  which  is  the  nearest  integral  figure?  In 
reganl  to  bolt  or  pipe  threads,  taper  shanks  of  drills,  etc,,  which 
are  referretl  to^  these  are  standardized  to  the  ,001  of  an  inch. 
In  such  cases  integml  miilimetro  figures  could  not  proi>erly  l)e 
a|i|4i*3d  to  them. 

17*  ^'  The  expense  and  confusion  incident  to  making  the  change 
ai^  usually  much  overrated."  This  statement  can  only  be  met 
by  a  positive  denial.  It  is  the  overwhelming  testimony  of  the 
largest  manufacturers  in  the  country,  that  the  expense  and 
confusion  of  making  a  change  cannot  be  stated  sutHcientiy 
strong. 

Mr.  Ualsey  says:  *'  The  man  who  can  estimate  or  indicate  in 
words  the  value  of  mechanical  standards  to  this  country  and  the 
loss  due  to  their  destruction,  does  not  live.  -  ,  .  The  cost  of 
attempting  to  change  air-brake  hose  couplings  is  not  represented 
)iy  the  value  of  the  tools  for  maldng  the  couplings  in  the  West- 
ingbouse  works,  but  by  the  infinite  confusion  of  the  railroads  in 
getting  from  one  standard  to  another.  The  value  of  the  tools 
in  this  case  is  not  many  dollars,  but  the  cost  of  the  change  can- 
not Iks  found  upon  any  inventory,  nor  can  it  be  measm^ed  by  any 
scale/' 

*'  Similarly  ogain,  the  cost  of  changing  our  pi  per- thread  stand- 
ard is  not  represented  by  the  cost^of  new  taps  and  (Ues,  but  by 
the  confusion  involved  in  getting  from  one  standard  to  another— 
a  eonfnsion  which  will  last  until  existing  steam,  water,  and  gaa- 
pipes  have  disappeared,  and  which  will  not  be  lessened  by  put- 
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18.  To  the  public  at  large  the  system  offers  the  advantages  of 
definite  and  convenient  units  of  weight  and  volume.  The  con- 
version from  one  unit  to  another  of  the  same  class  being  effected 
by  a  simple  mental  process,  without  calculation  or  reference  to 
tables,  or  any  severe  tax  on  the  memory.  Its  adoption  would 
abolish  the  conflicting  units  of  weight  and  volume  now  so  preva- 
lent, and  would  bring  all  our  standards  of  weights  and  measures 
to  a  simple  expressive  basis.  Its  adoption  would  tend  to  abolish 
the  pernicious  practice  of  selling  products  by  the  ''basket"  or 
''box,"  or  other  measures  of  unknown  capacity,  a  practice 
which  encourages  fraud.  This  result  seems  to  follow  where  the 
system  has  been  adopted. 


10.  The  testimony  of  those  who  have  used  both  the  metric 
and  the  English  system  of  measurements  in  machine  construction 
and  in  other  industries  is  largely  in  favor  of  the  metric  system, 
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ting  off  the  change  until  it  is  hrought  about  *at  the  suggestion 
and  convenience  of  manufacturers,  ■  ^'     (Hakeyj  p.  443.) 

*'  Auy  changes  of  diincnsions  that  might  be  desire<l  for  ex]>res* 
sion  in  integral  metric  units  could  be  effected  from  time  to  time 
as  the  opportunity  offered/' 

For  instance,  when  would  the  opportunity  be  afforded  to 
change  the  shape  and  size  of  a  milling  cutter  adajited  to  cut 
teeth  of  six  ]>itch  (that  is,  six  teeth  per  inch  of  diameter)  of  a 
gear  wheel  to  adapt  it  to  any  integral  metric  unit?  Of  the  hun- 
dreds of  thousands  of  matclied  gear  wheels  of  standard  diametral 
pitches  which  are  now  in  use,  how  is  it  possible  to  reprochice  these 
in  any  in^tegral  tnotrie  unitj  or  effect  this  transformatiou  without 
tremendous  confusion  ?  When  will  the  pro|>er  time  come  to 
abandon  every  one  of  these  ge^irs  and  rei^laite  them  with  others 
wliioh  ^'conforin  in  absolute  dimeusious  to  the  metric  units? 
The  same  applies  to  all  screw*thread  standards,  pipes,  bolts^ 
turned  shaftings,  etc.,  and  all  standard  shop  sixes. 

18.  The  allege*!  ease  of  conversion  from  one  unit  to  another 
(of  weight  and  volume)  exists  only  iu  reference  to  dLstilled  water, 
For  all  other  substcinces  tables  must  be  referred  to  to  show  either 
the  specific  gravity  in  the  metric  system,  or  weight  per  cubic 
foi>t  or  per  cubic  inch  in  the  EngHsh  system.  To  the  pubUc  at 
large  the  English  system  offers  the  advant^ige  of  definite  and 
convenient  units  of  weight  and  volume.  The  cubic  inch,  cubic 
foot  and  cubic  yanl,  are  all  that  are  needed  to  express  volumes, 
and  the  jwund  is  all  that  is  neetled  to  express  weight.  But  the 
weight  of  any  given  volume  of  any  large  number  of  materials, 
except  distihed  water,  cannot  be  memorized  by  any  ordinary 
man,  and  he  nuist  refer  to  tables  of  weights  or  specific  gravities 
to  obtain  the  weight.  *'T!ie  adoption  would  tend  to  abolish 
the  pernicious  practice  of  selli!ig  products  by  the  basket  or  box." 
This  ]>erniciouB  practice  can  be  abolish eil  at  any  time  without 
adopting  the  metric  system,  by  the  simple  expedient  of  selling 
all  Ijoxed  or  basketed  goods  by  the  |>ou!idj  or  else  by  enacting 
laws  to  prevent  the  use  of  fraudulent  measures,  or  boxes  or 
liasketa  which  do  not  repmseut  known  measures  of  volume, 
Tims,  let  the  law  proviile  that  a  rpiart  box  of  strawberries  shall 
actually  contain  a  quart,  or  a  definite  amount  by  weight* 

19*  The  testimony'  of  those  who  have  used  both  systems  is  by 
no  means  entirely  in  favor  of  the  metric  system.  There  are 
many  witnesses  on  the  other  side. 
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as  shown  at  pages  522  to  528  and  579  of  the  accompanying  dis- 
cussion.* 


♦Since  the  discussion  of  Mr.  Halsey's  papt^r  was  dosed,  Mr.  Miller,  continuing 
his  efforts  to  gather  the  testimony  of  those  who  in  machine  construction  or  me- 
chanical engineering  work  have  used  both  the  English  and  the  metric  systems  of 
measurement,  has  received  letters  expressing  strong  preference  for  the  metric 
system  from  the  following: 

Chas.  J.  Koeler,  of  New  York,  born  and  educated  in  Germany,  and  with  subse- 
quent shop  and  other  experience  here  and  in  Germany.         • 

John  linishear,  member  of  this  Society.     Maker  of  astronomical  instruments. 

E.  A.  Marsh,  general  superintendent  of  the  American  Waltham  Watch  Co. 

Arthur  Falk<'nau,  member  of  this  Society. 

L.  D.  Burwell,  of  Cleveland. 

Joseph  B.  Edwards,  of  Chicago. 

August  Hoffmann,  of  Chemnitz,  Germany. 

J.  L.  Barnes,  of  New  York. 

These  men  have  been  placed  in  positions  enabling  to  draw  comparisons  based 
upon  actual  experience,  and  although  an  effort  has  been  made  to  get  the  testi- 
mony of  men  having  similar  experience  and  who  oppose  the  metric  system,  no 
such  testimony  has  been  presented. 
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Mr.  Coleman  Sellers,  in  1880,  after  nearly  20  years  of  constant 
use  of  the  metric  system,  says,  ''it  is  not  so  well  adapted  to  the 
wants  of  machinists  as  the  one  now  in  use.  ...  Its  enforced 
introduction  will  do  harm  instead  of  good  "  {Transactions ^  A.  S. 
M.  E.,  vol  i.). 

The  finn  of  Wra.  Sellere  &  Co.  about  1800  adopted  the  metric 
system  in  the  manufacture  of  the  Giffard  injector,  equipping  a 
complete  department  of  their  works  for  that  purpose.  More 
than  40  years  later,  on  February,  1903,  Mr.  William  Sellers 
writes  to  one  of  the  members  of  tliis  committee: 

"  Mr. ,  as  I  happen  to  know,  has  never  given  the  sub- 
ject any  broad  investigation.  Those  who  have,  such  as  the 
mechanics  of  the  country,  are  almost  universally  opposed  to  the 
use  of  the  metric  system.  ...  I  think  it  would  be  deplorable 
if  this  Society  should  lend  itself  to  the  further  introduction  of 
this  system  in  this  country." 

Mr.  John  II.  Ball,  of  Barcelona,  Spain,  writes  (Mr.  Halsey's 
paper,  page  419): 

"  In  regard  to  the  change  from  English  to  metric  measures, 
proposed  in  the  United  States  and  being  agitated  in  England,  it 
surely  would  be  a  great  pity  to  throw  delii)erately  away  the 
uniformity  at  present  reigning  in  tlicsc  countries.  After  four 
and  a  half  years  in  a  professedly  meti'ic  country  the  English  sys- 
tem is  still  to  me  the  easier,  owing  to  the  greater  number  of 
years  of  practice  I  have  had  with  it.  After  some  forty  or  more 
yejirs  of  the  metric  system  in  this  country  tlie  mixture  is,  after 
all  these  years,  an  abominable  mixture  still,  and  bids  fair  to  con- 
tinue so  for  many  yeai's  to  come." 

Mr.  Henry  Hess,  in  a  letter  in  the  A//ft'/u'c(/fi  Mf/r/fno'sf,  Octo- 
ber 16,  19U2,  says: 

"  Some  years  since  I  was  asked  to  sign  a  jx^tition  to  ( 'ongress 
asking  that  the  metric  system  of  uK^asurenients  l)e  olHcially 
adopted  as  the  legal  American  standard;  in  common  with  many 
others  I  complied,  under  the  impression  bliat  tlie  ease  of  reckcm- 
in<r  with  decimals  and  the  conveniiMice  of  a  logicallv  harmonious 
system  would  be  sufficient  to  com])ensate  for  all  troubles,  fancied 
or  real,  incidental  to  tlie  cliang(\  Since  then  actual  experic^nce 
with  the  metric  system  has  led  to  a  I'cvision  of  views.  .  .  .  Tlie 
decimal  system  is  only  in  ])art  moi'e  convenient  than  a  binary 
system,  but  not  wholly  so,  or  even  more  so.  It  is  in  fact  more 
uncertain  in  arithmetical  opci'alions  than  the  decidedly  faulty 
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EngKsli  system.  This  statement,  directly  opposed  to  my  pm- 
conceived  notions  of  a  few  years  ago,  is  advanced  aa  a  result  of 
direct  erpcrience  with  the  metric  system,  extending  now  over 
three  years.  Having  been  gradually  led  to  this  conclnsion,  I  de- 
tennined  to  put  it  to  a  practical  tost.  A  certain  problem— not 
made  np  specially  for  the  occasioiij  but  cropping  up  in  regular 
pmctice — was  submitted  to  seven  draftsmen  and  designers,  some 
of  tljoin  of  more  than  average  attainmentg  and  all  of  them  thor- 
oughly famihar  with  the  metric  system  through  having  used  it 
almost  exclusively  in  their  practice  and  schooling.  The  correct 
residt  was  arrived  at  by  only  three  of  the  seven  men. 

'*^  The  prublenx  was  at  tirst  given  to  but  one  man,  and  only  the 
obviously  wrong  result  letl  to  its  being  handed  over  to  others. 
The  lUfficulty  lay  in  the  correct  location  of  the  decimal  point; 
with  one  exception  all  had  the  correct  numeralsj  but  the  men 
wer«  apparently  lost  in  tlie  maze  of  dec^imal  figures.  The  loca- 
tion of  the  d(:H.!imal  point  varied  by  as  much  as  six  places. 

**  The  sauie  [iroblem  with  equivalent  values  in  English  units 
was  then  handed  out.  Tiie  correct  resnlt  was  arrived  at  by  six 
out  of  seven  men  in  an  average  of  two- thirds  the  time  taken  for 
its  sioiution  in  the  metric  system,  showing  that  the  percentage  of 
error  was  very  much  less  and  the  time  considerably  less  with  the 
In  nary  system,  not^vithstanding  the  relative  unfamiliarity  of  the 
men  with  the  units  of  the  binary  system- 

''  From  the  draftsman's  point  of  view,  the  binary  sj^stem  is 
al.Ho  (ItK*idedly  mon?  convenient.  In  mechanical  engineering 
practically  the  \\^oi-ld  over  the  most  generally  used  scale  is  smoUer 
than  one-half*  With  the  metric  systtmi  the  nest  one  available 
to  *im>half  is  oue41fth;  this  is  small  and  not  convenient  as  com* 
pared  with  one-fourth;  going  further,  the  inconvenience  becomes 
greater  with  one-tenth  than  with  one^^ighth,  etc.  Actual  use 
will  convince  anyone  of  the  truth  of  this,  as  it  has  me,  who 
confesses  to  having  fjeen  very  skeptical  as  to  there  being  a  prac- 
tically nnticeable  dilfereuce  in  convenience  of  quarter  against 
tiflh  and  eighth  as  against  tenth  scales.- * 

Mr.  llalsey,  in  his  paper,  p^ige  411,  quotes  from  a  letter  he 
received  from  an  Americiiu  engineer  who  has  lived  in  Paris  since 
188!): 

**  The  decimal  division  and  multiplication  of  the  metric  system 
do  not  apjM^ar  to  suit  various  industries  for  widely  different 
reasons." 
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20.  Tlie  standard  terms  for  metric  measures  can  be  readily 
abbreviated  into  terse  words  or  monosyllables,  adapted  for  popu- 
lar use,  but  retaining  the  significance  of  the  original.  The  adop- 
tion of  the  metric  system  would  not  involve  much  recalculation 
for  standard  technical  tables,  etc.,  as  the  French  and  German 
technical  literature  of  this  kind  is  quite  complete,  and  it  would 
be  merely  necessary  to  reprint  their  tables. 
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Mr.  H.  L,  Des  Anges  (Mr.  Ilalsey's  paper,  page  535),  says: 

^'My  experience  with  the  metric  system  dates  frorii  early 
childhood  ami  lirst  school  training,  when  I  had  a  thorough 
knowledge  of  it,  A  change  from  the  present  system  of  measure- 
ment in  my  mind  would  work  great  hardship  on  the  common 
run  of  engineers,  '■ 

See  aJso  the  opinions  of  sevei^al  others  who  have  used  and  are 
thoroughly  familiar  with  the  metric  system,  quoted  in  Mr. 
Ilalsey's  paper — vix.,  J.  II.  Linnard,  page  449;  A.  M,  Mattice, 
page  515;  Lrcon  Von  Muraltj  page  515;  W.  E.  Keed,  page  61(>; 
Otto  C-  Iley man,  page  51fi;  J,  E,  Shore,  page  530. 

In  a  discussion  before  the  Institution  of  Electrical  Engineers 
(ICnt/^ifwermg,  London,  Fehruary  13,  1903),  Mr.  Thnuias  Parker 
said  "he  had  given  thirty  years  of  study  to  the  metric  system^ 
and  for  four  years  had  used  it  practically,  and  had  foimd  the 
units  unsatisfactory  and  imperfect."  Mr*  Leslie  Ilobertson  said 
that  **it  had  been  his  privilege  to  work  in  countries  using  the 
metric  system.  ,  .  ,"  He  thought  that  ^*  the  Institution  ought 
to  proceed  with  very  great  caution  Ix^fore  it  ex])ressed  an  official 
opmion  in  favor  of  the  metric  system/'  Sir  John  Wolfe  Barry 
Siiid  he  was  '*  bold  enough  to  admit  that  he  was  averse  to  the 
metre  as  a  unit,  and  to  decimals  for  calculations*  *  .  ."  He 
had  found  the  metre  ''  too  large  for  purposes  of  calculation  and 
not  so  convenient  as  a  frjot/' 

20,  '*  The  standard  terms  for  metric  measures  can  be  readily 
al>breviated  into  short  monosyllables^  adapted  for  popular  use, 
but  retaining  tlie  significance  of  the  original/'  But  the  French 
]»oople  in  a  hundred  years  have  not  adopted  such  short  terms! 
€an  any  terms  be  better  than  our  foot  or  mile  ? 

*'  The  adoption  of  the  metric  system  %YOuld  not  involve  umch 
recalculation  for  technical  tables^  etc.,  as  tlie  French  and  German 
technical  literature  of  this  kind  is  quite  complete,  and  it  would 
bo  merely  necessary  to  reprint  their  taldes/'  Will  the  writer 
of  this  sentence  kindly  exemplify  it  by  protlucing  a  table  which 
corresponds  to  the  tablo  of  lap-weldetl  pipe  which  is  issued  by 
all  the  pipe  manufacturers  of  this  country  ?  Or,  wiU  he  furnish 
a  table  sb owing  the  flow  of  water  or  steam  in  pipes  of  the  exist- 
ing American  standard  dimensions?  Other  examples  might  be 
suggested.  Or,  will  he  furnish  a  few  sample  tables  which  show 
in  any  way  that  his  opinion  on  this  subject  is  correct  ?  The  sub- 
stitution of  the  tables  in  French  and  (terman  technical  books  for 
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21.  With  the  metric  system  the  necessity  of  binary  division 
largely  disappears.  Halving  and  quartering  might  be  used  as 
popular  expressions,  but  the  decimal  fractions  only  would  be 
used  in  technical  literature.  Binary  divisions  may,  however, 
be  used,  as  they  sometimes  are  with  our  coinage. 


22.  It  is  generally  acknowledged  that  if  our  existing  systems 
of  weights  and  measures  should  be  retained  indefinitely  they 
should  be  entirely  revised  and  codified  to  remove  the  existing 
inconsistencies  and  confiictions.  The  disturbance  necessary  to 
accomplish  this  result  would  go  far  toward  giving  us  a  coherent 
and  logical  system  that  would  be  in  accord  with  that  of  the  rest 
of  the  world.  It  is  almost  certain  that  the  system  is  annually 
gaining  strength,  both  here  and  in  Great  Britain  and  the  British 
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thoae  in  English  books  will  only  \m  possible  when  all  our  sUmd- 
iird  sizes  are  the  same  as  the  Franclj  rind  German  standjircl  sixes 
— that  is,  when  wo  uo  longer  have  pipes,  bolts,  etc,,  of  even 
inches  aocl  binary  fractions  of  an  inch,  but  have  pipes  wliich  in- 
crease  in  size  (nominal  diameters)  by  two  to  ten  milliTnetres  per 
size.  [See  The  Metric  System— a  big  Job  for  a  literary  engineer 
— Apjiendix  IX.,  p.  691.] 

21.  The  binary  division  could  be  dispensed  with  also  in  the 
English  system,  if  it  were  thought  advisable,  which  it  is  not.  A 
cliniension  of  IxV  inch  gives  a  clearer  mental  conception  than  its 
ei|uivalents,  1,0*>25  inches  and  41.3  milliraetres.  It  is  inadvis- 
able also  to  have  the  expressions  in  technical  literature  different 
fr*J!U  tliose  in  common  uscj  as  much  of  our  modern  technical  lit- 
erature  is  written  for  the  ordinary  workman- 
Mr.  William  Sellers,  in  a  pafier  publishetl  by  him  in  1902, 

says,  in  reference  to  one  of  the  advanUiges  of  the  binary  as  com* 
paretl  with  the  decimal  system: 

*' It  is  desirable  that  all  tlrawings  should  he  as  large  as  they 
can  conveniently  be  made  or  read.  ,  .  ,  Therefore  a  scale  or 
proportion  of  the  full  size  must  be  used,  as  i,  J,  f ,  |,  |,  i,  ^,  ^, 
i\^  to  which  the  divisions  of  an  inch  on  our  rules  am  conven- 
iently adapted.  Tlie  i  size  is  very  common,  but  the  ^\  and  ^ 
are  so  small  that  they  are  seldom  used.  The  metre  with  its 
decimal  divisions  affords  no  such  facility;  we  are  therefore  con- 
fined to  the  3,  i,  iV?  A*  A  ^^  ^^^  f^l^  ^^^^>  ^^  ^i^^*'  ^^*^  ImYG  hut 
three  practical  scales  hi  the  metric  system,  where  within  the 
same  practical  limits  the  inch  base  affonls  seven.  The  scale 
series  most  common  upon  the  incli  btise  is  that  of  J^  ^  and  |; 
this  halves  dovvTi  from  whole  size^  and  can  be  raised  in  rapid 
drawing,  by  taking  oiT  dimensions  with  the  dividers  and  douljling 
them,  and  by  using  diameter  sizes  from  one  drawing  as  radius 
dimensions  in  the  other^  a  process  impossible  between  the  i  and  i 
sizes  of  the  metrical  scale-'' 

22.  '^  It  is  generally  acknowledged  that  if  our  existing  systems 
of  weights  and  measures  are  to  be  retained  indefinitely  they  sbouid 
be  entirely  revised  and  codified  to  remove  the  existing  incon- 
sistencies and  conttictions."  We  are  glad  to  agree  ^vith  this 
statement.  It  would  be  a  good  thing  if  the  British  Parliament 
and  the  United  States  Congress  should  pass  a  law  defining  the 
terms  used  in  the  English  system,  so  that  no  tw*o  units  difl'ering 
in  dimension  should  have  the  same  name.     The  following  is  sug- 
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Colonies.  The  evidence  obtainable  seems  to  point  that  way. 
The  resolutions  of  technical  and  trade  associations  and  the  foot- 
hold it  now  has  before  legislative  bodies  indicate  this;  and  it 
seems  not  improbable  that  Great  Britain  may  anticipate  us  in 
the  adoption  of  the  system. 
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gested  as  a  system  which  would  be  as  satisfactory  as  any  that  can 
be  named  based  on  the  English  inch. 

Length  t  mU,  inch,  foot,  yard,  mile — 5  units.  (The  yard  to  he 
commonly  used  for  textiles  only). 

iSurface:  circidar  mil  (for  wire  only),  square  incL,  square  foot, 
B^iuare  yardj  square  mile. 

Land  measure:  length,  feet  and  decimals^  area,  square  feet  and 
decimals,  acre,  s^-juare  mile.  (The  acre  not  because  it  is  a 
guml  unit,  but  because  it  cannot  be  got  rid  of,  as  is  evidenced 
by  the  provision  of  the  exemption  of  land  surreys  in  the  BiU 
n.  R.  2054.) 

Tolume:  cubic  inch,  cubic  foot,  cubic  yard  (hundred  cubic  feet 
would  be  a  better  unit  tban  cubic  yard);  new  bushel  —  1  cubic 
foot;  new  gallon  =  0  indies  cubed  =  J  cubic  foot  =  210  cubic 
inches;  new  quart  —  54  cul»ic  inches;  new  pint  =  27  cubic 
inches  =  S  inches  cubed. 

Weight:  grain,  ounce^  pouiuU  tfjn  (a,OrM>  pounds.);  1  new  gallon 
of  water  at  b2°  F*  =  7.8  pouudis;  1  new  gallon  of  ivaterat  30^ 
F,  —  7.803  pounds- 

*'  It  is  abnost  certain  tliat  the  [metric]  system  is  annually 
gaining  strength,  botli  here  and  in  Great  Britain  and  the  British 
Colonies.**  Against  tbe  growing  strength  of  ojdnimi  as  shown 
by  resolutions,  etc.  in  favor  of  the  metric  system  we  have  to 
show  the  far  greater  growth  oi  j/raciice  with  the  English  system, 
due  to  tbe  rapid  growth  of  population,  wealth  and  industrial 
pursuits  in  Englislt^speaking  nations,  the  building  of  railroads, 
shops,  etc.,  the  gereml  tendency  to  stand anU/^ition  of  sizes 
(based  upon  the  inch)  of  articles  of  manufacture  and  the  tools 
fi>r  making  them;  the  spread  of  technical  eduL^ation,  correspond- 
ence schools,  etc,  and  tbe  ever-increasing  mass  of  technical  liter- 
ature based  upon  English  standards* 

**  It  seems  not  improbable  that  Great  Britain  may  anticipate 
US  in  the  adoption  of  tbe  system.'^  The  metric  system  was 
formally  legabzed  by  Great  Britain  in  18C4  and  by  the  United 
States  in  18*]0.  A  British  Royal  Commission,  appointed  in  1866 
to  consider  the  suljject  of  w^eights  and  measures^  presented  live 
r^3ports  between  1868  and  1S7L  The  second  report  recom* 
meuded  the  substitution  of  the  metric  for  the  Troy  weight  in  the 
mintj  its  permissive  use  in  customs  and  other  places^  and  its  gen- 
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23.  The  retention  of  ancient  units  of  measurement  in  popular 
phraseology,  or  in  exceptional  industries,  has  no  force  as  an 
argument  against  the  metric  system,  as  this  merely  illustrates 
a  well  known  trait  of  mankind,  where  tradition  or  force  of  habit 
tends  to  maintain  ancient  or  obsolete  terms  or  usages  in  a  rudi- 
mentary form.  This  was  exem])lificd  with  our  monetary  units. 
Ancient  and  objectional  units  remained  in  use  for  a  generation 
after  the  adoption  of  our  decimal  currency.  lioman  numerals 
are  still  retained  on  watch  faces,  title  pages  of  books,  etc.  The 
Gregorian  calendar  has  not  yet  entirely  displaced  the  Julian 
calendar,  throughout  the  civilized  Avorld.  Yet  no  one  could 
effectively  maintain  that  the  abandonment  of  these  ancient  sys- 
tems was  imnecessary  and  effected  no  useful  purpose.  On  this 
phase  of  the  subject  see  remai'ks  of  President  Pritchett,  of  the 
Massachusetts  Institution  of  Technology,  at  pages  488  to  491  of 
accom})anying  discussion. 

James  Curtstie, 
Fked  J.    ]\riLLER. 


It  had  been  at  first  thought  that  the  above  presentation,  with 
the  accompanying  paper  and  discussion  would  be  sufficient,  but 
the  anti-metric  wing  of  the  committee  preferred  to  make  an 
affirmative  statement  of  its  side  of  the  question.     This  statement 
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eral  encouragement,  but  that  in  no  case  should  compulsion  be 
used,  believing  that  the  owners  of  factories  and  others  Avho 
might  desire  to  use  it  could  arrange  such  matters  without  legis- 
lative assistance.  (George  W.  CoUes,  Transactioiis^  A.  S.  M.  E., 
vol.  xviii.,  page  527). 

This  is  as  far  as  Greiit  Britain  has  as  yet  gone  toward  the 
"adoption"  of  the  system.  The  Weiglits  and  Measures  Con- 
solidation Act  of  1878  reaffirmed  the  existing  standards,  again 
making  the  metric  weights  and  measures  permissive.  If  ''  adop- 
tion" means  compulsory  enforcement,  then  Great  Britain  is  a 
long  way  from  the  adoption  of  the  metric  system.  That  this 
country  Avill  ever  "adopt"  tlie  system  in  this  sense,  whether 
antici[)ated  or  not,  is  doubted  even  by  its  advocates.  "We  do 
not  believe  that  Congress  can  by  law  invade  the  rights  of  the 
people  to  use  any  system  they  may  prefer,  and  do  not  believe 
that  anyone  thinks  of  doing  such  a  thing"  (Section  10  of  our 
opponents'  reply  to  our  argument,  p.  679). 

23.  "  The  retention  of  ancient  units  of  measurement  in  popular 
phraseology  .  .  .  has  no  force  as  an  argument  against  the  metric 
system."  Possibly  it  is  not  an  argument  against  the  system 
2)€r  86,  but  the  "  Avell-known  trait  of  mankind,  where  tradition 
or  force  of  habit  tends  to  maintain  ancient  or  obsolete  terms  "  is 
a  powerful  obstruction  to  the  general  introduction  of  the  system, 
and  it  may  be  used  as  an  argument  to  show  why  the  people  of 
the  United  States  are  no  more  likely  to  adopt  the  metric  system 
than  they  are  to  adopt  the  French  language. 

William  Kent, 
George  M.  Bond. 


follows,  and  Avill  be  found  on  the  left-hand  pages,  while  the  an- 
swers to  the  points  made  will  be  found  upon  the  right-hand 
pages;  corresponding  numbers  beinj^-  used  throughout  f<;r  con- 
venience. 
42 
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Argument  Against  the  Metric  System. 


WHAT   THE   ENGLISH    AND   THE   METRIC    SYSTEMS    ARE. 

As  preliminary  to  the  arguments  on  the  English  versus  the 
metric  system,  it  may  be  well  to  state  just  what  the  English  and 
metric  systems  are  as  used  by  the  great  bulk  of  the  population 
in  metric  and  non-metric  countries. 

The  following  is  a  table  of  the  customary  measures  of  length, 
surface,  volume  and  weight  in  tlie  two  systems  of  measure. 
From  this  table  have  been  omitted  in  botli  systems  the  dimen- 
sions that  are  not  in  general  use: 


English 

Length : 
Inch 
Foot 
Yard 
Mile 


Comparative  English  and  Metric  Measures. 
Metric 


Millimetre  —      0.03937  in. 
Centimetre—      0.3937     " 
Decimetre  —       3.937       " 
Metre  —     39.37         "   ■ 

Kilometre  —3280.83         ft. 


-3.28083  ft. 
-0.62137  mile 


Surface  : 

Sq.  inch 
Sq.  foot 
Sq.  yard 
Acre 
Sq.  mile 


Sq.  centimetre — .1550  sq.  in. 

"    decimetre  —15.50  sq.  in.— 0.10764  sq.  ft. 

"    metre— 10.764  sq.  ft.— 1.196  sq.  yd. 

"    dekametre    or     are — 1076.4  sq.ft. — 119.6  sq.  yd. 
Hectare  "      100  ares— 107,639  sq.  ft.— 2.471  acres 


Volume  :  Sq.  kilometre — 247.1  acres — 0.3861  sq.  mile 

Oil.  inch  Cu.  centimotre — millilitre —  0.0610  cu.  inch 

Cu.  foot  a^ntilitre  —  0.6102       " 

Cu.yard  Decilitre  —6.1023        " 

Quart  Litre- 1  cu.  decimetre      —  61.023         " 

—    1.0567  quarts 
Gallon  Hectolitre  or  decistere — 3.531  cu.  ft. 

—2.8375  bushels 
Bushel  Decalitre  or  centistere — 0.3531  cu.  ft. 

—2.6417  gallons 
Stere,  kilolitre  or  cu.  metre — 35.314   cu.  ft. 

—  1.3079  cu.  yds. 
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Replies  to  Argument  Against  the  Metric  System, 

I. 

The  number  of  fundamental  units  for  weights  and  measures 
used  in  either  the  British  or  the  metric  system  has  little,  if  any, 
bearing  upon  the  respective  merits  or  demerits  of  the  two  sys- 
tems. The  essential  difference  is,  however,  that  in  the  British 
system  the  complex  relationships  ot  the  various  denominations 
are  such  that  they  are  interconvertible  only  by  calculation, 
whereas  in  the  metric  system  no  such  calculation  is  required,  as 
they  are  interconvertible  by  inspection;  because  the  metric  sys- 
tem as  elsewhere  expressed  ^'  harmonizes  with  the  world's  arith- 
metical notation." 

The  person  who  has  learned  to  count  general  quantities  as  ex- 
pressed by  the  numerals  of  the  world's  decimal  notation,  readily 
understands  and  retains  in  his  memory  its  application  to  metric 
measures.  When  daily  experience  requires  him  to  use  the 
former,  he  cannot  well  forget  the  latter. 

It  is  frequently  observed  that  a  large  part  of  the  community 
who  are  not  habitually  required  to  use  our  units  of  weights  and 
measures,  have  no  recollection  of  the  relation  between  the  units; 
for  example,  the  number  of  feet  in  the  mile  or  ounces  in  the 
pound,  etc.  This  arises  from  the  obscure  or  unecpial  relation 
existing  between  the  denominational  units  of  our  system.  In 
ordinary  metric  measurements,  such  as  are  used  in  nuicliine  con- 
struction, etc.,  it  is  neither  necessary  nor  customary  to  name  the 
units  that  are  expressed  numerically.  The  figures  carry  their 
own  significance;  for  exann)le,  if  a  dimension  is  12+5  milli- 
metres, the  speaker  usually  says  twelve- forty-five  without  any 
Inference  to  the  special  unit  intended,  which  is  always  under- 
stood, and  the  expression  is  as  simple  as  when  naming  our  binary 
fractions.  Therefore  in  metric  using  countries  it  is  claimed  that 
abbrevi.itions  for  utterance  of  the*  terms  are  not  of  nmch  im- 
portance, as  the  terms  themselves  are  so  little  used.  This  is  in 
marked  distinction  to  our  system,  whercMn  the  terms  have  to  be 
constantly  employed  to  pi'eserve  the  distinction  between  feet, 
inches,  etc. 

For  the  quantities  cited  above,  one  familiar  with  the  system 
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Weight  (avoirdupois). 

Grain  Milligram— 

Ounce  Decigram — 

Pound  •      Gramme  — 

Ton    (2,000  lbs.)  Kilogram- 
Tonne      — 


Total  English,  19. 


0.01543  grain 
1.5432       " 
15.432         " 
2.20462  pounds 
2204.62        " 
(1.10231  net  tons) 
Total  Metric,  30. 


In  the  metric  system  there  are  seven  fundamental  units — ^.  ^., 
the  metre,  the  square  metre,  the  are,  the  cubic  metre,  the  liter, 
the  stere,  and  the  gram.  The  sub-divisions  are  expressed  by  the 
seven  prefixes,  milli,  centi,  deci,  for  the  smaller  dimensions,  and 
deca,  hecto,  kilo,  myria  for  the  larger  dimensions. 

The  following  table  shows  which  of  tlie  56  possible  combina- 
tions of  the  prefixes  and  the  base  unit  are  in  common  use,  those 
used  being  shown  by  a  star,  and  those  not  used  by  a  dash: 


Length 

Surface 

Volume 

WeUtht 

metre 

Sq. 

metre 

are 

Cu. 

metre  litre  stere 

Gramme 

MilU 

* 

- 

. 

-. 

. 

* 

Centi 

* 

* 

. 

* 

* 

* 

Deci 

* 

* 

. 

* 

* 

* 

Deka 

„ 

* 

- 

. 

. 

« 

Hecto 

-. 

» 

* 

- 

.  , 

. 

Kilo 

* 

* 

- 

- 

. 

* 

Myria 

— 

- 

-. 

- 

- 

- 

Tonne 

Out  of 

eight  use 

5 

5 

2 

3 

7 

3 

5 

Total  30  out  of  56. 

The  above  tables  show  that  the  English  system  has  19  units  in 
common  use.  Nearly  all  of  them  arc  expressed  in  monosyl- 
lables, and  everyone  of  them  is  familiar  to  every  English-si^eak- 
ing  school  boy  twelve  years  of  age.  Their  values  are  definite. 
The  metric  terms  are  thirty  in  number,  and  nearly  all  of  them 
are  expressed  in  polysyllables. 


II. 


MANY    OF    THE    ANCIK>fT    KNdLISIl    MEASURES    ARE    OBSOLETE    OR    IN 

])UT    JJMITKD    USE. 

From  the  table  of  English  measures  have  been  omitted  those 
measures  that  are  either  obsolete  or  obsolescent,  and  only  used 
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knows  at  a  glance  that  the  measurement  is  either  1245  milli- 
metres, or  1  metre  and  245  millimetres,  or  1  metre,  2  decimetres 
and  45  millimetres,  or  1  metre,  2  decimetres,  4  centimetres  and 
5  millimetres,  if  for  any  reason  it  is  desired  to  so  express  the 
measurement,  although  this  would  be  very  unusual.  Likewise 
if  the  same  numerals  express  weight  in  grams,  the  reader  knows 
as  he  reads  that  it  means  1  kilogram,  2  hectograms,  4  decagrams, 
5  grams.  As  the  relations  between  the  denominations  are  sim- 
ple, clear  and  expressive,  the  small  units  of  weight  are  more 
frequently  used  in  the  metric  sj^stem  by  people  of  average  intel- 
ligence than  is  customary  with  us.  Ask  any  grocer  how  many 
of  his  customers  can  clearly  comprehend  quantities  below  |  of 
a  pound  ?  The  smaller  units  of  weight  in  our  system  are  obscure 
to  the  great  majority. 

The  misinterpretation  of  drawings  by  occasional  confusion 
between  feet  and  inches,  is  an  old  and  never-ending  source  of 
trouble  in  our  system.  The  attempt  to  obviate  it  by  making  all 
numerical  terms  on  drawings  in  inches,  has  proved  equally  un- 
satisfactory, as  when  measurements  of  several  feet  are  involved 
the  workmen  must  make  the  conversion  by  calculation,  thus 
introducing  another  source  of  possible  error.  This  difficulty  is 
absolutely  avoided  in  the  metric  system.  The  clear  and  expres- 
sive significance  of  the  numerical  terms  stands  in  marked  con- 
trast as  much  superior  to  our  crude  methods.  An  eminent 
opponent  of  the  metric  system  says,  '^  the  English  inch  is  a  rest- 
ing place  for  the  memory."  This  is  probably  true  when  the 
mind  has  been  struggling  with  our  common  fractions,  relics  of 
the  unlettered  age  of  mankind,  the  units  not  being  interconverti- 
ble excepting  by  a  process  of  calculation,  and  as  tlie  incli  is  tlie 
most  familiar  unit.  i)Ut  in  tlie  metric  system  every  unit  is  a 
resting  place  for  the  memory,  as  ordinarily  no  interconversion 
is  needed.  The  terms  are  simply  read  off  and  are  clearly  intel- 
ligible to  anyone  familiar  with  the  numerical  series  of  our  stand- 
ard notation.  One  knows  that  each  term  on  the  descending 
scale  has  one  tenth  the  value  of  that  preceding  it. 


IT. 

No  matter  what  system  may  be  used,  any  given  industry  or 
trade  will  employ  only  those  units  of  measurement  which  are 
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by  a  small  fraction  of  the  population  engaged  in  special  trades. 
Among  those  omitted  are  the  chain,  link  and  rod,  which  are 
never  used  except  by  some  engineers  in  surveying  old  boundaries, 
the  foot  having  generally  taken  their  place ;  the  furlong  and  the 
league,  which  are  obsolete;  the  point  and  the  line,  which  are  used 
only  by  printers;  the  fathom,  used  by  sailors;  the  hand,  used  by 
horse  dealei's,  and  the  mil,  used  in  electrical  engineering  work, 
being  a  thousandth  part  of  an  inch:  From  measures  of  surface 
have  been  omitted  square  rod  and  rood,  Avhich  are  obsolete,  and 
the  circular  mil,  used  only  in  electrical  mring  calculations.  In 
measures  of  volume  there  are  omitted  the  cord,  used  in  measures 
of  firewood  only;  the  perch,  used  by  masons;  the  gill,  hogshead 
and  barrel,*  tierce,  etc.,  which  are  practically  obsolete  measures 
of  liquids.  Also  the  pint,  which  is  simply  half  a  quart;  and  the 
peck,  which  is  quarter  of  a  bushel  and  only  used  by  green 
grocers.  The  fluid  drachm  and  fluid  ounce  are  used  only  by 
druggists  for  liquid  measures.  In  the  tables  of  weights  there 
are  omitted  drachms,  quarters,  hundred  weight,  stone,  which  are 
obsolete  measures  in  the  United  States.  The  Troy  and  Apothe- 
caries' Weights  are  omitted,  with  their  pound,  ounce,  penny- 
weights, grains,  scruples  and  drams,  because  Troy  Weight  is 
only  used  in  measuring  silver  and  gold,  and  Apothecaries' 
Weight  only  for  prescriptions.  So  that  the  nineteen  terms  in 
the  above  tables  are  all  that  are  really  needed  by  the  English- 
speaking  races  for  all  commercial  and  manufacturing  purposes. 

*  Barrels  and  hogsheads  are  containing  vessels  like  boxes  and  cans,  and  may 
vary  considerably  in  capacity.  The  measure  of  a  barrel  piven  in  the  books,  31  i 
gallons,  is  not  the  measure  of  the  capacity  of  barrels  as  they  are  now  made. 


III. 

CONVENIENCE   OF   THE   ENGLISH    UNITS. 

Now  as  to  the  relative  dimensions  of  these  units.  The  four 
measures  of  length  arc  familiar  to  tlie  English-speaking  race  the 
world  over,  and  a  mental  conception  is  immediately  formed 
whenever  one  of  them  is  mentioned.  The  yard  is  practically 
obsolete  for  all  purposes  of  linear  measurement  except  in  measur- 
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convenient  for  its  work,  and  will  usually  dispense  with  the 
others.  It  is,  however,  obviously  an  advantage  to  have  all  terms 
of  measurement  used  by  others  readily  convertible  into  the  terms 
or  units  with  which  one  is  familiar  by  reason  of  daily  use.  This 
advantage  is  ^fecured  by  the  metric  system  and  is  not  secured  by 
the  British  system. 

If,  however,  a  fewer  number  of  units  is  considered  an  advan- 
tage to  a  systeni  of  measurements,  then  the  metric  system  will 
easily  stand  fair  comparison  with  the  IJritish  on  that  score.  The 
comparison  as  made  is  most  unfair  to  the  metric  system,  espe- 
cially so  far  as  it  applies  to  the  machine-building  industries, 
because,  in  machine  construction,  dimensions  in  wliole  numbers 
of  inches  are  very  rare,  and  in  fairness  the  fractions  i,  i,  i,  ^, 
•^5  ^  and  .001  inch  should  be  added  to  the  list  of  l>ritish  units 
because  all  these  are  in  common  use  in  macliine  sho])s.  On  the 
other  hand,  .01  millimetre  shouhl  be  added  to  the  list  of  metric 
units  because  it  also  is  used  in  macliine  construction.  When 
these  additions  have  been  made  we  find  that  in  tlie  English  sys- 
tem there  are  nine  different  units  commonly  employed  in  machine 
construction  and  only  two,  or  at  most  three,  in  the  metric 
system. 

In  practice  also,  the  square  incli  and  tlie  cubic  inch  have  often 
to  be  divided  mto  fractional  parts;  much  more  fre(iuently  so 
than  the  square  centimetre  and  the  cubic  centimetre,  because  the 
former  are  much  larger  units. 

"What  we  would  regard  as  a  fair  comparison  therefore^,  would 
show  very  different  results,  but  we  do  not  consider  this  to  be  of 
sufficient  importance  to  warrant  our  makinti:  another  table. 

The  chain  and  the  link  arcj  still  commonly  used  in  all  farm 
survevs,  the  foot  and  the  hundredth  of  t]u)  foot  in  citv  surveys 
and  in  levelling.  These  are  used  bec^ausc^  surveyors  and  engi- 
neers find  the  decimally  divided  unit  much  more  convenient  both 
in  field  work  and  computation. 

III. 

Mental  conceptions  of  the  dinuMisions  of  units  comes  with  ex- 
perience in  the  use  of  any  system,  just  as  one  k'arns  to  think 
in  any  language  with  which  In^  is  familiar.  The  mental  concep- 
tions, however,  are  more  easily  o])tain(»d  and  ]>reserved  with  the 
metric  system  than  with  ours;  as  the  denominations  have  a  uni- 
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ing  cloth  and  yarn.  The  sizes  of  these  units  are  entirely  satis- 
factory, or  at  least  they  are  more  satisfactory  for  practical  pur- 
poses than  the  metric  units.  As  for  square  measures,  the  square 
inch,  square  foot,  square  yard  and  square  mile,  are  entirely  sat- 
isfactory units  and  much  more  satisfactory  than  the  six  units  in 
the  French  metric  system.  The  acre  is  not  a  satisfactory  unit, 
and  in  course  of  time  it  may  be  abolished,  its  place  being  taken 
by  some  even  multiple  of  the  square  foot,  as  already  obtains  in 
city  land  measurements. 

As  to  the  measures  of  volume,  the  cubic  inch,  foot  and  yard 
are  really  all  that  are  necessary  for  a  good  system  of  measure- 
ment, but  the  quarts,  gallons  and  bushels  are  convenient  sizes 
used  in  commerce.  The  three  units  of  weight,  ounce,  pound  and 
ton,  are  entirely  suitable  for  the  ordinary  uses  of  commerce. 
The  grain  is  practically  not  used  except  in  druggists'  prescrip- 
tions. The  objection  to  the  different  kinds  of  English  tons  is 
not  an  objection  to  the  English  system  jt^e;*  se ;  at  any  time  the 
ton  of  2,000  pounds  may  be  made  the  legal  ton  for  buying  and 
selling.  For  chemists'  purposes  the  metric  system  is  in  common 
use  and  is  entirely  satisfactory,  but  for  ordinary  purposes  of 
weights  the  English  system  is  su|X)rior  in  having  a  smaller  num- 
ber of  terms  and  in  the  sizes  of  units  being  more  suitable  for 
commercial  uses. 

The  accurate  or  scientific  measurement  of  the  length  of  a  bar 
or  of  a  land  boundary,  may  be  done  equally  as  well  in  the  metric 
as  in  the  English  system.  So  the  accurate  weigliing  of  a  body 
of  unknown  weight  may  be  done  on  a  chemist's  balance  equally 
as  well  in  one  system  as  in  the  otlier. 

But  such  measurements  and  weit^hin":  form  an  exceedingly 
small  fraction  of  all  the  measurements  and  weighings  done  in 
commerce  and  the  industrial  arts.  The  more  common  measure- 
ment is  to  lay  off  a  given  dimension  which  is  marked  on  a  scale. 
Thus  the  carpenter  witli  his  two-foot  rule  lays  off  on  a  plank  to 
be  cut  the  dimensions  8  feet  long  by  six  inches  wide;  the  iron 
roller  makes  l)ars  1  inch  diameter,  and  cuts  tliem  off  16  or  20 
feet  long.  The  machinist  measures  the  bar  to  find  out  whether 
it  is  1  incli  or  the  next  size  snuiller,  {f  of  an  inch ;  lie  cuts  oflf  a 
piece  of  definite  length,  and  turns  it  to  a  definite  diameter  which 
he  sets  on  his  calipers.  Tlie  cloth  manufacturer  sets  his  loom  to 
produce  cloth  36  inches  wide,  and  lie  cuts  it  oflf  a  given  number 
of  yards  in  length.     The  grocer  does  not  weigh  to  find  how 
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form  relation  to  eacli  other  and  are  expressed  in  numerical  order. 
The  difficulty  of  acquiring  the  mental  conception  referred  to  is 
frequently  commented  upon  by  those  who  have  been  accustomed 
to  metric  measurements  and  are  unfamiliar  with  the  British  sys- 
tem,. The  complexity  of  the  latter  as  compared  to  tlie  simple, 
expressive  metrology  of  the  former  is  one  of  tlie  reasons  why 
the  eminent  physicist,  Lord  Kelvin,  lias  characterized  the  British 
system  as  "  a  brain  wearying,  intellect  destroying  system. "  For 
the  respective  convenience  of  the  two  systems  see  pages  522  to 
528  of  the  accompanying  discussion  from  those  who  have  used 
both  systems,  particularly  the  testimony  of  Sir  Benjamin  Baker, 
at  bottom  of  page  525. 
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many  pounds,  ounces  and  grains  there  are  in  a  certain  bulk  of 
sugar,  but  he  weighs  out  so  many  pounds.  The  druggist  weighs 
out  so  many  ounces,  or  a  half,  quarter,  or  eighth  ounce.  For  all 
such  measurements  and  weighings,  which  constitute  probably 
nine- tenths  of  all  the  measurements  and  weighings  in  the  world, 
the  English  units  are  superior  to  the  metric  units,  and  the  binary 
system  of  sub-division  is  superior  to  the  decimal.  The  foot  and 
inch  are  more  convenient  than  the  metre  and  its  decimal  sub- 
divisions, and  the  binary  system  of  division  is  so  necessary  for 
the  needs  of  the  common  people  that  it  is  quite  commonly  used 
in  metric  countries. 

If  a  man  wants  to  divide  a  metre  into  any  other  binary  divi- 
sion than  halves,  quarters  and  eighths,  he  cannot  do  it  on  a 
metre  scale  without  sjJitting  a  millimetre  and  making  an  ap- 
proximate measurement,  while  on  an  English  scale  he  can  divide 
a  foot  into  thirds,  sixths,  twelfths  and  twenty-fourths,  as  well 
as  into  binary  divisions  as  far  as  64ths  (if  the  scale  reads  to  -^^  of 
an  inch),  and  he  can  divide  an  inch  on  a  machinist's  steel  scale 
as  far  as  ^  of  an  inch. 


IV. 

THE   ENOLISH-SPEAKINO    PEOPLE    THINK   IN   THE    ENGLISH    SYSTEM. 

A  serious  objection,  in  our  opinion,  to  the  introduction  of  the 
metric  system  is  that  all  the  English-speaking  race  think  in  the 
English  system.  The  attempt  to  make  these  people  do  their 
tliinking  in  the  metric  system  would  be  the  work  of  at  least  two 
generations,  during  which  time  there  would  be  endless  confusion 
and  an  enormous  waste  of  mental  effort  in  trying  to  keep  the  two 
systems  side  by  side.  Ml  the  literature  in  mechanical  science 
and  engineering  in  the  English  language,  which  has  accumulated 
in  the  past  one  hundred  years,  .would  be  practically  unreadable 
until  translated  into  the  new  system,  if  people  are  compelled  to 
do  their  thinking  in  the  metric  system.  In  the  expressed  opin- 
ion of  business  men  of  great  experience  in  manufactures  it  would 
retard  the  development  of  the  manufactures  of  the  United  States 
at  least  twenty-five  years,  and  be  practically  at  the  cost  to  the 
country  of  their  present  prestige.  Let  anyone  take  one  of  the 
engineers'  pocket-books  and  attempt  to  re- write  a  few  pages  of 
it,  especially  those  involving  formulae,  such  as  the  formulas  for 
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IV. 

There  is  no  foundation  for  tlie  assertion  that  it  would  take  at 
least  two  generations  for  the  English-speaking  race  to  learn  to 
think  in  the  metric  systeni.  It  was  accomplished  in  Germany 
within  a  few  years,  and  we  have  many  illustrations  of  a  similar 
character;  for  example,  our  own  change  of  currency,  the  change 
to  a  decimal  currency  in  Canada,  which  was  made  with  haidly 
a  ripple  of  disturbance.  The  {)rinters  have  changed  their  entire 
system  of  type  measurements  without  confusion,  and  other  in- 
stances could  be  cited.  The  mere  fact  that  the  use  of  ancient 
terms  and  units  continues  in  certain  industries,  or  in  communi- 
ties isolated  in  thought  and  liabit  from  the  major  ranks  of 
society,  carries  no  more  weight  tlian  does  the  fact  that  we  still 
retain  Roman  numerals  on  our  watch  faces,  etc. 

A  large  number  of  the  articles  (^numerated  would  require  no 
immediate  change  other  than  that  of  name,  until  such  time  as 
they  may  be  superseded  l)y  new  tools  or  articles  of  the  desired 
absolute  dimensions.     Old  tools  and  appliances  are  continually 
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flow  of  water  and  flow  of  steam,  expressing  all  the  units  in  tbe 
French  system,  and  then  show  the  result  to  a  friend,  and  ask 
him  to  form  the  mental  conception  of  the  dimensions  therein  ex- 
pressed, and  he  will  get  a  realization  of  the  enormous  amount  of 
effort  needed  to  change  llie  reference  books  into  the  French 
metric  measures,  and  the  still  greater  effort  to  comprehend  them 
after  they  are  so  changed.  (See  "  A  Big  Job  for  a  Literary  En- 
gineer"— ^Appendix  IX.,  page  691). 

A  recent  writer  on  this  subject  mentions  a  man  whose  height 
is  1.87  metres  in  his  stocking  feet,  who  has  a  girth  Around  the 
chest  of  1.18  metres,  and  weighs  90  kilograms.  Do  these  figures 
convey  any  conception  of  the  size  and  proportion  of  this  man  to 
the  readers  of  this  statement  ? 


THE    ENGLISH    SYSTEM    IN    THE    MACHINE    SHOP. 

The  whole  literature  of  mechanical  science  and  industrial  art 
in  the  English  language  contains  the  inch  as  the  basis  of  measure- 
ment of  length,  surface  and  volume.  Also  in  Great  Britain  and 
the  United  States,  for  all  ordinary  purposes,*  there  are  based  on 
the  English  inch : 

All  rules,  tables  and  formula?  used  in  calculations  involving 
measures  of  length.  All  drawings  of  manufactured  articles. 
All  measuring  scales  and  measuring  tools,  calipers,  verniers,  etc. 
All  drills,  taps,  reamers,  screw-threads,  boring  bars,  milling  cut- 
ters, mandrels,  standard  plugs  and  rings,  and  shop  tools,  gauges, 
templets,  etc.,  that  are  based  on  this  standard  unit.  All  machine 
tools,  leading  screws  of  lathes,  and  feed  and  elevating  screws  of 
milling  machines,  planer  heads,  etc.  All  graduated  heads  of 
feeding  screws.  All  interchangeable  parts  of  the  things  made 
in  machine  shops,  which  things  are  distributed  all  over  the 
world.     All  gear  wheels,  gear  cutters  and  gear  patterns.     All 


*  We  may  except  from  this  statement  watch  tool  and  optical  instrument  shops, 
the  engine  works  of  Willans  &  Ilol)inson  in  England,  and  the  injector  shop  of 
Wm.  Sellers  &  Co.  in  this  country,  but  the  exceptions  to  the  rule  are  as  1  to 
100,000  and  prove  the  rule. 
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being  displaced  by  new,  and  now  more  rapidly  than  at  any  pre- 
vious period. 

The  opposing  argument,  illustrating  the  supposed  difficulties 
involved  in  the  change  of  system,  cites  the  case  of  standard  tubes 
and  tables  for  flow  of  fluids.  In  reply  it  can  be  confidently 
asserted  that  integral  metric  units  can  be  applied  to  both  external 
and  internal  diameters  of  our  standard  tubes,  which  are  at  least 
as  close,  if  not  closer,  to  the  actual  dimensions  than  those  given 
on  our  tables,  and  for  the  flow  of  fluids  our  terms  have  merely 
to  be  translated  to  the  metric  measures. 

This  whole  argument,  it  seems  to  us,  is  largely  a  case  of  imag- 
ined difficulties;  difficulties  which  it  is  almost  universally  de- 
clared by  those  who  have  tried  tlie  metric  system  in  actual  work 
do  not  exist,  or  are  much  less  serious  than  one  who  has  made  no 
trial  of  it  is  apt  to  imagine. 


On  this  point  we  can  do  no  better  than  again  to  refer  to  the 
testimony  of  Sir  Benjamin  Baker  at  page  525.  It  is  evident  that 
he  has  failed  to  discover  the  difficulties  named  or  that  he  has 
found  it  very  easy  to  overcome  them.  See  the  testimony  of  the 
great  engine  builders  at  ]lugl)y,  England,  on  this  point,  at  page 
522  of  the  accompanying  discussion,  also  the  testimony  of  Mr. 
Arthur  Greenwood,  of  the  great  tool  and  general  engineering 
firm  of  Greenwood  &  Batley,  at  page  525  of  accompanying 
discussion. 

Several  years  ago  a  Phildelphia  machinist,  Mr.  A.  Falkenau, 
a  member  of  this  society,  l)uilt  a  gas  engine  from  French  draw- 
ings, on  which  dimensions  wore  given  in  millimetres.  He  pro- 
cured metric  scales  and  gave  them  to  his  workmen,  who  in  a  few 
days  were  entirely  familiar- with  the  measurements  and  followed 
the  dra^vings  without  any  hesitation  or  difficulty.  lie  states 
that  he  expected  difficulti(*s  which  did  not  manifest  th(^mselves. 

The  British  system  is  satisfactory  to  those  who  havr?  boon 
given  no  op]X)rtunity  to  familiarize*  themselves  with  a  Ix^tter. 
Its  use,  like  many  other  ol)j<H^tionable  habits,  has  been  imposed 
upon  us  by  inheritance,  and  it  can  be  eradicated  only  by  an 
effort. 
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pulleys  and  shafting,  hangers,  couplings,  bushings  and  bearings. 
All  merchant  sizes  of  bars  and  plates  of  iron,  steel  and  other 
metals.  All  structural  iron  shapes.  All  merchant  sizes  of  pipe, 
pipe  flanges,  pipe  fittings,  valves,  and  the  screw-threads  of  the 
same.  All  bolts,  nuts,  rivets,  keys.  Locomotives,  cars,  rail- 
roads and  their  appurtenances,  all  marine  and  stationary  engines, 
all  ships.  All  parts  kept  in  stock  for  repair  or  replacement  of 
these  things. 

As  to  the  number  of  these  things  in  use  throughout  the  world, 
produced  by  the  shops  of  the  United  States  and  Great  Britain, 
they  are  more  than  the  similar  things  produced  based  on  all  other 
systems  of  measurement  in  all  the  rest  of  the  world  combined. 
As  to  the  number  of  people  engaged  in  making  these  things  in 
the  United  States  and  Great  Britain,  they  are  more  than  the 
number  of  people  engaged  in  making  similar  things  in  all  the 
rest  of  the  world  combined.  As  to  the  number  of  people  using 
these  things  throughout  the  world,  they  comprise  more,  also, 
than  those  who  use  similar  things  based  on  all  other  systems  of 
measurement  combined. 

Every  Anglo-Saxon  mechanic  and  draftsman  in  the  United 
States  and  Great  Britain  (in  watch  and  optical  instrument  fac- 
tories possibly  excepted)  thinJcs  in  the  English  system  of  measure- 
ment. The  common  people  in  these  countries  universally  think 
in  that  system.  To  the  English-speaking  mechanic  the  English 
system  is  a  perfectly  satisfactory  one.  Every  technical  paper 
and  book  he  reads  or  refers  to  uses  that  system.  For  him  to 
change  from  one  system  to  another  would  be  worse  than  for  him 
to  learn  a  new  shop  language.  He  might  with  much  effort  learn 
a  thousand  new  words,  and  accustom  himself  to  use  them  instead 
of  their  English  equivalents,  but  in  his  use  of  the  metric  system 
he  would  have  to  compute  either  mentally  or  on  paper  every 
time  he  had  to  compare  a  measurement  in  English  with  one  in 
the  French  system,  or  vice  versa.  If  he  were  given  a  metric 
measurement  he  would  have  to  translate  it  into  English  to  get 
a  clear  mental  conception  of  it.  If  the  metric  system  were 
adopted  in  this  country,  the  next  two  generations  of  mechanics 
woiUd  have  to  learn  both  systems,  and  to  think  in  both. 

Mr.  Coleman  Sellers  in  1880  {Transactions ,  A.  S.  M.  E.,  vol.  i.) 
said:  *'  The  (metric)  system  per  se  is  not  as  well  adapted  to  the 
wants  of  machinists  as  the  one  now  in  use.  ...  Its  enforced 
introduction  will  do  harm  in  place  of  doing  good. 
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We  respectfully  submit  that  a  ])ractical  trial  is  the  only  w.ay 
by  which  reliable  evidence  in  such  matters  can  be  secured.  The 
people  to  whose  evidence  we  refer  have  made  such  trials,  and 
therefore  know  what  they  are  talking  about.  They  could  have 
no  possible  object  in  misrepresenting  the  facts  as  they  have  found 
them,  nor  in  deceiving  others  in  regard  to  them,  even  if  they 
were  men  who  were  capable  of  consciously  doing  such  a  thing. 
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"  After  nearly  20  years  of  constant  use  of  the  metric  system, 
I  record  my  opposition  to  any  enforcing  legislation  in  this  direc- 
tion." "The  resting  place  for  memory  in  the  American  sys- 
tem of  shop  sizes  is  the  inch." 

"  One  of  our  tool-room  keepers  reports  the  names  of  129  arti- 
cles or  sets  of  articles  used  in  producing  one  size — ^viz.,  IJ 
inch.  .  .  .  Drills,  reamers,  gauges,  boring  bars  and  cutters, 
taps  of  all  kinds  for  all  sorts  of  uses,  hardened  mandrels,  these 
pieces  costing  many  hundreds  of  dollars  for  one  size  only.  They 
tally  with  and  belong  to  the  dimensions  marked  IJ  inch  in  many 
thousand  places  on  drawings  which  have  been  accumulating  for 
years,  to  patterns,  to  gear  wheels,  interchangeable  over  a  con- 
tinent, and  to  the  output  of  our  factor}^  for  years.  The  question 
is  not  shall  we  change  from  the  English  to  the  metric  system, 
but  shall  we  attempt  to  have  two  systems  side  by  side,  with  the 
resulting  confusion?  " 


VI. 


THE    VALUE    OF    OUR    ENGLISH    STANDARDS. 

Mr.  F.  A.  Halsey  (page  38  of  his  recent  i)aper)  says:  "The 
abandonment  of  the  inch  will  involve  the  destruction  of  our  ex- 
isting standards.  .  .  .  The  chief  value  of  a  standard  lies  in  the 
fact  that  it  is  adoi)ted,  that  it  has  become  part  of  our  daily 
lives.  .  .  .  Because  the  threads  are  standardizeil,  pipe  fittings 
can  be  made  by  the  million,  at  trifling  cost,  and  that  when  we 
need  a  fitting  we  can  buy  it  for  a  few  cents  with  the  assurance 
that  it  will  fit  instead  of  having  to  get  it  cut  to  order  to  suit  an 
odd  size  of  thread. "  (See  also  Appendix  No.  12,  p.  699,  answer  to 
question  9  by  the  Cincinnati  manufacturers,  American  Machinist^ 
November  27,  1902). 
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VII. 

THE    SIMPLICITY   OF   THE    ENGLISH    SYSTEM. 

The  fundamental  and  universal  units  in  the  system  are: 

Length.  Surface. ,  Volume.  Weight. 

inch  sq.  inch  cu.  inch  grain 

foot  sq.  foot  cu.  foot  ounce 

yard  sq.  yard  cu.  yard  pound 

mile  sq.  mile  ton     (2,240  lbs.) 

These  are  all  the  units  that  need  be  used  in  computations  by  the 
mechanic  and  engineer,  fifteen  in  all. 

The  number  of  these  units  may  easily  be  reduced,  for  me- 
chanics and  engineers  scarcely  ever  use  the  yard  or  the  square 
yard.  The  cubic  yard  is  used  as  a  measure  of  earth  and  rock, 
by  old  usage,  but  a  new  unit  of  100  cubic  feet  might  with  advan- 
tage be  substituted  for  it.  So  also  the  ounce  and  grain  might 
be  abandoned  and  decimal  sub-divisions  of  a  pound  used  instead. 

The  mechanic  and  engineer  would  then  have  only  nine  funda- 
mental units  to  memorize — viz.,  inchy  footj  mile,  square  mch^ 
square  foot,  cuhic  inch,  cubic  foot,  pound,  ton. 

The  nine  units  form  a  system  superior  in  every  way  to  the 
metric  system.  Any  one  of  them  may  be  used  with  binary  or 
decimal  sub-divisions  as  desired.  The  inch  is  a  more  convenient 
unit  than  the  millimetre  for  the  mechanic  and  the  draftsman. 
The  foot  may  conveniently  be  used  by  the  engineer  for  any  dis- 
tance from  .001  foot  to  several  thousand  feet,  and  the  mile  being 
used  only  for  long  distances  as  on  roads  or  on  the  sea.  The 
square  foot  may  be  used  for  large  as  well  as  for  small  areas  as 
we  speak  of  a  floor  or  land  area  of  20,000  square  feet.  The 
cubic  foot  is  a  most  useful  unit  both  for  solids  and  liquids.  The 
names  of  all  these  units  are  monosyllables,  and  differ  greatly  in 
sound,  while  those  of  the  metric  system  are  mostly  polysyllables, 
many  of  them  similar  in  sound,  and  are  derived  from  Greek  and 
Latin.  A  few  other  units  may  conveniently  be  used  for  certain 
purposes,  such  as  the  mil  (.001  inch)  and  the  circular  mil  for 
electrical  wiring  calculations,  and  the  acre  or  ^J^  of  a  square 
mile,  since  it  is  **  irrevocably  tied  to  the  past  "  in  our  land  sur- 
veys. The  importance  of  retaining  our  existing  measures  of  land 
is  recognized  in  the  bill  now  before  Congress. 
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VII. 

Commenting  upon  the  alleged  simplicity  of  the  British  system, 
our  confreres  again  omit  to  add  the  six  usual  binary  divisions  of 
the  inch,  from  i  to  -^\  inch  inclusive,  which  are  practically  all 
independent  units,  and  in  the  metric  system  are  replaced  by  the 
single  unit,  the  millimetre,  and  its  decimal  division  .01  milli- 
metre. The  mere  assertion  of  superiority  for  these  units  is  far 
from  convincing  to  those  who  do  not  use  them,  or  to  those  who 
have  learned  to  dislike  them. 

The  practically  universal  testimony  of  those  who  have 
used  both  the  metric  and  the  English  systems  is  that  the 
former  is  very  much  the  more  simple  and  convenient  in  every 
way. 

We  prefer  to  take  the  testimony  of  those  whose  opinions  are 
based  upon  actual  experience  with  both  systems  and  who  are 
therefore  in  a  position  to  draw  comparisons  based  upon  actual 
working  knowledge  of  both  systems. 

Again  we  refer  to  such  testimony  at  pages  522  to  528  of  the 
accompanying  discussion. 
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Certain  other  units  will  be  retained,  not  because  they  are  neces- 
sary, but  because  they  are  in  universal  use,  such  as  the  bushel, 
2140.52  cubic,  inches,  and  its  binary  sub-divisions  for  measuring 
grain,  and  the  gallon,  231  cubic  inches,  and  its  binary  sub- 
divisions-for  measuring  liquids. 

There  is  no  reason  for  the  English  system  retaining  the  gallon 
and  the  bushel  except  that  they  are  in  such  common  use.  For 
convenience  of  computation  it  would  bo  well  if  the  gallon  were 
216  cubic  inches,  or  the  cube  of  6  inches,  and  the  bushel  1,728 
cubic  inches,  or  1  cubic  foot. 

The  yard  will  necessarily  be  retained  for  measuring  textile 
fabrics  and  yarns,  because  it  is  in  use  in  the  textile  trades  all 
over  the  world.  Three-quarters  of  all  the  cloth  sold  in  the 
w^orld  is  sold  by  the  yard.  It  is  used  in  the  manufacture  of 
cloth  even  in  France.  The  carat,  a  special  unit  for  weighing 
diamonds  and  other  precious  stones,  equals  3.168  grains,  or  0.205 
gramme,  is  in  universal  use  all  over  the  w^orld,  and  no  useful 
purpose  w^ould  be  served  by  abandoning  it.  Troy  weight, 
ounces,  pennyweights  and  grains  is  used  only  for  weighing  the 
precious  metals,  and  Apothecaries'  weight,  ounces,  drachms, 
scruples  and  gr3.ins  (the  ounce  and  the  grain  being  the  same 
in  both,  and  the  grain  =  y^^  of  an  avoirdupois  pound)  is  used 
by  apothecaries  and  physicians  for  prescriptions  only.  Both 
Troy  weight  and  Apothecaries'  weight  might  be  abandoned. 


VIII. 

SUPERIORITY    OF    TUE    ENGLISH    SYSTEM. 

The  English  system  is  per  se  a  better  system  than  the  French 
in  that  it  has 

1.  A  smaller  number  of  units  (when  the  obsolescent  units  are 
discarded). 

2.  The  dimensions  of  the  units  are  more  convenient  for  most 
purposes  of  measurement. 

8.  The  binaiw  sub-divisions  are  more  convenient  and  more 
quickly  compreliended  by  the  ordinary  mind  than  tlie  decimal 
su])-(livisio!is  of  the  French  system. 

4.  Tlie  names  of  the  units  are  more  easily  memorized. 

5.  The  two  units  of  lengtli,  inch  and  foot,  and  tlie  binary  sub- 
divisions of  the  inch  give  a  clearer  mental  picture  to  the  average 
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Yin. 

This  again  is  a  mere  statement  of  o])inion,  Avliicli  is  b}^  no 
means  borne  out  by  the  testimony  of  those  who  by  reason  of 
experience  are  competent  to  give  reliable  testimony. 
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man  than  the  numerous  units,  with  their  prefixes,  milli,  centi, 
deci,  deca,  hecto,  kilo,  myria,  based  upon  the  metre. 

The  English  system  has  had  centuries  of  use  with  no  tendency 
to  change  tlie  dimensions  of  the  fundamental  units,  inch,  foot, 
yard,  and  pound.  The  English  foot  and  inch  are  fixed  in  exist- 
ing measuring  instruments,  gauges,  tools,  patterns,  machines, 
machine  products,  buildings,  and  fixed  in  the  literature  of  the 
language  for  centuries.  They  are  ''irrevocably  tied  to  the 
past." 

IX. 

INCREASING   USE   OF   THE   ENGLISH    SYSTEM. 

The  people  who  use  the  English  measures  of  length  in  manu- 
facturing are  more  than  those  who  use  the  metric  measures. 
Their  number  is  increasing  more  rapidly.  The  English  race  is 
increasing  in  numbers  and  in  wealth  at  a  greater  rate  than  any 
other  race.  The  Anglo-Saxons  are  the  great  colonizers.  The 
use  of  their  language  is  becoming  more  common  throughout  the 
world,  its  use  is  growing  faster  than  that  of  any  other  language. 
The  English  language  is  more  likely  than  any  other  to  become 
the  universal  language  of  commerce,  the  one  language  which 
every  educated  person  will  have  to  learn.  The  English  system 
of  measurement  is  an  indestructible  part  of  the  language. 


DIFFICULTY    OF   CHANGING    FROM    THE    ENGLISH    TO   THE   METRIC 

SYSTEM. 

"  The  change  of  the  method  of  measuring  lengths  from  the 
foot  and  inch  system  to  the  metric  system  is  utterly  imprac- 
ticable and  visionary.  If  any  body  of  law-makers  such  as  our 
Congress  should  inflict  such  a  burden  upon  the  people  without 
their  consent,  it  would  be  the  greatest  invasion  of  the  liberties 
of  the  people  which  has  ever  been  attempted  by  a  representative 
government." 

"Yes,  first  establish  an  international  money  system,  success- 
fully accomplish  the  reform  in  the  spelling  of  the  English  lan- 
guage, teach  all  the  nations  of  the  earth  to  speak  one  universal 
language,  or  do  any  other  desirable  but  herculean  labor  which 
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IX. 

This  statement  is  not  borne  out  by  the  records.  It  is  quite 
certain  that  the  metric  system  is  fast  gaining  ground,  and  it  is 
universally  believed  by  those  who  have  given  the  matter  impar- 
tial consideration  that  the  metric  system  is  the  only  one  that  has 
the  least  chance  of  ever  becoming  universally  used  by  all  the 
nations  of  the  earth. 


X. 

We  do  not  believe  that  Congress  can  by  law  invade  the  rights 
of  the  people  to  use  any  system  they  may  prefer,  and  do  not 
believe  that  anyone  thinks  of  doing  such  a  thing. 

As  to  the  difficulty  of  making  the  change  we  nmst  again  refer 
to  the  testimony  of  those  who  have  made  the  change  and  who 
say  that  it  is  not  as  dilHcult  as  usually  imagined,  and  that  it 
results  in  no  serious  disturbance  or  expense.  See  again  the  testi- 
mony of  these  people  at  pages  522  to  52.^  of  the  accompanying 
discussion. 

The  '^  transition  period  "  referred  to  as  a  dreaded  anticipation 
is  already  here^  inasmuch  as  the  metric  system  is  now  used  ia 
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finds  its  chief  hindrance  in  the  habits,  traditions  and  prejudices 
of  millions  of  the  human  race,  and  you  may  be  prepared  to 
undertake  such  a  revolution  as  would  be  the  substitution  of  the 
metre  for  the  two-foot  rule."  (Wm.  Kent,  Transactions,  En- 
gineers' Society  of  Western  Pennsylvania,  vol.  i.,  1880). 

In  conclusion,  we  desire  to  express  our  opinion  in  addition  to 
the  arguments  submitted  above,  that  in  view  of  the  testimony 
and  experiences  cited,  the  metric  system  with  all  its  alleged  ad- 
vantages comes  far  short  of  meeting  the  requirements  of  a  practi- 
cal  system  for  universal  adoption:  that  intrinsically  it  is  not  as 
good  as  the  English  system;  and  that  the  exclusive  adoption  of 
it  by  the  English-speaking  race  is  impracticable. 

William  Kent, 
George  M.  Bond. 


APPENDIX  I.* 

Additional  Reply  to  Paragraph  No.  1G  of  the  Pro-Metric  Argument. 

{See  page  04 1.) 

16.  "The  use  of  the  metric  system  would  not  require  the  alteration  of  many 
established  standards,  such  as  bolt  or  pipe  threads,  taper  slianks  of  drills,  etc.*' 

This  statement  requires  some  further  consideration.  In  every  machine  shop 
in  English  speaking  nations  there  are  numerous  tools,  such  as  mandrels,  drills, 
reamers,  etc.,  made  to  standard  sizes  based  upon  binary  divisions  of  the  inch. 
These  are  verified  as  to  size  by  reference  to  standard  plugs,  rings,  gauges,  etc., 
which  are  made  accurate  to  tttotitt  inch  or  less,  and  these,  in  the  special  shops 
in  which  they  are  made  for  the  mark(^t,  are  verified  by  comparators  with  micro- 
scopic measurements.  Those  standard  tools  are  used  in  the  production  of  mil- 
lions of  articles  of  standard  size,  which  are  jntorchangeable  throughout  the 
world.  The  adoption  of  the  prinriplo  of  intorcliangeability  and  duplication 
of  parts  has  been  one  of  the  chief  causes  of  the  present  leading  position  of  Amer- 
ican manufactures  in  the  markets  of  the  world.  The  principle  has  its  founda- 
tion in  standard  gauges  based  on  the  English  inch. 

The  principal  standard  sizes  below  2  inches  are  the  following,  expressed  in 

*  These  appendices  are  contributed  ])y  the  anti-metric  half  of  the  committee.    The  pro- 
metric  reply  to  Appendix  XII.  is  inserted  immediately  under  it. 
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OUT  scientific  work,  and  a  not  inconsiderable  part  of  the  indus- 
trial work  of  both  this  country  and  England.  It  is  more  fre- 
quently used  in  our  technical  literature  than  formerly,  without 
tiie  addition  of  the  corresponding  terms  in  British  units.  These 
facts  indicate  that  we  have  begun  the  adoption  of  the  system. 

James  Christie, 
Fred  J.  Miller. 


inches  and  binary  fractions  and  in  the  nearest  metric  dimensions  to  .01  milli- 
metre : 


in.       mm. 

in.       mm. 

in.       mm. 

T\r=    1.59 

,^6  =  14.29 

IJ  =  28.58 

i  =    3.18 

f  =  15.88 

H  =  31.75 

A=    6.76 

U  =  17.46 

n  =  34.93 

i   =    6.35 

I   =  19.0.> 

n  =  38.10 

ft=    7.94 

■iJ  =  20.  G4 

n  =  41.28 

?   =    9.53 

i   =  22.23 

13  =  44.45 

A  =  11.11 

]i  =  2:J.81 

11  =  47.63 

i  =  12.70 

1   =  25.40 

2    =50.80 

■  No  ordinary  mechanic  can  niemorizr'  this  table.  He  must  continually  ref<T 
to  the  table  to  get  the  approximate  metric  equivalent. s  of  Knj;:Iisli  size.*^,  and  not 
one  of  the  latter  has  an  eciuivalent   in   even  niillim<'tres. 

Our  metric  friends  in  their  rej)ly  to  our  argument,  .^^cu-tion  IV,  p.  ()()7,  say: 
"A  large  number  of  th(?  articles  enumerated  would  require  no  inunediate  change 
other  than  that  of  name,  until  su<'h  time  as  they  are  suj)crsed(Hi  ])y  new  tools 
of  the  desired  absolute  dimensions.  Old  tools  are  continually  hein^  di.splaccd 
by  new,  and  now  more  ra])i(ily  than  a1   any  ])revious  ]>criod." 

"No  immediate  change  other  than  that  of  name."  Then  the  one  hundred 
and  twenty-nine  articles  or  sets  of  articles  used  in  producing  one  size,  viz.,  IJ 
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inch,  in  the  shop  of  Wm.  Sellers  &  Co.,  instead  of  being  named  "  inch-and-a- 
quarter"  would  require  an  immediate  change  of  name  to  "  thirty-one  point 
seventy-five  millimetres,"  or,  say,  "  thirty-two  millimetres"  for  short,  until 
the  one  hundred  and  twenty-nine  articles  "  are  superseded  by  new  tools  of  the 
desired  absolute  dimensions,"  say  30  or  32  millimetres,  as  may  be  decided  upon 
as  being  a  desirable  absolute  dimension. 

"  Old  tools  are  continually  being  displaced  by  new."  Yes,  but  they  are  be- 
ing displaced  by  new  tools  based  upon  the  same  old  unit  of  measurement,  the 
English  inch. 

The  above  statement  of  our  metric  friends  means  that  "  the  adoption  of  the 
metric  system  will  require  two  things: 

1.  An  immediate  change  of  name  of  our  existing  standard  sizes,  naming  them 
by  their  approximate  dimensions  in  millimetres. 

2.  Finally  superseding  our  present  standard  sizes  of  tools  by  new  tools  of 
absolute  dimensions  in  millimetres.  The  first  change  will  simply  introduce 
confusion  and  error  in  cEilling  things  by  wrong  names,  and  the  trouble  of  learn- 
ing the  new  names,  such  as  9.53  millimetres  for  the  old  f  inch. 

The  second  change,  if  it  were  possible  to  accomplish  it,  means  not  only  the 
destruction  of  our  present  standards,  but  the  abandonment  of  our  present  sys- 
tem of  interchangeability  of  parts,  and  the  adoption  of  a  different  one.  The 
change  could  only  be  made  gradually,  if  at  £l11,  and  during  the  transition  period, 
which  would  last  for  at  least  two  generations,  we  would  have  the  "  two  systems 
side  by  side,  with  the  resulting  confusion." 

If  the  metric  system  were  adopted  in  this  country  the  machine  shops  would 
be  compelled  to  have  two  sets  of  standards,  the  first  to  be  used  in  making  ar- 
ticles to  fit  existing  articles,  or  to  fill  orders  in  which  the  dimensions  are  in  the 
old  system ;  the  second  to  be  used  in  filling  orders  to  absolute  metric  dimensions. 
Instead  of  four  reamers,  A,  ^Sf  ^e  ^^^  3 2  inch,  we  would  have  the  nine  following: 
millimetres,  7.94,  8,  9,  9.53,  10,  11,  11.11,  12,  12.70;  thus  there  would  be  two 
metric  reamers  between  -j^-  and  %  inch,  two  between  %  and  -^  inch,  and 
one  between  -|V  ^^^  14  inch. 

The  machinist  now  has  sixteen  sizes  of  mandrel  up  to  1  inch;  he  would 
require  twenty-five  additional  ones,  up  to  25  millimetres,  if  he  used  both  systems. 
But  if  twenty-five  sizes  are  too  many,  how  many  standard  sizes  would  he  use 
between  0  and  25  millimetres?  He  might  use  ten  with  2}^-millimetre  intervals, 
five  with  5-millimetre  intervals,  or  four  with  6^^-millimetre  intervals,  but  with 
four  sizes  three  of  them  would  not  be  in  even  millimetres,  and  with  ten  sizes 
five  of  them  would  not  be  in  even  millimetres,  so  that  seven  fractional  sizes, 
2.5,  6.25,  7.5,  12.5,  17.5,  18.75,  22.5  millimetres,  would  be  needed  in  addition 
to  the  even  millimetre  sizes.  In  the  English  system,  four  sizes  to  the  inch  may 
be  used,  four  more  give  intervals  of  ^i  inch,  and  eight  more  ^V  inch,  and  so  on, 
each  larger  size  being  an  even  multiple  of  a  smaller. 

What  advantage  does  the  metric  system  offer  the  people  of  the  United  States 
to  compensate  them  for  the  abandonment  of  its  standards,  or  for  the  confusion 
resulting  from  having  two  standards  side  by  side? 
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APPENDIX  II. 

Note  on  the  Suggested  Retention  op  English  Standard  Sizes  with  Metric 

Names. 

It  18  propoeed  by  some  of  the  advocates  of  the  metric  system  that  in  order 
to  avoid  the  trouble  and  confusion  consequent  upon  the  abandonment  of  our 
present  machine-shop  standard  sizes,  we  retain  these  sizes  and  call  them  by 
the  names  of  the  nearest  equivalent  dimensions  in  millimetn's. 

Such  a  course  has  not  been  pursued  even  by  those  shops  which  have  adopted 
the  system  either  in  whole  or  in  part.  The  injector  department  of  Wm.  Sellers 
&  Co.,  The  Waltham  Watch  Co.,  Willans  &  Robinson,  and  other  manufac- 
turers whose  use  of  the  metric  system  has  been  cited,  did  not  introduce  it  by 
retaining  old  standard  sizes  and  giving  them  new  names,  but  by  the  abandon- 
ment of  the  English  standards. 

How  is  it  possible  that  the  metric  system  can  be  introduced  into  a  shop  in 
the  way  proposed?  Here  are  a  few  of  the  difficulties:  A  standard  gear-wheel 
sixe  is  six  diametral  pitch,  meaning  six  teeth  to  each  inch  of  diameter.  Will 
any  one  give  it  a  new  name  and  say  six  teeth  per  25.4  millimetres  or  twenty- 
four  teeth  per  101.6  millimetres? 

A  IJ^-inch  bolt  has  seven  threads  to  an  inch.  Shall  we  call  it  a  31.75-milli- 
metre bolt  and  say  it  has  seven  threads  to  each  25.4  millinu^tres,  or  shaill  we 
call  it  a  32-millimetre  bolt,  scant,  and  say  its  pitch  is  3.G3  millimetres  nearly? 

Here  is  a  comparison  of  standard  sizes  of  water  pipe,  as  taken  from  a  French 
and  an  American  reference  book.  An  inspection  of  it  shows  that  the  American 
list  Lb  superior  as  a  commercial  standard,  for  it  has  fewer  sizes  and  there  is  a 
conformity  in  the  difference  between  sizes,  which  the  Fn»neh  list  lacks.  Shall 
we  call  a  12-inch  pipe  a  30-mm.  pipe,  or  a  30>^-mm.  (12  inches  =  30.48  millimetres), 
and  shall  we  figure  its  di.scharcce  by  French  rules  and  get  the  result  in  cubic 
metres,  or  shall  we  take  its  discharge  in  cubic  feet  from  American  tables  and 
translate  the  result  into  cubic  metres?  A  short  sample  of  the  French  and  Amer- 
ican tables  is  given  to  show  some  of  the  figures  that  would  have  to  be  handled 
in  the  metric  system: 

Standard  Nominal  Sizes  of  French  and  AmeHcan  IVater  Pipe  Compared, 


American 

Amkhican 

11S>'wHr<i>    fitw>a 

g[jr|r>t 

-  Fhen(  II 
DifT. 

SiZEf*. 

In.  approx. 

-,        SiZKH. 

InohcB. 

M. 

Dili.         In 

.  approx. 

IncheH. 

M. 

0.05 

... 

1.97 

2 

0.24 

0.02 

9.45 

.06 

.01 

2.36 

24 

.25 

.01 

9. 84 

10 

.07 

.01 

2.76 

3 

.28 

.03 

11.02 

11 

.08 

.01 

3.15 

.30 

.02 

11.81 

12 

.09 

.01 

3.54 

.32 

.02 

12.60 

13 

.10 

.01 

3.94 

4 

.35 

.03 

13.78 

14 

.11 

.01 

4.83 

.38 

.03 

14.96 

15 

.12 

.01 

4.72 

5 

.40 

.02 

15.75 

16 

.14 

.02 

5.51 

.42 

.02 

10.54 

.16 

.01 

5.91 

6 

.45 

.03 

17.72 

18 

.16 

.01 

6.30 

.48 

.03 

18.90 

.18 

.02 

7.09 

7 

.50 

.02 

19.69 

20 

.20 

.02 

7.87 

8 

.55 

.05 

21.65 

22 

J» 

.02 

8.66 

9 

.60 

.06 

23.62 

24 

1.05 

l.lOetc 

1.90 

199.05  etc 

0.0033 

0.0036  etc. 
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Discharge  of  Water  Through  Pipes. 

{From  French  Table.) 

Diameter  of  the*  pipe*  0  in    .05 

Section      '*    **       "    0  m»  .(K)19(>35 

Mean  velw'ities,  metres  per  8<H-ond  0.005  0.01  0.02  etc. 

I>ischarge,  litres  p<T  second 0.0098  0.019         0.039  etc 

Charge  per  metre  in  length m.  0.0000076      0.0000166  etc. 

Diameter  of  the  pipe  0  m.    50 
Section     '*    "       "    0  m\  196.35 
Mean  velocities,  metres  per  second       1 

Discharge,  litres  per  second 180.95 

Charge  per  metre  of  length m.  0.0030 

(From  American  Tables.) 

Flow  for  a  Uniform  Velocity  of  100  Feet  per  Minute. 

Diameter.  Area  in  Flow  in  Cubic  Flow  in  Gallons  Flow  In  Gallons 

Inches.  Square  Feet.       Feet  per  Minate.  pcrMinat«.  per  Uonr. 

2       0.2182       2.182         16.32         .979 

20       2.182      218.2         1632.         97.920 

Given  the  diameter  of  a  pipe  in  inches  to  find  the  quantity  in  gallons  it  will 
deliver  at  a  velocity  of  100  feet  per  minute.  Square  the  diameter  and  multiply 
by  4.08. 

Given  the  diameter  of  a  pipe  or  cylinder  in  inches  to  find  its  contents  per 
inch  of  length  in  U.  S.  gallons.   Square  the  diami'ter  and  multiply  by  0.0034. 
Comparison  of  English   and  Metric  Measures. 
Inche.s. 
9         y        M        y         1        1^       \l<       IV        2 2K J SH j 

0       5       iS  iiO  30  40  50  CO  TO  80  S  iSo" 

CvmwtitUt 

Millimetre.s. 

Fig.  116. 

Comparison  of  Enolish  and  Fuenco  Pipc  Sizes,  Cast  Iron. 

Inches. 

^ 2H 8 8K 4 J J 

S0"m        60  TO      S      80  90  100  110  S        S?  iSs  S" 

CommiUtm 

Millimetres. 

Fig.  117. 


APPENDIX  III. 

CoNCERNiNO  THE  Chanqe  IN  MEASUREMENT  OF  Type.      (See  Sec.  IV,  p.  667.) 

The  change  made  by  the  printers  was  not  from  a  standard  baaed  upon  the 
English  inch  to  one  based  on  another  system,  but  was  a  change  from  an  uneci- 
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entific  to  a  scientific  measurement  and  nomenclature  based  upon  the  Kni^Iish 
inch.  The  point  was  defined  as  t!ie  72d  part  of  an  inch,  instead  of  InMni^  e(|ual 
to  the  old  French  p»int.  which  was  equal  to  about  1  y^  American  points, 
and  the  several  sizes  of  type  w  r^  named  6-point,  7-point,  8-point,  etc.,  instead 
of  their  former  names,  nonpareil,  minion,  brevier,  etc.  So  jjn^at  is  the  fonv 
of  custom,  however,  that  t^*enty  years  after  the  adoption  by  the  type  fountlers 
of  the  new  system  the  old  names  still  survive  in  the  trade,  and  often  create  sonie 
trouble  in  printing  offices. 

APPENDIX  IV. 

Use  of  the  Metric  System  by  Electrical  Engineers. 

Electrical  engineers  are  said  to  be  larg(»ly  using  the  metric  s^'stem.  Tliey 
are  in  fact  using  a  mongrel  s^-stem,  comprising  the  (\  G.  S.,  or  absolute  system, 
the  metric  system  with  the  centimetre  instead  of  the  millimetn^  as  the  unit, 
English  feet,  inches  and  square  inches,  and  several  diffen'iit  wire  gauges.  In 
a  pamphlet  on  dynamo  design  recently  published  nrv.  found  the  following: 
Lengths,  thickness,  etc.,  34.9,  20.85,  0.05,  0.706  and  1.16  ciMitimetn^s. 
Speeds,  1,300  and  1,735  centimetres  per  second,  3,500  fwt   por  minut(% 

50  feet  per  second. 
Areas,   3,242   square    centimetres,    2.2  watts    per   s(|uare    inch    (=0.341 

watts  per  square  centimetre),  600  circular  mils  pt^r  amix're. 
Volume,  3,880  cubic  centimetres. 
Resistance  of  1  ceaitimetre  of  No.  6  B.  W.  G. 
Lines  of  force,  7,800  per  square  ceiitiinetrt\ 
This  is  a  sample  of  thcr  confusion  that  has  aln»ady  h'suH^mI  from  the  intro- 
duction of  the  metric  svsteni  into  Englisli  literature  on  electrical  engineering. 
Before  a  dynamo  can  be  built  in  any  ordinary  American  machines  shop  the  met- 
ric sizes  have  to  be  translated,  thus:     1,735  centimetres  =  5().9  feet;  34.9  c<'n- 
timetres  =   13.75  inches;  0.05  centimetres  =  0.02  inches;   3,242  s<juan»  centi- 
metres =  502.5  square  inches;  3,880  cubic  centimetres  =  236.7  cubic  inches. 


APPENDIX  V. 

(Extracts  from  the  Report  of  John  Quincy  Adams  to  (.'o.vcjhkss,   IS21.) 

"The  French  metrology,  in  the  ard<'nt  and  exclusive  search  for  an  univ^Tsal 
standard  from  nature,  seems  to  hav("  vic'wed  the  subject  too  much  willi  n-f- 
erence  to  the  nature  of  things,  and  not  enough  to  the  nature  of  man.  Km  au- 
thors do  not  appear  to  have  considered,  in  all  the  bearings  of  the  .sysh'ni,  i\w. 
proportions  dictat<'d  by  nature  between  the  |)hysieal  organization  of  man,  and 
the  unit  of  his  weights  and  measures.  Tlie  standard  taken  from  the  admeas- 
urement of  the  earth  liad  no  n-fen'rice  to  the  admeasurement  and  powers  of 
the  human  bwly.  The  metre  is  a  rod  <)\'  forty  inches;  and  by  applying  to  it 
exclusively  the  principle  of  de -imal  di\i-ion«^.  no  measiire  erjrrespondinjr  to  the 
ancient  foot  was  provided.  A  unit  of  that  denominatir)n,  tfiou^h  of  siitrhtly 
varied  differences  of  length,  wa.s  in  universal  us/*  among  all  civilized  natiorm: 
and  the  want  of  it  is  founded  in  the  dimension.^  of  the  human  body.''  (Page  70.) 
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"  It  appears  also  not  to  have  been  considered,  that  decimxil  arithmetic,  although 
affording  great  facilities  for  the  computation  of  numbers,  is  not  equally  well 
suited  for  the  di^ision  of  material  substances.  A  glance  of  the  eye  is  sufficient 
to  divide  material  substances  into  successive  halves,  fourths,  eighths  and  six- 
teenths. A  slight  attention  will  give  thirds,  sixths  and  twelfths.  But  divisions 
of  fifth  and  tenth  parts  are  among  the  most  difficult  that  can  be  performed 
without  the  aid  of  calculation.  Among  all  its  conveniences,  the  decimal  sys- 
tem has  the  great  disadvantage  of  being  itself  di\dsible  only  by  the  numbers 
two  and  five.  The  duodecimal  division,  divisible  by  two,  three,  four  and  six, 
would  offer  so  many  advantages  over  it,  that  while  the  French  theory  was  in 
contemplation,  the  question  was  discussed,  whether  the  reformation  of  weights 
and  measures  should  not  be  extended  to  the  system  of  arithmetic  itself,  and 
whether  the  number  twelve  should  not  be  substituted  for  ten,  as  the  term  of 
the  periodical  return  of  the  unit."     (Page  71.) 

"  The  advantages  of  the  English  system  might,  however,  be  with  ease  adapted 
to  that  of  France,  but  for  the  exclusive  application  in  the  latter  of  the  decimal 
arithmetic  to  all  its  multiples  and  subdivisions.  The  decimal  numbers,  ap- 
plied to  the  French  weights  and  measures,  form  one  of  its  highest  theoretic 
excellencies.  It  has,  however,  been  proved  by  the  most  decisive  experience 
in  France,  that  they  are  not  adequate  to  the  wants  of  man  in  society:  and, 
for  all  the  purposes  of  retail  trade,  they  have  been  formailly  abandoned.  The 
convenience  of  decimal  arithmetic  is  in  its  nature  merely  a  convenience  of  cal- 
culation: it  belongs  essentially  to  the  keeping  of  accounts;  but  b  merely  an 
incident  to  the  transactions  of  trade."     (Page  81.) 

"From  the  verdict  of  experience,  therefore,  it  is  doubtful  whether  the  ad- 
vantage to  be  obtained  by  any  attempt  to  apply  decimal  arithmetic  to  weights 
and  measures  would  ever  compensate  for  the  increase  of  diversity  which  is  the 
unavoidable  consequence  of  change.  Decimal  arithmetic  is  a  contrivance  of 
man  for  computing  numbers  and  not  a  property  of  time,  space  or  matter. 
Nature  has  no  partialities  for  the  number  ten ;  and  the  attempt  to  shackle  her 
freedom  with  them  will  forever  prove  abortive.* '     (Page  85.) 


APPENDIX  VI. 

From  Editorial  in  the  "  N.  Y.  Times,"  March  3,  1902. 

"The  unauccoss  which  has  attended  the  efforts  to  popularize  the  metric  sys- 
tem in  Great  Britain  and  the  United  States  continues  to  be  for  its  advocates 
a  perennial  source  of  surprise  and  regret.  Its  advantages  have  been  explained 
so  oft-en  and  so  fully  that  nothing  remains  to  be  said  in  favor  of  it ;  but  the  fact 
remains  that  it  does  not  interest  either  the  English  or  the  American  Nation. 
They  will  work  to  metric  scales,  gauges,  and  templets  when  they  have  to,  but 
for  some  reason  which  it  would  be  difficult  to  explain  satisfactorily  to  the  ad- 
vocates of  the  metric  system,  the  Anglo-Saxon  mind  does  not  adapt  itself  to 
the  decimal  progression  in  measurements  of  dimensions.  Those  brought  up 
on  the  units  of  the  inch,  the  foot  and  the  yard  admittedly  find  them  more  con- 
venient in  mental  calculations  than  the  centimetre,  decimetre,  and  metre  ever 
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become.  The  convenient  folding  of  the  two-foot  rule  Into  halves  and  quarters 
of  the  fiKit  is  a  natural  procesa  of  subdivision  of  the  unit  which  is  impossible 
with  one  subclUitkd  into  k^nths.  The  conj^tantly  cited  illustratitm  of  our  coin- 
ago  as  sliowiiig  that  wf  take  naturally  to  the  metric  system  in  subdi 'hiding  otir 
measure  of  valnes.  is  not  convincing.  The  dollar  is  a  comprehensible  unit, 
but  wliile  we  divide  it  into  tenths  and  liundredths  in  calculation,  we  nmeh  more 
naturally  thiak  of  it«  subdivision  into  halves  and  quart^^rs,  and  but  for  the  in- 
trusion of  these  coins  into  what  would  otherwise  be  ft  strictly  metric  subdivi- 
sion of  the  dfillar  our  subsidiary  coinaite  would  be  very  much  leas  corivcnient 
and  acceptitble  thfui  \a^  find  it*  The  twenty-cent  piece  wiis  a  failure.  Its  coin- 
age was  a  concession  to  the  advocates  of  the  metric  system;  ita  withdrawal 
was  nect^ssitatcd  by  the  fact  that  all  classes  of  our  fM^ojile  pn'ferrcd  the  quarter 
doUar,  and  the  tw^o  coins  could  not  circulate  together  Tvithout  creating  endless 
confusion." 

APPENDIX  Vn. 

Action  Takbk  bt  thu  NATrofrAi*  AssociATrON  of  MAmrpACTtraBRs  Toiouoe 
Their  Comihitteb  on  Resolutions,  at  the  Annual  Meetino 

HMU)      tS      iNnlAXAPOLlS,      AuGUST,       1902. 

**It  appears  to  the  association^  firsts  that  the  compulsory  adoption  of  the 
metric  S3^stcm  w^ould  probably  affect  the  manufm'turing  interests  of  thitt  country 
BS  follows:  One-third  who  are  exporters  to  European  countries  and  dt^penrlen- 
cies  would  be  benefitted;  one-third  w^ho  do  business  in  this  country'  antl  all  other 
countries  would  neither  (je  benefitted  nor  greatly  injured;  one-third  who  do 
business  in  this  country  and  in  England  and  dependencies,  would  f>e  scriouaiy 
injured.     For  all  this  the  expense  and  inconvenience  would  be  very  great, 

*'  In  view  of  these  conditions  and  of  the  further  fact  that  the  metric  system 
m  already  Icgali^d  for  the  use  of  those  who  find  it  profitable,  this  association 
recommends  that  no  further  action  be  taken  on  this  matter  at  this  time/' 

COMJMBNTEn  ON  BY  TUE  EOITORlAL  IN  THE  *'  NKW  YORK  TlMtLS,"  OF  APIUL  25,  1902, 

AS  i!x:>LLowa; 

"This  may  be  briefly  supplemented  by  aaying  that  those  who  find  the  metric 
sj'stem  con^'cnient  in  forc^ign  business  relations  use  it  now;  that  those  who  din* 
cover  any  advantage  in  using  it  are  perfectly  at  liberty  to  do  so,  and  that  tliose 
who  do  not  want  to  use  it  for  any  and  all  of  the  countless  good  reasons  which  have 
bcM>n  urgi?d  against  it  by  representative  manufacturers  and  engineers  should 
not  be  required  to,  at  incalculable  cost  and  inconvenience.  Congress  shouM 
let  this  matter  alone.  If  the  metric  system  has  the  advantages  claimed  for  it, 
the  increaaiiig  use  of  it  by  the  Amerieaa  people  will  render  legislation  unneees- 

FKOM     THE    BEPORT    OF    COMMITTEF^    ON     WEIGHTS    AND    HEASCmES,    NATIONAL 
ASSOCIATION    OP   MANUFACTUKERB,    AFKlh   9,    1903» 

To  THE  National  Association  of  MANtrFAcnmKRs; 

In  accordance  with  insttructionst  >^our  (\>inmittee  on  Weights  and  Measures  has 
submitted  to  the  mcmbei^  of  the  Association  a  series  of  questions  with  a  view  to 
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ascertaining  their  views  regardinpj  the  general  advisability  of  the  adoption  of  the 
metric  system  by  this  country,  and  specifically  regarding  the  desirability  of  the 
passage  of  the  bill  reported  to  the  last  Congress  by  the  House  Committee  on  Coin- 
age, Weights  and  Measures,  and  we  submit  as  our  report  the  following  summary 
of  the  replies : 

The  total  number  of  replies  received  was  264.  In  some  cases  some  of  the  ques- 
tions were  passed  over  without  reply  and  in  others  the  answers  to  some  of  the 
questions  were  too  uncertain  in  tone  to  permit  their  being  treated  as  categorical 
answers.  We  have  in  the  following  summarized  the  answers  to  the  best  of  our 
ability  and  have  endeavored  to  show  by  examples  how  some  of  the  less  clear 
answers  have  been  treated  in  the  classification.  No  interpretation  of  these  votes 
would  materially  change  the  result. 

Question  No.  1. — Would  the  adoption  of  the  metric  sj'stem  tend  to  increase 
foreign  business  in  the  line  you  represent? 

The  answers  to  this  question  are  as  follows : 

Yes 60 

No 175 

Non-ccmmittal 12 

Question  No.  2. — Would  the  adoption  of  the  metric  system  be  beneficial  to 
domestic  business  in  the  line  in  which  you  are  engaged? 
The  answers  to  this  question  are  as  follows: 

Yes 34 

No 206 

Non-committal 4 

Question  No.  3. — Would  tlio  adoption  of  the  metric  system  by  our  govern- 
ment, for  any  or  all  of  its  dcpartnionts,  including  customs  houses,  arsenals,  navy 
yards  and  public  works,  he  (ictriiijental  to  your  business?  ' 

The  answers  to  this  question  are  as  follows: 

Yes 98 

No 137 

Non-committal 2 

The  answers  to  this  question  must  of  course  be  viewed  in  tlie  light  of  the  fact 
that  many  manufacturers  do  no  business  with  the  Government,  and  all  such 
would  necessarily  answer  no. 

Question  No.  4. — Would  it  induce  tlio  adoption  of  the  metric  system  by 
manufacturers  and  others  in  private  transactions? 
The  answers  to  this  (juestion  are  a«  follows: 

Yes 109 

No 100 

Non-coininittal 26 

QuKSTioN  No.  5.-11'  our  export  business  should  largely  increases  with  coun- 
tries usinj^  the  metric  system — 

(//)  Would  such  increiis(Hl  business  lead  them  to  accept  our  English  measure- 
ments with  less  objection  than  hitherto;   or, 

(6)  Would  it  lead  to  the  introduction  of  the  metric  system  by  this  country 
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under  the  operation  of  the  natural  laws  of  supply  and  demand,  without  further 

legislation? 

The  answers  to  question  (a)  are  as  follows : 

Yes 77 

No 81 

Non-committal 23 

The  answers  to  question  (h)  are  as  follows : 

Yes 105 

No 92 

Non-committal 25 

QuBSTiON  No.6. — Assuming  the  desirability  of  an  international  systam  of 
weights  and  measures,  it  is  of  sufficient  consequence  to  justify  incurring  the 
following  acknowledged  disadvantages: 

(a)  The  abandonment,  or  necessity  for  re-writing,  all  non-metric  engineering 

literature? 
(6)  Changing  our  small  tools  and  standard  gauges  now  based  upon  the  standard 
inch? 

(c)  Abandoning  the  inch  with  its  binary  divisions  in  common  use,  such  as  the 
half,  quarter,  eighth,  sixteenth,  thirty-second,  sixty-fourth,  and  the  decimal 

divisions  of  the  inch? 

(d)  Abandoning  the  present  standard  screw  threads  which  are  based  upon  the 
inch? 

The  answers  to  question  (a)  are  as  follows : 

Yes 55 

No 153 

Non-committal 13 

The  answers  to  question  (6)  are  as  follows : 

Yes 47 

No 150 

Non-committal 12 

The  answers  to  question  (r)  an'  as  follows : 

Yes 50 

No 151 

Non-committal 10 

The  answers  to  question  (d)  are  as  follows: 

Yes 49 

No 152 

Non-coniniitlal 9 

Question  No.  7. — Should  Congress  enact  any  law  to  (^nforce  the  use  of  the 
metric  system  in  any  of  the  departments  of  the  (Jovernnient? 

The  answers  to  this  (juestion  an^  as  follows: 

Yes 51 

No 156 

Non-committal 6 
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Question  No.  8. — In  view  of  the  fact  that  the  metric  system  was  legalized  by 
Act  of  Congress  in  1866,  and  has  therefore  been  on  a  legal  equality  with  the  Eng- 
lish for  thirty-six  years,  to  what  extent  have  you  made  use  of  it  and  what  has  been 
your  practical  experience  with  it? 

The  answers  to  this  question,  while  not  always  in  the  following  words,  may  be 
classified  as  follows : 

None 132 

Practically  none 8 

Very  little 15 

To  a  limited  extent  and  in  a  few  instances 8 

In  some  departments 2 

In  one  department 2 

In  laboratory 5 

In  foreign  business  (export  or  import) 27 

In  special  cases  or  when  required 13 

In  correspondence 3 

Some 3 

Largely 1 

Whenever  possible 1 

Non-conmiittal 3 

The  report  is  signed  by, 

Theodore  C.  Search,  Chairman. 
William  Sellers, 
Alba  B.  Johnson, 
James  M.  Dodge. 
Committee  on  Weights  and  Measures  of  The 
National  Association  of  Manufacturers. 


APPENDIX  VIII. 

Reproduction  of  a  Letter  Appearing  in  the  Boston  Transcript,  December 

16,  1902,  Keplying  to  a  Defence  of  the  Metric  System  from  an 

Engineer's  Standpoint  by  President  Pritchett,  of  the 

Massachusetts  Institute  of  Technology^: 

".     .     .     From  a  textile  standpoint  I  wish  to  submit  the  following  facts: 

1.  In  1900  the  textile  industrj^  of  the  United  8tat>es  stood  first  in  the  number 
of  employees  and  third  in  the  value  of  the  finished  product,  the  figures  for  the 
three  leading  industries  being: 

Workers.  Value  of  Product. 

Textile 1,029,910  $1,637,484,484 

Iron  and  Steel 733,968  1,793,490,908 

Food  Products 313,909  2,277,702,010 

2.  The  English  yard-pound  is  now  the  exclusive  standard  for  all  branches 
of  the  textile  industry  in  English  speaking  and  other  countries,*  which  include 
about  three-fourths  of  the  world's  textile  industrv. 


*  India,  Russia,  China  and  Japan,  which  are  not  English-speaking  countries,   but  which 
have  the  weights  and  measures  of  their  textile  industries  on  the  English  basis. 
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3.  The  English  yard-pound  is  the  chief  textile  standard  for  so-callf»d  metrie 
EurofK^. 

4.  With  the  exception  of  a  local  and  relatively  inaigiiificant  Austrian  stand- 
ard, the  English  yard-pound  [a  the  exclusive  standard  for  the  linen  aad  the 
jute  industries  for  the  whole  world. 

5.  M.  Paul  Lamoitier  (extracts  from  his  article  having  been  giverO^  a  Freaeh 
textile  manufacturer  and  \vTiter,  in  a  recent  issue  of  I'lndyMrie  Textih,  rarls» 
the  k'ading  textile  journal  of  France,  confesses  that  the  attempt  carritnl  on  for 
f)V»T  one  hundred  years  to  force  the  French  people  to  use  the  metric  unitji  in  the 
textile  industr)"  has  failed.  The  conclusion  cannot  be  avoided  tht^t  the  pro- 
posed  attempt  to  introduce  the  metric  system  into  tfiis  highly  ofiganized  in- 
dustry of  the  United  States  is  doomed  to  failure,  and  can  only  result  in  the 
hopeless  confusion  that  accompanies  the  concun^nt  use  of  two  eir  more  incom- 
inensurable  unites,  such  as  tlie  yard-poimd  and  the  kilogram-metre, 

I  ask  the  attention  of  the  textile  manrifac tuners  to  the  folbwing  questions: 

1,  Is  a  common  system  of  weights  and  measures  for  the  whole  textile  M^orld 
a  desirable  thing  to  retain?  If  not^  then  the  discussion  m  ended  and  tht^rti  can 
hie  no  objection  to  plunging  into  the  European  chaos  of  weights  and  meastireji. 
If  it  is  desirable,  then  the  next  question  to  be  settled  is: 

2.  Are  the  benefits  of  the  universal  system  of  textile  weights  and  measiiniis 
now  in  its  posaessioii  sufhcient  to  justify  a  country  (say  the  United  Slates) 
in  refusing  to  surrender  that  system  and  adopt  another^  which  France  has  tried 
in  rain  for  n^on?  than  one  liundrcd  years  to  adopts  and  which  is  admittedly 
inferior  m  many  reept^cts  to  its  own? 

These  arc  the  really  serious  questions  for  the  textile  industry.  Any  view 
of  tFic  proposed  change  in  our  weights  and  measures  taken  frouj  thii  stand ptiint 
of  any  one  industry,  or  profession,  no  matter  how  impi"»rtaiitt  is  out  of  pti-r^p'ctivc 
in  that  it  makes  the  whole  sui>ordinate  to  a  part.  The  interests  of  tlu'  umsst^s 
have  been  lost  sight  of  in  the  discussion  of  the  metric  question,  and  yet  they, 
the  plain  people,  would  be  most  afTccted  by  any  change  in  our  weights  and 
measures. 

Twice  only  in  tite  history  of  this  country  liBB  a  broad  and  thorough  iii%'ei*ti- 
gatian  of  the  metric  system  been  made  for  the  puljlie  ln^nefit.  The  fi rwi  liinei 
John  Quiney  Adams^  at  the  request  of  Congrc^ss,  spt*nt  fottr  years,  from  1817- 
1821,  in  this  work.  The  second  time  (18(>U-72),  a  conmiittee  of  the  niiivrr- 
sity  Convocation  of  the  State  of  New  York,  at  the  request  of  Hon.  John  A» 
Kasson,  chairman  of  the  House  Committee  on  Coinage,  Weights  and  Measures, 
studied  the  question  for  four  years* 

Tlie  decision  in  both  casc&  was  Bgmnat  tli&  introduction  of  tiic  metric  system 
into  the  United  States. 

APPENDIX  IX. 

Tub  Metric  System  :    A  Big  Job  for  a  T-iterart  ENormsER, 

CONOENSHD    FROM    A    LETTilR   TN    "  EKGOfEliRmG   NEWS,"  FEBHUAHT    19,    1903, 


There  are  two  sertoiia  objectione  to  the  atloptlon  of  tlie  metric  ay  item  by  the 
nations  umnfi  the  English  units.  These-  olijeulionii  an.»:  (1)  Tliat  tin;  ruil- 
lions  of  people  in  the  United  States  and  England  have  stored  in  their  rneniories 
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facts  and  figures  which  are  based  on  the  inch  as  the  unit  of  measurement,  and 
they  can  neither  forget  them  nor  mentally  translate  them  int<^  metric  units. 
(2)  That  every  book,  newspaper,  trade  journal,  trade  catalogue,  etc.,  which 
they  are  in  the  habit  of  reading  or  referring  to  is  printed  in  the  English  language, 
and  the  English  system  of  measurement  is  part  of  this  language. 

During  the  transition  period,  which  might  last  fifty  to  a  hundred  years,  there 
would  be  two  kinds  of  measurement  literature  produced  and  studied:  (1)  transi- 
tion literature,  (2)  metric  literature.  The  transition  literature  would  have 
both  the  English  and  the  metric  systems  on  the  same  page  or  on  adjacent  pages. 
Thus,  under  the  head  of  electrical  wiring  we  would  have  two  tables  of  resbt- 
ances  of  different  metals,  with  headings  as  follows: 

French:    Specific    resistance    in    microhms-centimetres;     resistance    of    1 

metre  weighing  1  gramme;   resistance  of  100  metres  of  I  mm.  diameter. 

English:    Specific  resistance,  copper  =  100;    resistance  in  ohms  per  mil.- 

foot. 

We  would  also  have  tables  of  resistances,  (»tc.,  of  copper  wires,  with  the  following 

headings: 

P'rench :    No.  of  the  decimal  gauge,  diamet<*.r  in  millimetres,  section  in  mm.', 
weight  in  grammes  per  metre,  resistance  in  ohms  per  kilometre,  length 
in  kilometres  per  ohm. 
English:    American  ynrc  gauge,  Birmingham  wire  gauge,  diameter,  inches; 
area,  circular  mils. ;    weight,  lbs.  pc»r  ft.;    weight,  lbs.  per  ohm;   length, 
ft.  per  ohm;    length,  ft.  per  lb.;    resistance,  ohms  per  lb.;    resistance, 
ohms  per  ft. 
Together  with  these  there  would  be  a  set  of  conversion  tables  for  converting 
pounds  per  foot  into  kilogrammes  jxT  metre,  ohms  per  kilometre  into  ohms  per 
foot,  etc. 

Then  we  would  have  two  different  st^'am  tables,  five  lines  of  each  of  which 
would  appear  iis  follows: 


a. 

b.                 c. 

d. 

e. 

f. 

g- 

1.0 

1)9.09           99.58 

036.72 

537.15 

1.701 

0.587 

1.1 

101.76         102.28 

637.54 

535.26 

1.555 

0.643 

1.2 

104.24         104.79 

638.29 

533.50 

1.433 

0.697 

1.3 

10().55         107.14 

639.00 

531.86 

1.329 

0.752 

1.4 

108.72         109.34 

639.66 

530.33 

1.239 

0.806 

a. 

Pressun;  Cabsolutc)  kg. 

ix^r  sq.  cm. 

b. 

Teniix'rature,  ^C 

c. 

Heat  of  tli<^  liquid. 

d. 

Total  heat. 

e. 

Heat  of  vaporization. 

f. 

Volume,  vu.  m.  p^r  kg 

g. 

Specific  weiglit,  kg.  pe 

r  cu.  m. 

h. 

i.           j.              k. 

1. 

m. 

n. 

0. 

0 

14       212.          180.9 

1,146.6 

965.7 

26.36 

.03794 

0.301 

15       213.0       181.9 

1,146.9 

965.0 

25.87 

.03868 

1.3 

16      216.3       185.3 

1,147.9 

962.7 

24.33 

.04110 

2.3 

17       219.4       188.4 

1,148.9 

960.5 

22.98 

.04352 

3.3 


18   222.4   191.4   1,149.8   958.3   21.78   .04592 
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h.  Gage  pressure,  lbs.  per  sq.  inch. 

i.  Abs.  pressure,  lbs.  per  sq.  inch, 

j.  Temperature,  °F. 

k.  Total  heat  above  32°  in  the  water. 

1.  Total  heat  above  32°  in  the  steam, 

m.  Latent  heat  in  the  steam, 

n.  Volume,  cu.  ft.  per  lb. 

o.  Weight,  lbs.  per  cu.  ft. 

Under  the  steam  tables  it  would  be  explained  that  pressures  of  steam  in  met- 
ric countries  are  commonly  expressed  in  atmospheres,  but  that  modem  writers  ex- 
press them  in  kilogrammes  per  centimetre,  and  tliat  1  kilogramme  per  square 
centimetre  is  neariy  but  not  quite,  an  atmosphere.  A  conversion  table  would 
be  given  in  style  something  like  the  following: 

1  atmosphere  =  14.097  lbs.  per  sq.  in.  =  29.992  ins.  (760  mm.)  of  mer- 
cury =  1.03329G  kg.  per  sq.  cm.  1  metric  atmosphere  =  1  kg.  per  sq. 
cm.  =  0.96777  atmosphere  =  735.51  mm.  (29.025  ins.)  of  mercury. 

The  metric  literature  would  be  much  simpler,  thus: 

1  atmosphere  =  760  mm.  of  mercury  =  1.033296  metric  atmosphere  = 
1.033296  kg.  per  sq.  cm.  1  metric  atmosphere  =  1  kg.  per  sq.  cm.  = 
0.96777  atmosphere. 

This  little  conversion  table  is  necessary  because  there  are  two  atmospheres 
used  in  the  French  system,  one  the  actual  mean  pressure  at  the  sea  level,  or 
1.033296  kilogrammes  per  square  centimetre,  and  the  other  an  ideal  atmosphere, 
in  which  there  is  ''the  beautiful  correlation  between  measures  of  length  and 
of  weight,"  viz.,  exactly  1  kilogramme  per  square  centimetre. 

It  would  not  be  nmch  of  a  job  to  produce  the  metric  literature,  for  it  would 
be  necessary  only  to  reproduce  the  rules,  tables,  formulje  and  data  now  printed 
in  the  metric  countries.  There  would  be  no  tables  of  structural  shapes,  for 
instance,  ranging  by  even  inches  from  3  to  24,  with  their  corresponding  weights 
per  foot,  and  coi^fficientis  of  stnaigth  in  pounds,  but  there  would  be  other  tables 
in  which  there  would  be  structural  shaix's  from  SO  niilliinctrrs  up  to,  say,  (UK) 
millimeters,  advancing  by  intervals  of  from  20  to  oO  niilliinetcrs,  with  their 
corresponding  weights  in  kilograms  per  metre,  and  with  coefficients  correspond- 
ing to  metric  measures  of  length  and  weight. 

The  big  job,  however,  would  be  to  produce  the  literature  of  the  transition 
period.  It  would  include,  in  the  tables  of  beams,  for  instance,  all  the  existing 
standard  sizes,  in  even  inches  of  dopth,  with  their  corresponding  metric  e^iuiv- 
alents  to  the  nearest  tenth  of  a  niillinictr*',  together  with  the  dimensions,  both 
English  and  French,  of  length,  breadth ol'  flange,  and  thickness  of  web,  the  weight 
per  yard  and  per  metre,  in  pounds  and  kilogranunes,  and  the  eoefficients  for  com- 
puting strength  in  both  systems.  B;sides  this  there  would  have  to  be  new- 
tables  of  the  new  sizes,  20  to  fiOO  niilhinetr.s  in  metric  mefisures  and  in  their 
English  equivalents. 

During  the  transition  p<'riod  the  mechanical  articles  in  the  **  Encyclopaedia 
BritannicA"  and  all  other  cyclopa'dias  and  other  works  of  general  reference  would 
have  to  be  reprinted  in  the  transition  language,  otherwis(.'  they  would  not  be 
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readable  by  the  people  of  the  period.  When  the  reform  (?)  was  at  last  accom- 
plished they  would  have  to  be  reprinted  again,  making  them  altogether  metric, 
and  then  the  old  books  would  all  find  their  way  to  the  paper  mill. 

The  engineer's  pocket-books  would  also  have  to  be  reprinted  in  the  transi- 
tion language,  and  then  many  years  later  completely  metricised.  Every  pres- 
ent owner  of  one  of  these  jx)cket-books,  if  the  metric  system  ia  coming  very 
soon,  would  have  to  provide  himself  with  both  of  the  new  books,  and  the  transi- 
tion book  would  be  at  least  half  as  large  again  as  the  present  book,  and  of  course 
would  sell  at  a  higher  price.  The  first  editions  also  would  have  so  many  typo- 
graphical errors  and  errors  of  computation  that  the  new  editions  would  sell 
rapidly. 

To  get  an  idea  of  the  size  of  the  job  that  will  have  to  be  done  if  the  impending 
reform  is  accomplished,  let  us  consider  some  of  the  tables,  etc.,  that  are  found 
in  these  books  based  on  the  English  inch.     They  are: 

Wire  and  sheet-metal  gauges. 

Weight  and  specific  gravity  of  substances. 

Weights  of  standard  sizes  of  bars,  rods,  tubes,  structural  shapes,  pipes,  fittings. 

Thickness  of  pipe  for  different  pressures. 

Standard  pipe  flanges,  boiler  tubes,  riveted  pipe,  brass,  copper  and  lead  pipe. 

Standard  sizes  of  screw  threads,  taps,  set  screws,  machine  screws,  nuts,  bolts, 
rivets,  washers,  nails  and  spikes,  wire,  wire  rope,  cables,  chain,  fire-brick. 

Strength  of  materials,  rules,  tables,  formulae,  etc.:  safe  loads  on  colunms, 
beams,  shafts,  bolts,  bursting  pressure  of  pipes,  cylinders,  boilers;  results  of 
tests  of  materials,  bars,  chains,  springs,  riveted  joints,  timber,  alloys,  ropes, 
wire  ropes. 

Specifications  of  all  materials. 

Velocity  of  falling  bodies,  height  due  to  velocity. 

Air,  properties  of,  compressed  air,  tables  and  formulae,  flow  of  air  in  pipes, 
air  compressors,  fans,  blowers. 

Heating  and  ventilating,  formuhe  and  tables. 

Water,  weight,  pressure,  flow,  pumps  and  pumping  engines,  turbines. 

Steam,  properties  of,  steam  pipes,  boilers,  chimneys,  heaters,  engines,  coYi- 
densers,  flywheels,  governors. 

Transmission  machinery,  gear  wheels,  shafts,  pulleys,  belts,  rope,  wire  rope. 

Foundry  and  machine  shop  practice. 

Refrigerating  machinery. 

Locomotives,  cars,  railroad  work. 

Marine  engines,  ships,  etc. 

Electrical  Engineering. 

The  list  might  be  extended  indefinitely. 

Another  branch  of  technical  literature  that  would  have  to  be  reprinted  is 
that  issued  by  the  several  correspondence  schools.  The  hundreds  of  thousands 
of  students  of  these  schools  would  all  have  to  be  furnished  with  instruction 
papers  in  the  transition  language.  The  instructors  in  the  schools  also  would 
have  a  big  job  added  to  th(;ir  present  one  in  correcting  the  additional  errors 
made  by  their  pupils  on  account  of  their  want  of  familiarity  with  the  new  imits 
of  measurement. 

It  may  be  said  that  the  transition  literature  would  not  be  needed,  that  a  good 
book  of  conversion  tables  would  fill  all  wants  ui  transposing  from  one  system 
to  the  other.     But  as  long  as  manufacture*^  articles,  such  as  bars,  tubes,  etc.. 
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are  made  in  aitmdarcl  m^n  by  the  English  system,  so  lorig  wawld  wr  require 
tjibles  of  weight,  rapaeity,  eto.^  of  these  siiw^ft,  and  such  tahle.^!  can  not  Iw  eou- 
%'crU*d  from  one  *syat^^m  ti>  th<*  othfT  withont  gT«*.'it  lal)i>t-  aii<J  liabiiity  to  error. 
The  use  of  prrnt^^tl  t^ibles  isiving  Iht*  weights,  f'ttfi?H"itk»s,  etc.,  in  the  French 
eijstem,  together  with  the  aizei?  in  English  measures,  would  1h^  ufH?ded*  Just 
such  lal»le^  are  jdmitrly  found  in  eatiUogues  of  Ameriean  maiiufactun*^^  printed 
in  French  and  CiTman*  There  m  a  table  of  thit*  kind  in  a  French  hot>k  of  '*  Notes 
and  Formulfc,"  181)7  edition,  giving  weights  in  kilograms  of  cast-iron  pipe,  the 
siim  of  whit^h  are  given  as  follow.H: 

Inches.  . li       2     2}       a     3}       4         5         6        7         8 

Mimmetms. .......  41     54     67    81     94     108     135     162     189    216 

On  another  page  thf^re  is  another  tahk  nf  weights  of  other  sissea  of  pipe,  \iz.; 
.    Millimetres,  40,  50,  54,  60,  70,  75,  SO,  90,  etc. 

The  fiist  table  roppcaents  the  ei^es  of  pipe  that  would  be  made  during  the 
transition  period;  the  second  the  »\zes  that  would  be  mada  when  the  metric 
iyateiii  had  been  completely  introduced. 

The  same  t>ook  gives  a  table  of  screw-threads  "Syatenie  TOiitworth/'  with 
the  following  figiires: 


Diiimcter,  inches.  K  *.       i 
Diamete  r,  m  il  11  met  ree  6, 33 
Threads  per  iDch  , . . .    20 
Pitch,  millimetre, ....  1.37 


'h 

i 

iV 

7.94 

9.52 

UAl 

18 

16 

U 

1.41 

L50 

i.ei 

1  I      I      I      I 

32.70  15-87  19.05  22.22  25,40 

n  It        10         9          8 

2,11  2.5t  2.54  3.83  3.18 


Diameter,  core,  mm,..  4.72     fi,09     7.^6      8.64     9.01    12.9^   15.74  18.54  2L3a 

Tlio  hook  says  of  the  Whit  worth  system,  that  it  has  l^een  adopted  for  a  long 
time  in  England  and  in  CTf/rmany:  **  It  is  ver\"  desirable  that  we  reat-h  some 
universal  rulea  for  the  pitch  of  ^icre^^s,  but  the  w*idely  extended  use  of  the  Whit- 
worth  sizes  prevents  it, until  England  has  athipted  in  pruetice  tlie  metric  system. ^* 

So  it  appt^ara  tiiat  even  in  France,  aftfvr  more  than  a  century  of  the  metric 
system,  the.  transition  period  of  mechanical  literature  ia  not  yet  at  an  end. 

The  eonclufflon  from  the  above  study  of  the  literary  question  is  that  the  work 
to  be  done  in  converting  the  Etiglii^h-flpf*aking  ra^-e  from  the  English  to  the 
metric  system  is  so  Jippalling  In  its  magnittnle  that  it  can  m-^vor  Ix^  done  at  all. 
There  will  be  no  transition  period  and  no  transition  lit^t^raturc.  There  may  be 
laws  passed  making  it  "the"  legal  f^systein,  and  the  departments  of  the  gov- 
ernment may  be  compelled  by  C>ongri."sa  to  use  it  in  all  business  tmnsactionSi 
but  the  people  a.f  a  whole  are  no  more  likely  to  adopt  it  than  they  are  to  give 
up  the  English  hmguage  and  adopt  French  in  its  place. 


APPENDIX  X. 
TttB  Use  of  tke  Metric  Stbtbm  in  Recekt  English  TecBincAL  Lrr^itATUR®. 


The  trotjblcs  which  will  ensue  during  the  transition  period  which  would  fol- 
low the  attempt  to  introduce  the  metric  system  into  technical  literature  are 
uln^ady  fore«hadowed  by  the  increasing  tendfjney  of  some  writers  to  make  a 
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partial  use  of  the  metric  system  in  their  books.  The  following  comments  on 
this  subject  are  made  in  a  review,  in  Engineering  News  of  March  19/1903,  of 
Campbell's  "Manufacture  and  Properties  of  Iron  and  Steel." 

We  regret  to  see  that  the  author  mixes  up  the  English  and  metric  systems 
of  weights  and  measures  in  this  chapter.  In  one,  table  he  gives  in  the  head- 
ings of  columns,  pounds  of  coke  per  ton  of  2,240  pounds  of  iron,  kilograms 
of  carbon  per  ton  of  iron,  cubic  metres  of  gases  per  ton  of  iron  and  heat  value 
of  gases  per  ton  of  2,240  pounds  iron  in  French  calories.  In  a  foot-note  he 
refers  to  an  error  made  by  Sir  Lowthian  Bell  in  giving  calories  per  ton  inseatd 
of  calories  p3r  20  kilograms,  which  arose  from  his  adopting  a  new  unit  of  20 
kilograms  as  his  base  of  calculation.  Mr.  Campbell  may  not  have  made  any 
similar  error  himself,  but  his  use  of  tons,  pounds,  kilogrammes,  cubic  feet  and  cubic 
metres  indiscriminately  makes  hard  reading,  and  is  a  fine  sample  of  what  we 
shall  have  to  submit  to  for  many  years  to  come  until  the  metric  advocates  cease 
their  attempts  to  destroy  the  English  system  of  measurement  and  to  introduce 
confusion  in  our  language.  We  suggest  also  that  it  would  have  been  simpler 
to  make  all  calorific  computations  of  blast-furnace  problems  in  weights  instead 
of  part  weight  and  part  volume.  The  volume  calculations,  cubic  feet  and 
cubic  metres,  always  refer  to  volumes  at  some  standard  temperature  (32°,  39°, 
or  62  F.)  and  not  to  the  actual  volumes,  while  weights  are  independent  of 
temperature.  Only  one  unit,  the  pound,  need  then  be  used  in  all  calorific 
computations. 

Chapter  IX.  is  on  the  combustion  of  fuel.  Here  the  author  again  uses  the 
metric  system,  with  its  kilogrammes,  cubic  metres  and  calorics,  where  pounds, 
cubic  feet  and  British  thermal  units  would  have  been  just  as  good,  and  more 
acceptable  to  the  English  reader. 

A  sample  paragraph  from  Mr.  Campbell's  book  is  the  following: 

Bell  gives  the  weight  of  air  blast  as  103.74  kilogrammes  per  20  kilogranunes 
of  iron  =  5.187  kilogrammes  to  1  kilogramme  of  iron  =  5270  kilogrammes 
per  J,240  pounds  iron,  which  for  a  furnace  making  300  tons  in  24  hours  is 
at  the  rate  of  1098  kilogrammes  =  849  cubic  meters  =  29,983  cubic  feet  per 
minute. 

If  English  measurements  alone  were  used  this  would  read: 

According  to  Bell  the  weight  of  air  blast  is  5,187  pounds  pyr  pound  of  iron 
=  11,619  pounds  per  ton  of  2,240  pounds.  For  a  furnace  making  300  tons 
in  twenty-four  hours  this  is  equivalent  to  29,983  cubic  feet  (at  32°  F.)  per  minute. 

Why  do  some  English  writers  use  the  metric  system  (to  a  partial  extent) 
in  their  books? 

1.  Is  it  to  save  themselves  the  trouble  of  translating  the  figures  from  the 
metric  into  the  English  system?  As  all  t<^chnical  books  are,  or  ought  to  be, 
designed  to  convey  informations  to  the  reader  in  the  clearest  manner  possible, 
involving  him  in  the  least  mental  fatigue,  the  author  owes  it  to  the  reader  to 
take  the  trouble  to  translate  metric  dimensions  into  English,  just  as  he  would 
translate  a  fortugn  verbal  expression  into  English. 

2.  Is  it  to  make  their  books  more  readable  by  foreigners?  Any  foreigner 
who  does  not  understand  the  principal  English  dimensions,  feet,  inches  and 
pounds,  is  not  likely  to  be  able  to  read  an  English  book  at  all.  As  the  English 
readers  of  an  English  book  are  likely  to  be  a  hundred  times  as  many  as  the  for- 
eign readers,  why  should  the  latter  be  considered,  to  the  inconvenience  of  the 
former? 
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3.  Is  it  because  they  favor  the  propaganda  of  the  metric  system  and  wish  to 
be  known  as  among  those  who  desire  to  force  it  on  the  EngHsh-speaking  world? 
Then  they  must  be  numbered  with  the  spelling  reformers  and  other  faddists, 
and  let  idone,  for  no  argument  will  reach  them. 

APPENDIX  XI. 
Advantage  op  Fractions  over  Dectmai^  in  Computation. 

In  the  English  system  of  wc^ights  and  measures  the  computer  may  use  either 
common  fractions  or  decimal  subdivisions  as  he  chooses,  and  often  he  will  find 
the  fractions  the  easier.  The  following  actual  problem  recently  came  up  in 
th2  writer's  practice: 

A  conveying  belt  100  feet  long,  running  400  feet  per  minute,  delivers  20,  40, 
()0,  80  or  100  tons  of  2,000  pounds  per  hour.  What  is  the  load  on  the  belt  for 
each  rate  of  delivery? 

SOLUTION  BY  FRACTIONS. 

Tous  per  hour  =  T 20  40  60  80  100 

Tons  per  miuute  =  ^  T i  |  1  li               1 J 

Loadonbelt  =  iofB^tfT Vf  4  t  i                A 

Load  on  belt  in  pounds I663  333^  500  666|  833^ 

solution  by  decimals. 

Tons  per  hour  =  T 20               40               60               80  100 

Tons  per  minute  =  6\i  T 0.3333         0.6667        .     1  1  3333  1.6607 

Uad  on  belt  =  i  of  K^rt  T 0.0833        0.1607           0.25  0.3333  0.4107 

Load  on  belt  in  pounds 166.7          333.3             500  666.7  833.3 


APPENDIX  XII. 
Action  of  the  Cincinnati  Manufacturers  on  the  Metric    System. 

(From  the  Amencan  Machinist,  Nov.  27,  1902.) 

The  Franlilin  Institute  Cornniittoc  on  tlio  Metric  System  luis,  as  many  of 
our  readers  are  aware,  eirculated  a  list  of  ciuestioiis  aiiionp;  the  manufacturers 
of  the  country.  The  manufacturers  of  Cincinnati  have  taken  concerted  action 
in  replying  to  those  questions,  and  as  their  answers  give  the  views  of  a  larpcc^ 
and  impoi-tant  nianufacturnip  st'ction,  we  consider  it  only  proper  that  tliev  b(^ 
given  in  our  columns.  The  questions  and  answers  an;  siindwiched  togetlier 
below: 

1.  Is  it  not  desirable  to  simplify  and  change  the  system  of  weights  and  meas- 
ures at  present  in  general  use  in  this  country? 

A. — It  is  dcsira})le  to  simplify  tlie  pn*sent  system  if  it  can  he  done  without 
introducing  more  confusion  than  is  saved,  which  we  douht.  It  is  not  desirable 
to  change  the  S3'stem. 

2.  In  view  of  the  fact  that  the  following  countries  officially  and  customarily 
employ  the  metric  system  of  wt^ights  and  measures — namely,  France,  (lermany, 
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Austro-Hungary,  Norway  and  Sweden,  Grand  Duchy  of  Finland,  Holland, 
lielgiurn,  Switzerland,  Spain,  Portugal,  Italy,  Servia,  Rouniania,  Bulgaria, 
Greece,  the  Ottoman  Enipirt*,  Japan,  China  (thirty-CMght  ports),  Egypt,  Mex- 
ico, tlie  (Vntral  American  and  South  American  countries,  the  dependencies 
of  the  a})ove-mentione(i  countries  and  the  Latin  acquisitions  of  the  United 
States — do  you  not  consider  that  it  would  l>e  advisiible  to  adopt  the  metric  sys- 
tem in  the  Unit^'d  States  with  the  view  of  bringing  about  international  uni- 
formity in  weights  and  measures? 

A. — The  statement  that  the  countries  named  "customarily  employ  the  met- 
ris  system"  is  a  pure  assumption.  No  evidence  of  this  is  submitted,  while  on 
the  contrary,  all  available  evidence  shows  that  in  some  of  these  countries  the 
system  is  used  but  little,  and  in  none  of  them  is  it  universal.  Even  in  France 
the  old  units  are  still  in  wide  use.  Considering  the  age  of  the  system,  this  is 
sufficient  proof  that  it  cannot  become  universal,  and  all  arguments  based  on  the 
assumption  that  it  can  be  fall  to  the  ground. 

3.  Would  not  the  introduction  of  the  metric  system  benefit  the  foreign  trade 
of  the  United  States? 

A. — Of  the  millions  of  dollars  of  machine  tools  which  the  members  of  the 
Association  have  sold  to  France  and  Gennany,  the  great  majority  have  been 
sold  without  request  or  suggestion  that  any  of  the  dimensions  be  made  in  accord- 
ance with  the  metric  system.  The  only  changes  that  have  been  asked  for  have 
been  in  occasional  measuring  and  adjusting  screws.  In  view  of  this  experience 
and  of  the  unexampled  growth  of  the  export  trade  of  this  country  during  the 
past  half-dozen  years  we  cannot  s(»e  any  need  of  changing  for  the  benefit  of 
foreign  trade. 

4.  Do  you  not  consider  that  the  introduction  of  the  metric  system  would 
facilitate  and  al)l)n»viat<^  the  computations  which  prt»sent  themselves  in  the 
ordinary    occupations    of   life? 

A. — Theoretically  yes,  though  to  an  ext<»nt  that  hiis  been  grossly  exaggor- 
ated.  The  supposed  gain,  considt^n'd  in  its  economic  value  16  the  nation,  we 
consider  to  l)e  trifling.  MonH)ver,  this  trifling  gain  is  dependent  upon  the  old 
units  becoming  extinct,  which  in  France  and  Germany  they  have  not  done. 
On  the  other  hand,  the  existence,  of  both  old  and  new  units  in  those  countries 
serves  in  many  instances  to  incrcaf<c  the  lal)or  of  calculations  and  to  nullify  the 
whole  argument  based  on  the  theory  of  the  metric  system. 

5.  Would  not  the  introduction  of  the  metric  system,  by  practically  limiting 
the  units  of  weights  and  measun^s  to  (1)  the  metre,  (2)  the  gram,  (3)  the  litre 
and  (4)  the  are;  and  in  vi'^w  of  the  simple  prefix  system  of  decimal  multiples 
and  submultiples  existing  in  that  system,  assist  in  measuring  and  expressing 
quantitative  vahies  of  all  kinds? 

A. — Should  the  old  units  become  extinct,  yes;  but  the  experience  of  metric- 
using  countri(»s  shows  that  tliey  will  not.  The  adoption  of  the  system  will  thus 
mid  to  the  number  of  units  to  be  learned. 

6.  It  has  been  found  upon  investigation  by  the  Bureau  of  Education  of  the 
United  States  and  the  St^lect  CommitttM^  on  Weights  and  Measures  of  the  House 
of  Commons  of  (ireat  Britain  that  a  year  of  the  school  life  of  children  could  be 
saved  through  replacing  the  customary  weights  and  measures  by  the  metric 
system.  In  view  of  this  fact  [?],  is  not  the  change  tj  })e  desired  from  an  educa- 
tional standpoint? 

A. — This  conclusion  is  also  based  on  the  theory  that  the  old  units  will  be- 
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pome  pxtmet.  If  the  olc3  tniits  are  to  pontinii(%  aa  all  oxjv^rjiMice  shows  ihf^y 
will,  the  odnrlusion  is  nullilit'd  and  reverar-d — the  clnldri'rj  will  haw  an  addi- 
tiimsd  svMem  to  l^Mirn  and  their  lahnrs  uiM  he  ini'rm''ied,  jjot  dlMiiiii^hed. 

7*  What  length  of  lime  do  you  think  woixld  be  rt^iiTiired  to  insinu't  artimwrn 
in  the  use  of  tho  metrit'  aystt^rn? 

A* — The  cx|T**rience  of  France  has  shown  that  lh(?  cKangp  caiiiiot  be  com- 
pleted in  a  ct'iilur>%  In  view  of  this,  we  regard  what  anyone  ''thinks"  aboni 
tile  matter  tm  of  no  ituportance. 

8.  Would  the  ra<'t  that  in  the  decimal  system  continued  fractional  Bulidi- 
visicn  l)y  2  canntJt  l>f?  cou^  etiiently  carried  so  far  aa  in  the  customary  weights 
and  meajsurf'8  vvitir  connjion  fractions  sw^riously  militate  againjit  the  introduction 
or  UGte  nf  the  met  He  ny^^^^m? 

A* — ^Wc  conyiilcr  the  adx'antagts  of  the  binary  system  of  divisioQ  to  be  too 
important  t-o  Ije  dis^pensed  with. 

9.  If  the  nir'trio  system  were  adopted  within  a  few  years  in  your  buBinesa, 
would  it^  ^rtdual  adoption  entail  great  expense?  How  could  this  expense 
l>e  minimiist^d  t^r  avoided? 

A.— To  adopt  the  i^^'j^tem  gradually  would  involve  makjne;  machines  for  years 
with  part  Eo!fBwh  and  part  mf^tric  dimensions,  with  eouatant  ehaiiffp  at*  the 
Eng!i?=h  dimf^nKionj}  arr^  dropp^il — that  is,  until  the  transition  h  eoinjilcte.  Dur- 
ing thii!  poricKl  there  could  be  no  fitandavdi;'ed  prwlurtioii,  hut  constjuit  chai*g">. 
We  cannot  regarrl  the  im^  of  tioth  syatema  on  ttie  same  ma<"hii»e  as  a  thing  to 
Ix*  tolem*ed,  much  less  deliherpitely  encoumspipd.  To  continue  existing  units 
on  old  machines  while  adopting  the  metric  units  on  new  ones  helps  mattnra 
but  little,  as  in  all  hues  of  machine.'?  many  parts  art*  common  to  diffei-ent  msses. 
Moreover,  the  whole  questioa  h  based  ou  the  idea  that  the  sacrifice  of  the  change 
is  niea^un.'d  \)y  the  cost  of  btiying  new  small  tools,     (hi  thi'  contran %  the  chief 

critic*^  is  in  the*  eiianging  of  standardised  things — In  tht^  throwing  away  of 

ftudftrdf*,  the  vahie  of  which  we  will  not  kiiow  imJil  we  loat^  them,  l*he  value 
ol  ^ilmfting  and  pulley  ^tandard!4,  for  example^  lies  in  the  fact  that  by  reason  of 
them  shafting  ami  pulleys  may  be  made  in  large  quantities  and  therefore  cheaply  j 
that  becausf-'  tFieir  fftting  is  insured^  they  can  be  made  in  advance  and  sold  from 
stock  as  needed,  instead  of  l>eing  made  to  order  at  incn^ased  eost  and  delay; 
that  pulley 5  can  l^e  changed  about  as  needed,  anrl  iF  throw^n  out  of  use  become 
again  available  for  any  shaft  of  their  size,  whene\er  wanted.  Who  would  think 
of  estimating  the  value  of  shafting  standards  to  the  etjuntry,  by  the  value  of 
the  turning  and  lK>ring  tools  and  gaugr^s^  in  pulley  and  s^hafting  factories?  Never- 
theless, that  is  exactly  what  you  do  whon  30U  tacitly  assume  that  the  ccfst  of 
ehanging  our  shop  sta^ndards  is  measun?d  b_v  the  exj>ense  of  new  tools.  Im- 
agine^ if  you  can,  the  confusion  that  would  prevail  if  pulleys  and  shafting  hiwl 
never  bt^n  standardised^  and  you  will  begin  to  understand  how  ridiculous  is 
your  assumption  that  the  cost  of  this  change  can  l:»e  measim^d  by  the  cost  of 
small  tools.  Into  ihe  ]om  due  to  the  destruction  of  standards  the  element  of 
tin II'  d*iea  not  cnter^  and  we  therefore  regard  the  idea  of  a  gradual  change  as 
gimply  iKjetponiug  and  refusing  to  face?  the  difficuKies  of  the  problem* 

If),  Are  you  in  fa^'or  of  the  lull.  II.  li.,  123^  as  reported  from  the  t -ommittee 
on  Coinage,  Weights  and  Measun's,  and  which  it  is  expected  will  Ije  considered 
at  the  coming  aes.sion  of  Congre^,  and  which  reads  as  follows?  **  A  bill  to  adopt 
w^iglits  and  measures  of  the  metric  system  as  the  standard  weights  and 
sures  in  the  Umted  States.     (1)  Be  it  enacted  by  the  Senate  and  House 
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of  Representatives  of  the  United  States  of  America,  in  Congress  assembled* 
(2)  that  on  and  after  the  first  day  of  January,  1904,  all  the  departnients  of 
the  government  of  the  United  States,  in  the  transaction  of  all  business  requiring 
the  use  of  weights  and  measurement,  except  in  completing  survey  of  lands, 
shall  employ  and  use  only  the  weights  and  measures  of  the  metric  system;  and 
on  and  after  the  first  day  of  January,  1907,  the  weights  and  measures  of  the 
metric  system  shall  be  the  legal  standard  weights  and  measures  of  and  in  the 
United  States." 

A. — \o.  We  believe  that  the  difTicultics  of  the  change  have  been. ridiculously 
underestimated,  and  that  the  metric  system  offers  no  compensating  advantages. 
We  regard  the  whole  matter  as  a  shop  affair  exclusivel}',  since  the  confusion 
and  expense  must  be  borne  by  the  shops.  We  thert»fore  regard  the  intrusion 
of  those  who  have  no  pecuniary  interest  in  shops,  as  unwarranted. 

These  answers  were  signed  by  tlie  following  firms  of  the  Cincinnati  district: 
American  Fire  Engine  Company,  Belmer  Machine  Tool  Company,  Cincinnati 
Machine  Tool  Company,  Cincinnati  Milling  Machine  Company,  Cincinnati  Planer 
Company,  CMncinnati  Shaper  Company,  Dreses  Machine  Tool  Company,  J.  H. 
Day  Company,  William  E.  Gang  Company,  Greaves,  Klusman  &  Co.,  Laidlaw- 
Dunn-Gordon  Company,  Lane  &  Bodley  Company,  J.  M.  Robinson  &  Co.,  Se- 
bastian liathe  Company,  Schumacher  &  Hoye,  Jolm  Steptoe  &  Co.,  Smith  & 
Mills,  Triumph  Electric  &  Ice  Machine  Company,  Cincinnati  Punch  and  Shear 
Company,  Bradford  Machine  Tool  Company,  American  Tool  Works  Company, 
Jos.  S.  Blettncr  &  Co.,  Barker  &  Chard  Machine  Tool  Company,  Dietz  Machine 
Tool  Company,  Fosdick  &  HoUoway  Machine  Tool  Company,  I.  &  E.  Green- 
wald  Drill  and  Tool  Company,  R.  K.  Green wald  <fe  Co.,  Bickford  Drill  and  Tool 
Company,  R.  K.  I^eBlond  Machine  Tool  Company,  Springfield  Machine  Tool 
Company,  and  others  whose  names  wc  have  not  been  able  to  get. 
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The  answers  to  those  questions,  which  answers  were  niad(»  by  concerted  action 
of  the  manufacturers  named,  are  bawd  almost,  if  not  ontii-oly,  upon  the  paper  of 
F.  A.  Halsey,  which  had  been  pn^viously  road  at  the  ('lov(»land  meeting  of  the 
Machine  Tool  Manufacturers'  Association.  This  paper  wiis  ossontially  the  sams 
as  that  presented  before  the  Aniorioau  Society  of  Mechanical  Engineers  and 
which  accompanies  this  report.  At  the  Cleveland  niecMing  referred  to  there  was 
no  one  to  say  a  word  on  the  other  side,  and  the  fact  is  that  a  very  large  majority 
of  those  who  signed  the  answers  as  given  did  so  without  having  given  the  matter 
any  serious  study  or  consideration.  In  fact,  most  of  the  signers  have,  we  be- 
lieve, never  given  a.iy  serious  attention  to  the  question  of  the  relative  merits  of 
the  two  systems.  They  are  busy  men,  and  whili;  their  opinions  would  be  valuable 
upon  this  or  any  other  matter  coimected  with  the  art  of  machine  construction 
where  they  had  taken  time  and  pains  to  examine  it  on  both  sides  and  with  care, 
we  feel  certain  that,  owing  to  the  peculiar  manner  in  which  this  action  was  brought 
about,  it  should  have  no  more  weight  than  Mr.  Halsey 's  paper  itself,  which  is 
entirely  one-sided  and  docs  not  profess  to  be  an  impartial  examination  of  the 
question. 

Some  of  those  who  signed  the  answers  have  said  since  signing  them  that  they 
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have  seen  new  light  upon  the  subject,  and  wc  think  many  of  them  would  answer 
differently  if  it  were  to  be  done  over  again. 

On  the  same  page  of  the  American  Machinist  referred  to  is  a  letter  which  was 
written  by  an  engineer  connected  with  a  machinery  house  in  Paris,  which  hous3 
has  sold  many  thousands  of  dollars  worth  of  American  machine-tools  in  France 
and  elsewhere  in  Europe,  chiefly  through  the  efforts  of  the  writer  of  the  letter — a 
man  who  is  friendly  to  American  machinery  interests  and  of  undoubted  sincerity. 
We  commend  thia  letter  to  careful  attention ;  it  is  as  follows : 
Editor  American  Machinist: 

"  I  have  carefully  followed  the  valuable  articles  appearing  in  your  paper  in  re- 
gard to  the  bill  that  the  United  States  Government  proposes  for  the  adoption  of 
the  metric  system  in  your  country.  I  think  that  I  have  some  experience  with  the 
sale  of  American  tools  in  Europe,  and  beliove  that  American  tool  manufacturers 
are  quite  wrong  in  systematically  resisting  the  proposed  bill  as  far  as  their 
European  trade  is  concerned.  Their  German  competitors  will  probably  make  a 
demonstration  of  this  opinion. 

The  second  resolution  of  the  Cleveland  convention  of  the  National  Machine 
Tool  Builders*  Association  reproduced  at  page  1525  of  your  paper  is  somewhat 
puerile.  The  machines  referred  to  were  accepted  by  customers  with  only  the 
adjusting  and  measurbig  screws  made  metric,  because  at  that  time,  namely,  two 
or  three  years  ago,  the  demand  was  \'ory  active  and  the  buyer  accepted  what 
the  manufacturer  was  willing  to  give  him;  but  conditions  have  changed  a  great 
deal  in  Europe  and  a  large  number  of  tool  us?rs  now  buy  German  tools,  while 
they  used  to  buy  American  tools  simply  because  the  former  are  manufactured 
thoroughly  to  the  metric  system. 

There  is  no  doubt  that  the  metric  system  will  be  exclusively  used  the  world 
over  some  day,  even  in  the  Unitcnl  States,  and  it  would  seem  to  me  that  since  the 
American  tool  manufacturers  will  have  to  make  the  change  from  the  English  sys- 
tem to  the  metric,  it  would  not  cost  them  any  more  now  than  later,  and  of  course 
the  sooner  will  be  the  better  for  them,  as  when  their  European  trade  is  lost  and 
in  the  hands  of  their  German  competitors  it  is  doubtful  that  it  will  be  easy  to 
secure  it  again. 

APPENDIX  XIII. 

If  the  Change  to  the  Metric  Sym  km  weuf:  DKsiiiAiiLE  the  Difficulty  of 
Making  it  is  Enormous. 

Our  metric  friends  say  they  are  opposed  to  compulsory  le^slation  in  favor  of 
the  metric  system — yet  how  can  it  (*vcr  he  adoptc^d  in  this  country  witliout  it. 
Even  thirty  years  of  compulsory  Ic^rislntion  has  failed  to  wipe  out  the  old  measures 
in  Germany.  German  cost  calculations  of  a  piece  of  worsted  goods — as  explained 
in  a  Grerman  textile  treatisti — are  thus  deserilxMl  in  the  Textile  World: 

"The  raw  material  is  purchased  by  tin*  f'Jncjh'sh  pntuul.  The  fiuislied  goods  are 
sold  by  the  French  metre,  Tht^  yarn  counts  are  Eri'jlish,  while  the  length  and 
width  of  the  finished  goods  are  ynrfrir.  The  length  of  the  yarn  is  expressed  in 
metres,  while  the  counts  are  Enalif<h,  based  upon  tlu*  j/nrd  and  the  pmnul.  From 
this  hodge  podge  the  weight  of  the  yarn  is  ealculated  in  grams,  whieh  is  extended  by 
another  arithmetical  somersault  at  a  price  ^Mven  in  marks  jxt  Engltoh  pound,  and 
to  cap  the  climax  the  total  length  of  the  yarn  in  }netres  is  reduced  to  English  yards 
and  then  to  English  skeins  of  500  yards  <'aeh." 
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Mr.  Halscy  says:  "In  the  mechanical  industries  of  Germany  we  have  the  testi- 
mony of  an  American  engineer  who  has  for  three  years  occupied  a  leading  position 
in  a  German  machine  tool  works  that '  In  Germany  alone  there  are  not  less  than 
half  a  doztm  (inches  of  different  values)  of  which  two,-the  Rhenish  and  the  Eng- 
lish, are  in  such  very  general  use  as  to  cause  great  confusion.  *  *  *  Nearly  uni\'er- 
sally  the  carpenters  and  other  building  mechanics  us3  the  Rhenish  inch/  and  we 
have  other  testimony  showing  that  ship,  boiler  and  pipe  work  are  done  on  the  inch 
basis,  while  the  practically  universal  use  of  English  pitch  screw  threads  in  Ger- 
many is  known  to  all  who  are  well  informed. 

"  Even  in  France  the  old  units  p>ersist  after  more  than  one  himdred  years  of  the 
metric  system  : 

"  In  trade  reports  in  French  newspapers,  the  pipe  of  105  gallons  will  be  found  as 
the  unit  of  stock  on  hand  and  of  sales  of  spirits,  while  the  piece  of  varying  capacity, 
the  tonneau,  the  piece,  the  feuillette  and  the  mesure  are  units  of  wine  measure. 
Sugar  and  coffee  are  sold  by  the  sac,  firewood  by  the  cord,  potatoes  by  the  setier, 
apples,  etc.,  by  the  minot,  lumber  by  the  dozens  of  solives,  madriers  and  planches, 
while  land  is  advertized  and  sold  by  the  perche,  arpent  and  joumee. 

"  In  Spain,  which  has  been  nominally  metric  for  forty  years,  an  American  corres- 
jx)ndent  and  manufacturer  living  at  Barcelona  tells  me  that  'not  more  than  half 
the  everyday  business  transactions  are  carried  out  on  a  metric  basis.'  Linear 
and  superficial  measures  include  the  palmo,  the  vara,  the  cana  and  the  dcstre 
Oils  and  wines  sell  by  the  cuarto,  arroba  and  cantara;  cereals  by  the  fan&sa  and 
ferrado ;  coal  and  coke  by  the  arroba,  quintal  and  tonelada,  while  there  are  about 
twenty  different  lil)ras  or  pouiids  in  use,  the  value  of  this  unit,  like  many  of  the 
others,  varying  with  ever>'  province. 

"  And  in  Mexico,  nominally  metric  for  eighteen  years,  the  facts  are  that  in  the 
work  pertaining  to  locomotives,  cars'and  shop  tools,  the  practice  of  nearly  all  rail- 
roads in  Mexico  is  based  on  the  inch  exclusively.  Lumber  is  sold  by  the  English 
system,  while  dealers  sell  so  many  metres  of  such  and  such  inch  pipe  or  wire  rope 
and  so  many  kilograms  of  i,  }  or  J  inch  bar  iron — the  last  of  Mexican  manufacture 
— and,  added  to  these  examples  of  simplicity  and  uniformity,  the  old  Spanish  vara, 
carga  and  arroba  are  in  frequent  use.'* 


APPENDIX  XIV. 

CONCEHNINd    THE    EXTENT    OF   THE    AdOIHION    OF   THE    METRIC   SySTEM. 

(I'Yom  an  editorial  in  The  Engineer,  Cleveland,  O.,  January  15,  1903.) 
**  Tlu3  extent  of  the  practical  employment  of  (existing  systems:  The  sum  total  of 
advantages  that  might  result  from  inaugurating  any  different  system  at  the  pres- 
ent lime  cannot  be  estimated  by  considering  merely  the  number  of  governments 
which  may  not  only  have  adopted  it,  but  rendered  its  use  compulsory,  or  the 
numl)er  of  countries  in  which  the  system  may  be  nominally  operative.  The 
p:reater  inconvenience  and  expense  must  necessarily  be  borne  by  the  countries 
making  the  larger  use  of  the  syst^'m  which  it  is  intended  to  supplant. 

*'  Whatever  system  may  be  agreed  upon  for  universal  adoption,  the  nations 
engaged  in  manufacture  will  })e  the  larger  users  of  the  system.  The  number  of 
countries  employing  the  metric  system  furnishes  no  indication  whatever  of  the 
loss  in  time,  stocks  and  money,  that  would  be  incurred  were  those  employing  the 
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Enjtlish  system  oblijctd  for  any  n?ason  to  change*  to  unfit  her.  From  a  study  of 
availjitile  statisfticf!  it  lis  vf^ry  probable  that  tlie  iiiimlw^r  of  persooB  in  tliR  Unit4*d 
Statics,  England,  Gtinnan^-^  and  ptxssililj^  Franw,  whn  ha\T  adopt-(.d  the  English 
system  b  ^*atvr  than  th**  miinlur  of  ix.'r^onH  using  the  ijutrii-  sysUmi  In  all  coun- 
tries combined.  If  this  bt^  so»  asHumirig  that  a  liniversal  system  should  lje 
ad  opted  J  a  ehange  from  the  French  to  the  Enj^lish  j^^^s^tem  will  Iw  much  cheaper 
than  a  ehani^e  frtmi  the  English  to  the  Frt^nch,  wherever  the  two  f?y stems  are  \3imd. 
'^  While  the  number  of  countries  in  whieh  tlie  niftrie  system  has  been  adopte<I  is 
much  lai^r  than  the  nunibcr  employijij^  the  English  system,  the  totfil  of  firms 
and  individuals  constantly  usinp  the  metric  sj^atem,  and  the  value  of  the  property 
eoneemcd,  shrirtk  to  sinidl  proporiinns  when  compared  with  the  number  of  people 
engaged  in  industries  umng  the  English  system  and  the  assets  thay  represent," 


APPENDIX  XV, 

OMB  OpIKIOHS  op  EKGlNEBim  WHO  A  EM  FAMtLIAn  WITH  THE  MkTTITC  ByBTEM, 
FHOM    "  IINGIPTBERING    NEWS,"    FEBRUAEY|    1903, 

(\  W.  Baldrige,  Winona,  Minn.  ^*The  fact  that  all  eity  subdivisions,  land  sub- 
divisions,  and  practically  idl  measur(5ment«  of  anything?,  for  record  or  of  fM?rmaii- 
ence,  in  the  Ifnited  States,  are  made  in  the  systf^m  of  which  tlue  foot  m  the  unit, 
should  cfinstitutj*  an  insurmountable  obstacle  to  the  changing  of  that  unit, 

**  A  few  tnotjtlm*  work  aJonng  the  old  vara  measu^'d  Spaoinh  grants'  of  Bouth- 
en>  Texas  wtu*  s^nlTieient  to  eon vi nee  ine  of  the  imdcjsirability  of  ehanging  a  unit  of 
meiu^un'inent;  l>ut  I  do  think  it  would  be  desirable  to  build  up  a  decimal  system, 
i^a  far  as  it  h  ]>ossible,  upon  our  presj*nt  most  conunon  iinir.H  aw  a  basis. "' 

A,  H,  Robinson,  St.  Ignactv  Mii-h.,  who  has  had  a  great  deiU  of  e3t{>criencc*  with 
the  metri<'  system,  referring  to  railroad  sitrveyLng  in  Mexico^  says:  "We  fiiid  that 
the  2(]  mtltimctre  tstatinn  already  makes  50  p<Tt*cijt»  more  work  o%'er  the  American 
systetfi  on  the  level  notes  and  prtjlik%  i^iirre^jxindiiigly  incri^asei*  the  liability  to 
error,  iJitroduces  still  anollier  liability  t*j  error  in  liguring  gradt^,  and  presents  lio 
i  m  pro  vc  I  ne  n  t  o\'e  r  1 1  le  A 1 1  k  -  ri  i  'm  o  system . 

"On  constrtietion  with  10  millimetre  stations  the  ertiRS-section  would  then  have 
to  lie  taken  at  every  10  ntillhnetre  and  Itisr*  the  lienefit  of  the  factor  20  in  the  eal- 
culation  of  earthwork,  or  at  the  20  millimetre  station,  then*!>y  acdnowledging  the 
metric  to  be  '  a  makeshift  of  a  decimal  systenu'     The  latter  ts  the  eusi\ 

*'  In  rumrmg  curves  by  deflection  angles,  fractional  stations  fall  more  frefjuetjUy 
on  even  feci  than  on  e\^en  metres,  and  therefore  the  engineer  has  more  'trouble 
with  those  annoying  and  di8tra<Hing  deeinials  of  a  degree*  in  the  metric  than  in 
the  foot  system*" 

E*  Hhennan  Gould,  Yonkers,  N.  V, :  "  Tvet  me  premise  by  saying  that  T  belong 
to  the  class  which  perhaps  has  the  l*e8t  right  to  fortii  and  expre,^  an  opinion  on  the 
subject,  having  used  hoth  the  EJiglish  and  metric  systems  in  a  somewhiit  ex- 
teiidctl  engineering  praetitx^  at  home  and  abroad^  beginning  with  my  education  in 
a  Frf*nch  engineering  school. 

*'  If  wt*  wet^  to  adopt  the  metrie  syst/^in,  even  admitting  for  the  argumt^nt  that 
it  h  better  than  ours,  wc^  would  not  find  our  work  of  measuring,  recording  and  cal- 
eiilating  materially  lessened*     long  calculations  would  be  m  trotiblesome  and  as 
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liable  to  error  as  ever,  and  probably  the  majority  of  people,  not  specialists  in  any 
particular  art,  would  be  unable  to  say  which  they  preferred,  after  a  fair  trial. 

"  I  believe  the  radical  defect  of  the  metric  system,  pure  and  simple,  is  that  it 
proceeds  on  the  assumption  that  it  is  possible  to  ha\'e  one  imvarying  standard  of 
weighing  and  measuring  for  all  uses,  small  and  great.  You  might  as  well,  hyper- 
bolically  speaking,  ask  the  blacksmith  to  use  the  same  tools  as  the  carpenter,  and 
a  single  tool  at  that.  I  grant  that  if  we  must  have  the  same  yardstick  to  measure 
the  interstellar  spaces  and  the  eye  of  a  needle,  the  metric  system  is  as  good  as  any 
I  happen  to  know  of,  but  why  should  we  so  limit  ourselves?  I  think  it  is  charac- 
teristic of  the  grand  industrial  race  that  uses  English  measures,  that  each  trade 
uses  the  unit  and  subdivision  best  suited  to  its  purpose,  with  perfect  indifference 
as  to  whether  or  no  any  one  else  likes  it.  The  reproach  made  against  our  system 
on  the  grounds  of  its  complexity  seems  to  me  to  be  its  greatest  merit  from  the 
practical  point  of  view." 


FROM  "  PROCEEDINGS  "  OF  THE  ENGINEERS*  SOCIETY  OF  WESTERN  NEW  YORK, 

DECEMBER,   1902.  , 

Paper  by  Mr.  Chas.  H.  Tutton,  Vice-president.  "The  most  difHcult  part  of 
mathematics  for  students  to  grasp  is  decimals,  and  wherever  possible  they  are 
avoided  by  business  men,  and  educat<?d  gentlemen  though  you  are,  it  would  be 
perfectly  safe  to  assert  that  there  is  not  one  of  you  who  could  not  easily  be  made 
to  stumble  over  this  mode  of  calculation. 

'*  Looking  over  the  mstrio  system,  you  v.ill,  perhaps,  be  surprised  to  find  that  it 
is  not  so  simply  decimal  after  all. 

"The  unit  of  length  is  the  metre,  (39.37  inches  by  law). 

"The  unit  of  solid  measure  is  th(i  store,  and  is  one  cubic  metre  (35.317  cu.  ft.) 

"  The  unit  of  square  measure  is  the  are,  but  it  is  not  one,  but  10  metres  square 
(1076.4  square  feet.) 

"  The  unit  of  weight  is  the  gramme  (.0022  pounds  avoirdupois)  but  it  is  not  one 
cubic  metre,  but  one  cubic  ceiitimotre,  and  the  decagram,  or  t-en  grammes  is  not 
one  cubic  decimetre  althougli  it  is  ten  cubic  centimetres,  the  cubic  decimetre  being 
equal  to  1,000  grammes  or  one  kilogramme. 

"The  unit  of  dry  and  fluid  measure  is  the  litre  (.0353  cubic  feet),  but  it  is 
nf  ither  one  cubic  metre  like  the  unit  of  solid  measure,  nor  ten  cubic  metres  like 
the  unit  of  square  measure,  nor  one  cubic  centimetre  like  the  unit  of  weight,  but 
is  one  cubic  decimetre. 

"  In  fact,  the  l)ases  of  the  dififerent  weights  and  measures  are  as  variable  as  our 
own,  and  the  claimed  facility  for  theoretical  transformations  will  vanish  like  the 
dew  of  the  morning  when  brought  Ix'fore  th »  light  of  day. 

"  The  writ(T  has  transformed  a  gn^at  many  formulae  from  one  system  of  meas- 
ures to  another  and  knows  whereof  he  speaks." 

Mr.  S.  M.  Kielland.  (Discussion):  "We  know  that  Germany  is  a  very  disci- 
plinary countr\',  that  is,  they  introduce  a  measure  and  carry  it  through  by  govern- 
ment order — soldiers.  Still,  within  the  last  month,  there  hits  b'.»en  introduced  a 
motion  in  the  German  Reichstag  to  legalize  the  use  of  th?  half-pound  and  quarter- 
poiuid  as  part  of  the  national  .system  of  weights,  it  having  !)een  found  impossible 
to  familiarize  the  common  people  with  the  use  of  that  kind  of  unit  unless  divided 
into  halves  and  quarters. 
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"T  was  bom  in  a  country  where  a  bmarv^  Bystera  simKar  to  that,  of  Araprica  tfh 
day— poimds  and  fcset^was  changtfd  to  the  nu^trif  aystem,  *  .  ,  It  was  a  "erajie" 
when  some  years  ago,  nations  looked  to  Fraai-c:  for  pn^tty  nearly  eve ry thing  in 
flcientifip  lines.  .  .  .  Without  taking  time  to  look  into  tir  study  the  matter,  the 
metric  system  was  adopt^^d  by  all  of  the  leading  nations  of  Europe,  with  the  ex- 
ception of  the  Anj^lo-^feixon  nations  and  Russia.  When  I  wi^nt  over  to  Norway, 
Swedmt  and  Denmark,  a  hiw  yi^ars  ago,  aft^r  having  Ijeen  away  about  twenty-five 
yfiaR!,  r  found  the  common  or  old  im*4isurc5  as  w«ll  as  th*^  metric  mea^^ures  in  use 
by  tli)L>  oornmon  pt>ople,  eapecinlly  amongst  the  traders  and  peasantry.  Tht^  most 
of  their  trade  and  dcaliai;  is  done  by  the  old  s^^atem  the  same  im  they  used  to 
do  before  the  metric  system  was  adopted.  Of  eourse,  if  we  want  these  diffieul- 
tiea  and  compticationa  by  the  ust  of  two  or  more  sys terns  whicli  Mr.  Tutton  has  so 
well  point4?d  out,  we  can  have  them  by  making  use  of  the  metric  ayst-em  com- 
pulsory  in  the  United  States. 

**  America,  is,  tti-day,  a  mighty  nation.  We  are  taking  our  share, — pretty  near 
the  govt^rnings!iar€*,you  might  say, — from  one-half  to  one-third,  of  the  business  of 
the  world,  and  why  should  we  change  our  system  now?  Let  them  change  theirs 
to  ours.** 

Col.  Francis  G.  Ward.  (Discussion) :  *'  I  was  brought  up  under  the  metric  sys- 
tem, and  BO  might  differ  somewhat  from  the  gentlemen  as  to  the  application  of  it. 
I  resided  for  eight  years  in  a  country  wliere  the  people  were  familiar  with  Its  UBe. 
I  doubt  whether  it  is  advisable  to  adopt  it  in  the  United  States* 

"  Naturally j  whe-n  you  begin  to  comptire  it  and  translate  from  one  system  into 
aDOther,  you  meet  the  same  difficultiej?  as  traTislating  from  one  language  into 
mtother.  You  lostt  the  value  of  any  work  when  you  translate  it.  You  shoiild  be 
able  to  read  the  work  in  its  original.  The  system  that  we  have  lo  this  country  la 
the  old  English  syst<*m.     Good  enough  for  tts." 

The  following  resolution  was  offered^  duly  seconded  and  ummimomly  adopted: 

**  Rbsolv^ed,  that  the  secretary  of  the  Society  notify  our  membera  of  Cowgreaa 
that  in  the  opinion  of  the  members  of  the  Engineers'  Society  of  W^estem  New  York, 
the  passage  of  any  bill  making  the  *^  Metric  System  "  compulsory  in  thii*  country  is 
prematur^i  and  such  action  should  not  be  taken  without  full  and  free  discussion 
throughout  the  country," 
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*T  think  itwonld  be  deplorable  If  tliis  Sf>eievy  eliould  lend  itS4?lf  to  the  further 
introduetioa  of  this  syst^-m  in  this  country.  The  cost  would  be  enormous,  and 
we  should  in  the  matter  of  screw  threads  and  standard  gauges,  which  arp  now 
established  in  this  coimtry,  at  once  jilaee  ourselves  in  the  position  of  the  meehajii- 
eal  engineers  of  Europe,  who  have,  after  all  the  years  of  forced  legislation,  a  mixed 
^stem^  compared  to  whirh  Mr.  Siaitharti's  statement  eonceralng  the  different 
pouadSp  quarts,  yards  and  tons  in  our  system  l>eeomes  significant, 

*'  Mr,  Southard  says,  *  All  i^igree  that  a  yniv^ersal  system  is  most  desirable,  and 
all  agree  that  our  system  never  eau  becoin  *  universal,*  I  suppos^^  it  would  Ik?  ms 
Unixtftsally  conceded  that  a  uniform  langimg'?  would  also  be  desirable,  but  there 
are  some  desirable  things  that  cost  too  much  for  the  advantages  to  be  gained 
therefrom." 
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Report  of  the  Co3tfMiTTEE  on  Weights,  Measures  and  Coinage.      Pre- 
sented TO  THE  National  Academy  of  Sciences,  April  17,  1902. 

The  Committee  on  Measures,  Weights  and  Coinage,  to  which  was  referred  the 
letter  of  the  Honorable  J.  H.  Southard,  Chairman  of  the  Committee  of  the  House 
of  Representatives  on  Coinage,  Weights  and  Measures,  respectfully  report  as 
folloijs's : 

The  letter  of  Mr.  Southard  requests  the  opinion  of  the  academy  upon  two  points. 
The  first  of  these  is  whether  the  International  Metric  System  is  desirable  for 
general  us3  in  this  country. 

Your  committee  is  of  opinion  that  this  is  not  strictly  a  scientific  question. 
Undoubtedly  for  scientific  purposes  the  metric  system  is  preferred.  Certain 
unquestionable  conveniences,  not  of  the  highest  urgency,  would  attend  its  general 
use  for  most  purposes.  But  the  most  important  uses  of  any  system  of  weights 
and  measures  are  those  of  machinery,  of  the  railway  system,  of  mechanics  gen- 
erally. Here  we  have  to  distinguish  between  a  nominal  and  a  real  us2  of  the 
metric  system.  If  by  the  sole  use  of  the  standards  of  the  metric  system  be  meant 
that  measures  are  to  be  expressed,  so  that  when  an  inch  is  meant,  25.4  millimetres 
be  said  and  when  a  quarter  of  an  inch  be  meant,  it  be  called  6.35  millimetres,  the 
effect  would  be  considerable  inconvenience  and  nothing  more.  If  the  United 
States  Bureau  of  Weights  and  Measures  ceased  to  use  any  other  standards  than  the 
metric  ones  after  next  year,  the  result  would  be  to  lesson  the  utility  of  that  bureau, 
the  work  of  which  in  this  department  would  at  once  be  done  by  private  parties. 
It  does  not  seem  probable  that  even  the  most  ardent  adherents  of  the  m3tric  sys- 
Unn  would  voluntarily  call  an  inch  25.4  millimetres,  since  they  are  perfectly  free 
to  do  so  now.  It  is  certain  that  neither  the  practice  by  government  bureaus  of 
calling  an  inch  25.4  millimetres  nor  the  cessation  of  the  comparison  of  English 
standards  by  the  government  would  have  any  cfifect  whatever  upon  the  machinery 
and  railway  systems  of  the  country,  to  the  well-being  of  which  the  continuance  of 
the  real  employment  of  the  inch  is  vitally  necessary. 

But  if  the  government  of  the  United  StJites  proposes  to  enter  upon  a  warfare 
against  the  real  use  of  the  inch  in  machinery  and  the  railway  system,  we  must  say 
that  the  certain  cost  to  the  pi'ople  will  be  that  of  no  small  war,  and  the  issue  will 
be  as  uncertain  as  that  of  any  war.  The  mechanical  pre-eminence  of  the  United 
States  would  be  the  price  that  would  be  paid  for  success  in  this  struggle.  The 
advantiiges  of  it  would  be  insensible  to  ordinary  men. 

In  view  of  these  considerations  your  committee  is  constrained  to  advise  that 
the  abandonment  of  the  inch  is  distinctly  undesiral)le,  whether  an  abandonment 
in  words  or  in  fact  be  contemplated. 

Holding  these  vi<'ws  upon  the  first  question  submitted,  and  consequently  be- 
lieving that  no  real  ch.Mnp*  in  the  usapjes  of  life  would  take  place,  your  committee 
thinks  the  dates  at  which  the  clauses  of  the  proposed  act  would  go  into  effect  are 
quite  unimportant. 

As  to  the  educational  arp:uinent,  if  children  had  two  five-minute  lessons  daily 
in  weights  and  nieasun's.  it  is  certain  that  one  school  term  would  suffice  to  give 
scholars  a  far  better  acquaintance  with  both  syst<;ms  than  the  majority  of  edu- 
cated men  have  now.     Since  this  is  done  in  fact,  we  must  infer  that  this  matter 


COMMITTEE   REPORT   ON   THE  METRIC   SYSTEM.  707 

is  not  held  to  be  vitally  important  by  educators  and  therefore  not  so  important 
as  America's  position  in  the  struggle  for  trade. 

As  to  the  statement  that  no  nation  has  receded  from  the  metric  system,  we  arc 
informed  that  on  the  contrary  in  France  iteelf  the  English  system  of  screw  threads 
is  now  in  use,  and  a  struggle  is  going  on  which  may  ultimately  result  in  its  ex- 
clusive use  if  the  United  States  maintain  their  position. 


C.  S.  Peirce, 
Wm.  Sellers. 


Washmgton,  D.  C, 

April  17,  1902. 


APPENDIX  XVII. 
Earlier  American  Reports  on  the  Metric  System. 

FROM  A  pamphlet  ENTITLED  "  THE  COMPULSORY  INTRODUCTION  OP  THE  FRENCH 
METRICAL  SYSTEM  INTO  THE  UNITED  STATES."     PUBLISHED  BY  WILLIAM  SELLERS, 

1902. 

The  report  of  John  Quincy  Adams  in  1821,  and  the  reports  of  the  University 
Convocation  of  the  State  of  New  York,  1866  to  1872,  originat<^d  in  the  expectation 
that  the  French  metric  system  would  l>e  adopted,  but  the  investigations  of  both 
resulted  in  its  rejection.  These  show  that  at  no  previous  period  in  our  history 
was  it  believed  that  the  adoption  of  that  system  would  l)e  advantageous.  Since 
then  the  development  of  our  mechanic  arts  has  been  enormous,  and  it  will  not  Ini 
pretended  by  any  one  that  a  decimal  systt»m  of  metrology  would  be  as  desirable  in 
these  arts  as  our  binary  divisions  and  our  duodecimal  measures.  It  would  seem, 
therefore,  that  at  no  futun*.  period  could  it  be  expected  that  a  purely  decimal  sys- 
tem of  metrology  would  be  acceptal)le.  For  this  government  to  adopt  alone  any 
modified  metric  system,  would  be  to  provide  additional  varieties  of  weights  and 
measures  which  would  probably  find  few  users. 


APPENDIX  XVIII. 

The  Purpose  and  Effect  of  the  Pkcjposkd  Legislation  in  Favor  of  tiik 

Metric  System. 

In  Mareh,  1896,  the  Coniniit toe  of  (V)inMg(\  Weights  and  Measures  introduced 
in  the  House  of  Kepresentatives  i\  hill  providing: 

'*1  That  from  and  after  the  first  day  of  .luly.  ISOS,  all  the  departments  of 
the  govenunent  of  the  Tnited  Stat<'s,  in  transaction  of  all  business  n'(jniring  the 
use  of  weight  and  measurement,  except  in  completing  the  survey  of  th<'  public 
lands,  shall  employ  and  use  only  tlie  wei<rlits  and  measures  of  the  Tn<'tric  system. 

"2  That  from  and  after  the  first  day  of  .hiiniary,  1901,  the  metric  system  of 
weights  and  measures  shall  be  the  onhj  Injul  system  of  weights  and  measures  recog- 
nized in  the  United  States." 
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The  lull  intnxiuced  in  the  House  of  Repre^ntatives  in  1902,  and  withdrawn 
in  Felmmn-,  HK)3,  with  the  intention  of  introducing  it  at  the  next  session  of  Con- 
pn^ss,  is  the  same  hill  with  the  dates  ISIKS  and  1901  changed  respectively  to  1904 
and  UK)7,  exivpt  that  the  wx>rd  ''only  ''  in  the  second  clause  Is  omitted,  the  word 
** standard  "  is  suhstituttni  for  "  system,"  and  **  of  and  in  ''  for  "  recognized  in." 

The  ditTeriMuv  Ix-twtH^n  the  two  hills  is  that  the  first  proWdes  that  the  metric 
system  shall  1h^  **  the  only  legal  system."  and  the  s?cond  pro\'ides .that  it  shall  be 
**  tln^  leg:U  standanl." 

The  acknowltHigiHi  a>mpulsi>rv  feature  of  the  bill,  namely,  that  the  government 
must  usi*  the  m.nrio  system  v^'x^^'^pt  »"  the  public  land  sur\-e\-s)  means  that  all 
meastm^nentii  in  o^uuraots  entervni  into  by  private  citizens  for  government  work 
shall  Ix*  expn^«*xi  in  tonus  of  the  nu^ric  units.  This  would  cause  existing  stand- 
ani  sizi^s  to  U^  e\pi\\«*Hl  in  equivalent  metric  terms,  with  the  resulting  incon- 
wnienci*  and  confusion,  or  else  new  sptH'ifications,  drawings,  patterns,  gauges,  etc. 
nuist  U*  pn^jvinni  to  acoinumixlato  tht»  sizi^  to  Cl>n^•enient  exact  metric  dimen- 
sions. This  e\iiVntly  invohTs  thi^  al>andonment  of  existing  standards,  a  matter 
i>f  si^rious  imjHirtance,  esptH»ially  in  the  Navy  IVpartment. 

If  any  <HHifusion  exists  in  our  English  s\-stem  from  haA-ing  too  many  units  of 
kMigth«  weight  and  \\>lume.  the  confusion  would  only  be  added  to  by  having  the 
g^nvmuH^ni  ii*^  a  diffennit  system  of  measurennnt  from  the  rest  of  the  people. 


FRv^M  AN*  KI^m^RlAl.  IV  TOF.  "  AMKRICAX  yAiTIIVlST."  lI.\RrH  20,    1903. 

IMnvtor  S.  \V.  St  rat  ton  of  tl^^  National  Bun\*iu  of  Siandaivls,  favcws  the  pend- 
ing bill,  but  lvd*x^  no;  lx\unv  in  ar.\  attempt  to  make  the  u:«%:'of  the  metric sn^'stem 
i\*n^p\jl^>ry  nor  in  tl^^  jv>ssiiMii;yo!  loinsiation  Kx^king  to  thai  end  lieingenfocted; 
but  Ix^  Ix^liovx^  tht^  pi\-s:^r.:  biiis  an^  IxMu^fttvut  Ixvause  they  prv»\ide  that  after  a 
cn^nain  da  to  tlx^  l'nr<\i  S:at<^  in^\-on.n>t  nt  shall  ix>»nx*  a  large  buyer  of  tools 
a«d  nwchiix^r>-  mavit^  in  a^w^niaiuv  w;:h  :  V  r.i-.^:rio  <>^tom.  Of  course,  the  gov- 
cninx^ni  will  |vay  :\>r  tV.^s  nork.  a:^d  ,-4^*  \\h.^  ii.i  .iix^r.  it  will  jx*  upon  an  equal  foot- 
ing. iai>  far  as  th*^  \j^^  tV  ;?x^  r.y.r-o  sv-su  :v.  is  iv.r;ixni*xi.  A:.i  can  make  their  esti- 
nwit*^  aiHJ  bixis  ir.  a*\x>TvUr.*v  ^-ith  >^Via:v\vT  <  \*rs  i\T*:r.5e  may  be  entailed 
tb»^f\'4*> .  T^*;js>.  tb«^n.  r.-ianai'acTiin-rs  wi'.'.  ly  'j\^ui  V>  :*>:  £v^\^mment  for  the 
^s^-.ii^vtvi^l  iKii  Mr  ^^Ta;:*^!!  arM  :r,A:\v  o:htrs  Iv".:;--;  ^"i/.  •v^-vroe  inciessingiy 
I'MW-'Ssan  or  iT^nv^mau:  to  tbf  A:r5fr..ar.  :v.Av...':u:.:rjT  -.r.  :ArT>-ing  on  his  foreign 

TV  :v::.\:r.i>  "  <i:^':v>  **!"•;>  :■'  v'^V.   .:  -.-"\"-.-r;.A";;  /^.:^:&::lal!«^0Q5  for  manu> 

•.'..:  .-».->  .r  .'.     ;  -i^-:':-.  tV.-:  V  .    :•■.  "^  ••.:  >  v-   ■•■—.-•:■.:  r»  :.;r  a  v-^-nain  date  tosup> 
y>';.  :r     '.^     ■'■  :   '. -       -.  -.^  .-   ■  -  —  <      l^  •  ■•  -  /.-;.  *-.-i-.ic.:p in ihaa? f 


•m-h      .  o.  ^  •  tf     "If      . 
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FROM  THE  OPINION  (nON-OPPICIAL)  OP  ATTORNEY-GENERAL  KNOX,  PEBRUARY  24, 

1902. 

(American  Machinist,  March  20,  1903.) 

The  purpose  and  effect  of  each,  of  these  bills  is  to  establish  the  metric  system 
as  the  legal  standard  of  weights  and  measures  in  the  United  States,  and  to  require 
all  government  departments  to  use  only  that  system,  except  in  completing  the 
survey  of  the  public  lands.  This-  comes  far  short  of  attempting  to  compel  the 
people  to  use  only  that  system,  or  prohibiting  to  them  the  use  of  any  other  or 
making  invalid  contracts  expressed  in  other  terms.  Indeed,  as  each  bill  prohibits 
to  the  departments  the  use  of  any  other  system,  by  a  familiar  rule  of  construction 
this  will  be  taken  as  the  only  prohibition  intended,  and  it  will  end  there. 

But  a  negative  answer  to  your  question  does  not  depend  upon  a  mere  rule  of 
interpretation,  but  is  based  upon  much  broader  grounds.  The  result  referred  to — 
the  making  contracts  illegal  for  this  cause — can  be  accomplished,  if  at  all,  only  by 
clear  provision  to  that  effect,  and  there  is  nothing  of  that  kind  in  either  of  these 
biUs,  which,  aa  to  this,  merely  declares  that  a  system  different  from  that  now  in 
common  use  shall  be  the  legal  standard.  This  by  no  means  declares  that  no  other 
system  shall  be  legal  or  be  used. 

The  terms,  figures  and  characters  in  common  and  almost  universal  use  in  our 
system  of  weights  and  measures  are  just  as  much  parts  of  the  English  language  as 
is  any  other  portion  of  that  language,  and  to  forbid  to  the  people  their  use  would 
require  as  clear  an  expression  of  the  legislative  will  as  it  would  to  forbid  the  use  of 
that  language  in  other  matters,  even  if  that  would  be  effective.  It  may  well  be 
doubted  if  it  would  \>e  within  the  competency  of  Congress  to  forbid  to  the  people, 
for  this  or  for  any  other  legitimate  purpose,  the  use  of  this  or  any  other  portion  of 
the  language  in  which  our  Constitution,  our  laws  and  our  literature  are  written, 
and  in  which  we  orally  express  our  thoughts  and  feelings.  I  cm  of  opinion  that 
neither  of  the  bills  referred  to,  if  c^nactcd  into  law,  would  at  all  affect  the  legality 
or  validity  of  any  contract  thereafter  niad<^  because  expressing  its  stipulations  as 
to  weight  or  measure  in  terms  other  than  those  of  the  metric  system. 

Kespect  fully, 

(Signed)  P.  C.  Knox, 

Attorney  General. 


,  PROM   A    PAMPHLET   BY   WILLIAM   SELLERS,    1902,. 

What  object  have  the  advocates  of  the  metric  system  for  inserting  this  clause 
concerning  d<»partnients  in  the  hill;  simply  that  Congress  could  enforce;  the  law 
upon  its  departments,  and  the?  introduction  there  would  react  upon  the;  country 
at  large,  to  indueci  a  more  extended  use  of  it.  Tlie  argument  already  stated 
against  the  destruction  of  the*  inch  standard,  is  just  a,s  important  for  the  depart- 
ments of  the  United  States  engajrc^l  in  nieclianical  pursuits  as  it  is  for  similar  [)ur- 
suits  throughout  our  country.  Such  legislation  in  favor  of  the  French  system  of 
metrology,  at  a  time  when  our  mechanics  are  more  than  satisfied  that  our  own 
basis  of  measurements  is  superior  to  the  French,  is  unwise. 
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APPENDIX  XIX. 
Concerning  Compulsory  Legislation. 

There  is  considerable  difference  of  opinion  as  to  whether  it  was  the  intention  of 
the  framers  of  the  bill  before  the  last  Congress  that  it  should  make  the  metric 
system  compulsory  upon  the  people  of  the  United  States. 

The  original  bill, introduced  in  1896, said:  "That  from  and  after  the  first  day 
of  January,  1901,  the  metric  system  of  weights  and  measures  shall  be  the  only 
legal  system  of  weights  and  measures  recognized  in  the  United  States " ;  and  the 
bill  of  1902  (H.  R.  No.  123)  said  the  metric  system  "shall  be  the  legal  standard  of 
weights  and  measures  of  and  in  the  United  States."  Attorney-General  Knox 
says  "  this  comes  far  short  of  attempting  to  compel  the  people  to  use  only  that 
system." 

Mr.  Southard,  Chairman  of  the  Committee  of  Coinage,  Weights  and  Measures, 
however,  at  the  hearing  before  the  committee  in  Washington  (see  Mr.  Halsey's 
paper,  p.  620),  said  that  "the  people  would  have  to  adopt  the  syBtem  after 
1907." 

If  it  was  not  intended  that  the  system  be  made  compulsory  then  why  was  not 
the  last  clause,  in  which  the  words  "the  legal  standard"  occurs,  stricken  out  of 
the  bill? 

Mr.  Southard  was  asked  this  question  during  the  discussion  at  the  New  York 
meeting  of  the  A.  S.  M.  E.  (Mr.  Halsey's  paper,  p.  612),  and  he  replied: 

"It  is  possible  that  the  gentleman  who  introduced  the  bill  thought  it  might 
have  some  effect.  I  do  not  suppose  there  would  be  any  objection  to  eliminating 
these  words.  It  certainly  can  have  no  effect  so  far  as  compelling  anybody  con» 
cernod,  and  it  is  a  self-evident  proposition  to  me  that  without  some  kind  of  a 
penalty  for  a  violation  of  its  provisions  it  could  not  be  deemed  compulsory." 

If  this  clause  of  the  bill  is  not  compulsory,  and  if,  as  Attorney-General  Knox 
appears  to  hold,  no  bill  making  the  metric  system  the  legal  standard  or  the  only 
legal  standard  can  by  any  act  of  Congress  be  made  compulsory  upon  the  people, 
why  is  not  the  clause  stricken  out?  Why  should  Congress  be  asked  to  pass  a  bill 
which  the  highest  legal  authority  shows  will  be  a  dead  hotter  ? 

But  if  the  clause  is  stricken  out,  what  remains  of  the  bill?  An  act  making  it 
compulsory  upon  the  departments  of  the  government  to  use  the  metric  system 
after  January  1,  1904.  And  for  whose  benefit,  and  for  what  end?  Not  for  the 
benefit  of  the  departments  or  of  the  government  as  a  whole.  They  have  not 
asked  for  the  bill.  It  will  confessedly  entail  upon  the  government  a  gre^  expense 
and  trouble,  and  it  will  make  trouble  for  ever>'  one  who  bids  on  a  government 
contract.  It  will  cause  the  go\'eniinent  to  use  in  all  its  commercial  transactions 
a  different  language  from  that  of  the  poopl(\ 

Why  should  Congress  pass  a  law,  not  demanded  by  the  departments  or  by  the 
people,  which  will  give  the  government  and  those  who  deal  with  the  government 
so  much  trouble,  with  no  compensating  advantage  whatever?  Merely  because 
the  metric  advocates,  a  very  small  fraction  of  the  people,  who  have  been  conduct- 
ing a  metric  propaganda  for  thirty  years,  wish  the  government  to  imdertake  the 
education  of  the  people  in  a  system  of  weights  and  measures  which  the  people  do 
not  want.     They  wish  as  they  say  to  "  try  it  on  the  dog." 

John  Quincy  Adams,  in  his  report  in  1821,  said : 
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The  power  of  the  legislator  is  limited  over  the  will  and  actions  of  his  subjects. 
His  conflict  with  them  is  desperate  when  he  counteracts  their  settled  habits, 
their  established  usages,  their  domestic  and  individual  economy,  their  ignorance, 
their  prejudices  and  their  want«,  all  which  is  unavoidable  in  the  attempt  radically 
to  change  or  to  originate  a  totally  new  system  of  weights  and  measures. 


APPENDIX   XX. 
Conclusions  .—  From  Mr.  Halsey's  Paper. 

1  As  shown  by  the  experience  of  other  countries,  the  change  of  a  people's  sys- 
tem of  weights  and  measures  is  a  task  of  enormous  difficulty  and  is  attended  by 
widespread  confusion.  It  may  then  be  considered  as  proven  that  with  us,  and 
especially  without  general  compulsory  laws,  which  the  metric  advocates  dbclaim, 
the  transition  period  will  last  for  a  century. 

2  The  adoption  of  the  metric  system  involves  the  destniction  of  all  mechanical 
standards,  meaning  by  that  term  the  retirement  of  the  inch  and  the  substitution 
therefor  of  the  millimetre. 

3  The  prosperity  of  our  foreign  trade  in  no  wise  requires  the  adoption  of  the 
system  as  a  basis  of  manufacture. 

4  The  bill  now  before  Congress  is  a  compulsory  measure  so  far  as  it  relates  to 
those  who  do  business  with  any  of  the  departments  of  the  government. 

APPENDIX    XXI. 
What  is  the  Use  of  Further  Argument  ry  the  Metric  Advocates? 

There  has  been  more  or  less  agitfttion  of  the  metric  system  by  its  advocates  in 
the  United  States  for  over  eighty  years — ever  since  1817,  when  John  Quincy 
Adams,  then  Secretary  of  State,  was  asked  to  report  to  the  Senate  upon  the  sub- 
ject. For  the  last  thirty  years  the  agitation  has  boen  acute.  Societies  have  been 
formed  to  carry  on  the  agitation,  and  many  bills  have  been  introduced  in  Congress 
with  the  intention  of  forcing  the  ni(»tric  syst<'m  upon  the  fK'ople  of  the  United 
States,  but  A^ith  no  result  except  to  continue  the  agitation. 

It  now  appears,  according  to  the  opinions  of  the  Attorney-General,  of  the 
chairman  of  the  Coniniittee  of  Coinage,  Weights  and  Measures,  and  of  many  of 
the  best  informed  of  the  metric  advocates  that  it  is  not  within  the  power  of  Con- 
gress to  enact  any  valid  law  making  the  metric  system  compulsory  on  the  people 
of  the  United  States. 

It  also  appears  that  the  people  of  no  nation  have  ever  changed  their  system  of 
weights  and  measun's  voluntarily.  Tho  metric  system  has  been  brought  into 
use,  in  those  countries  which  have  adopted  it,  only  by  compulsory  legislation. 

The  people  of  the  United  States  have  been  born  and  brought  up  under  the  Eng- 
lish system.  It  is  part  of  their  daily  life  and  habit.  No  power  on  earth  can  force 
the  American  carpenter  to  give  up  his  two-foot  rule.  He  will  not  give  it  up  of  his 
own  free  will.  English  measures  of  length  are  "  tied  irrevocably  to  the  past." 
The  American  people  cannot  give  them  up  if  they  would. 

Even  if  the  metric  system  were  far  superior  to  the  English  system,  which  it  is 
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not,  and  even  if  it  were  possible  to  enforce  it  by  compulsory  legislation,  which  it 
is  not,  the  enormous  cost  of  introducing  it,  the  vast  trouble  and  confusion  it  would 
cause  during  the  transition  period  for  at  least  two  generations,  the  abandonment 
of  our  mechanical  standards,  upon  which  are  based  the  present  system  of  inter- 
changeability  of  parts  of  manufactured  articles,  the  making  worthless  of  the 
greater  portion  of  our  technical  literature,  make  the  price  too  great  to  pay  for  any 
advantages,  real  or  supposed,  of  the  metric  system. 

The  voluntary  adoption  by  the  people  of  the  United  States  of  the  metric  system 
of  weights  and  measures  is  no  more  probable  than  their  adoption  of  the  French 
language.  It  cannot  be  forced  on  them  by  law.  Further  discussion  of  the  sub- 
ject therefore  is  merely  academic;  it  can  result  in  nothing  practical.  Would  it 
not  be  well  now  for  the  metric  advocates  to  drop  the  subject,  and  devote  their 
ability  and  energy  to  some  less  visionary  reform,  such  as  the  improvement  of 
English  spelling,  or  the  unification  of  the  coinage  and  currency  of  all  nations? 
Too  much  time  has  already  been  wasted  in  discussion  of  the  metric  system.  Let 
the  case  be  closed. 
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No.  973.* 

FINAL  REPORT  OF  THE  COMMITTEE  APPOINTED 
TO  STANDARDIZE  A  SYSTEM  OF  TESTING 
STEAM  ENGINES.^ 

To  The  American  Society  of  Mechanical  Engineers. 

Gentlemen:  The  undersigned  Committee,  appointed  in  June, 
1898,  to  codify  and  standardize  the  methods  of  making  engine 
tests,  report  as  follows  : 

The  ultimate  object  of  an  engine  test,  using  the  term  in  its 
most  important  sense,  is  the  determination  of  the  economy  with 
which  the  engine  produces  a  given  amount  of  power.  In  steam 
engines  the  economy,  as  usually  ascertained,  relates  to  the  weight 
of  steam  consumed,  or  to  the  quantity  of  coal  required  to  make 
the  steam,  or  to  the  number  of  heat  units  supplied ;  while  in  other 
heat  engines  it  relates  to  the  amount  of  gas,  oil,  or  other  fuel 
burned.     The  elementary  quantities  concerned  are  thus  two  in 

*  Presented  at  the  New  York  meeting  (December,  1902)  of  the  American  Society 

of  Mechanical  Engineers,  and  forming  i)art  of  Volume  XXIV.  of  the  Trans- 
actions, 
\  For  farther  discussion  on  this  topic  consult  Trniuactions  as  follows  : 

No.  859,  vol.  xi.,  p.  73  :  *'  TabU's  of  tlie  Proj)ertios   of  Steam.     Their  Use   in 
Study  of  Steam-englni*  Experiments."     V.  Dwolshauvers-Dery. 

No.  381,  vol.  xi.,  p.  6.')4  :  "  Report  of  Committee  on  a  Standard  Method  of  Con- 
ducting Duty  Trials  of  Pumping  Engines." 

No.  381,  vol.  xii.,  p.  530  :  Revised  Report  as  ai)ove. 

No.  451,  vol.  xii.,  p.  790  :  "  Application  of  Ilirn's  Analysis  to  Engine  Testing.** 
R.  C.  CarjMjnter. 

No.  44S,  vol.  xii.,  p.  740  :  "  Application  of   Ilirn's  Analysis  to  Multiple-expan- 
sion Engines.'*    Cecil  II.  Peabody. 

No.  552,  vol.  xiv.,  p.  1312  :  "  Report  of  tin;  Committee  on  a  Standard  Method  of 
Conducting  Locomotive  Tests." 

No.  dOl,  vol.  XV.,  p.  1103  :  "  Heat  Units,  and  Specifications  for   Pumping  En- 
gines."    A.  F.  Hall. 

No.  781,  vol.  xix.,  p.  713  :  "  Plea  for  a  Standard  Method  of  Conducting  Engine 
Tests."    Geo.  II.  Barrus. 

No,  786,  vol.  xix.,  p.  828  :  '*  Extension  of  the  Standard  Uniform  Methods  of  Con- 
ducting and  Reporting  Steam-engine  Tests,"     Hryan  Donkin. 
46 


714   REPORT  OF  COMMITTEE  OX  STANDARDIZING  EXGENK  TESTS. 

number ;  viz.,  the  amoant  of  steam,  f ael,  or  heat,  as  the  case  may 
}ye,  consumed,  and  the  amount  of  power  developed.  How  to  de- 
termine these  (quantities  and  to  systematize  the  work  in  such  a 
way  as  to  serve  as  a  standard  method  of  test  is  the  leading 
problem  l)efore  us. 

It  is  evident  that  the  stamhirdizing  of  methods  of  test  should 
be  of  such  scope  as  not  only  to  make  rules  for  obtaining  the 
necessary  data  and  working  out  the  results,  but  to  determine  a 
standard  form  of  expressing  the  results,  and  standard  units  in 
which  they  should  be  stated.  Furthermore,  the  scheme  pro- 
posed should  l>e  broad  cuough  to  apply  to  all  the  principal 
classes  of  engines,  whatever  the  nature  of  their  service  in  prac- 
tical work,  and  do  this  not  only  in  a  scientific,  but  in  a  prac- 
tical way,  without  conflicting  with  the  recommendations  of 
former  committees  of  tlie  Society  relating  to  pumping-engine 
tests,  locomotive  tests,  a:id  boiler  tests.  In  short,  the  work  of 
the  committee  shouM  l>e  one  of  systematizing  the  whole  subject 
of  engine  and  stoam-plant  testing.  With  this  end  in  view 
they  offer  the  report  of  their  labors. 

1.  As  a  first  step,  selection  must  be  maile  of  the  units  upon 
which  the  results  of  a  staudard  test  should  be  based,  and  the  form 
in  which  the  results  should  be  expressed.  The  only  common 
ground  on  which  the  various  classes  of  heat  engines  stand  is 
that  every  one  depends  for  its  operation  upon  the  use  of  heat 
Whether  em])loyed  tlirout^h  the  medium  of  combustion  of  fuel 
in  a  boiler  furnace,  or  combustion  in  the  interior  of  the  engine 
cylinder,  the  active  energy  has  its  origin  in  heat.  Fuels  are 
proverbially  of  uncirtain  quality,  whatever  their  chiss.  Steam 
boilers  are  of  variable  efficiency,  even  with  fuels  of  identical 
quality.  In  a  steam  engine  the  weight  of  steam  consumed 
is  an  unsatisfactory  measure  of  performance,  for  the  reason  that 
the  true  thermal  economy  is  affected  by  the  amount  of  the  initial 
pressure,  by  the  quality  of  the  steam,  and  by  the  disposition 
which  is  made  of  the  ngected  heat  of  the  engine  Measurement 
on  the  heat-unit  basis  takes  account  of  all  these  variables.  It 
soeras  to  be  a  foregone  conclusion,  therefore,  that  the  standard 
of  consumi)tion,  not  only  for  steam  engines,  but  for  all  classes 
of  heat  engines,  should  be  referred  to  heat  units. 

The  unit  of  mechanical  power  almost  universally  adopted  is 
the  "  horsepower,"  and  by  common  agreement  it  is  a  satisfac- 
tory unit  expressive  of  the  power  devf'     ed  by  an  engine.     If  it 
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were  possibla  in  every  case  to  determiue  the  useful  power 
delivered  by  an  engine^  or  what  in  termed  in  some  instances  the 
**  brake  hors^^e-power/*  there  would  be  good  ground  for  makinf^ 
the  on  it  the  delivered  power ;  but  such  deterroi  nations  are 
rarely  feasilde.  l)ii  the  other  hand,  it  is  not  alwajK  possible  to 
obtain  the  indicated  horse-power,  as,  for  exaa^ple,  in  tljo  case  of 
steam  tiirbiuGa.  It  is,  therefore,  necessary  to  employ  two  units 
of  power ;  viz.,  the  indicated  and  the  brake  Imrse-powor. 

The  expressions  of  engine  economy  whicli  meet  all  the  re- 
quirements noted  are  the  number  of  heat  units  consumed  per 
hour,  both  per  indicated  and  per  brake  horse  power,  and  these 
we  recommeud  as  the  desired  standards  of  comparison.  The 
heat-unit  standard  does  not  interfere  in  any  way  with  the 
common  terms  of  expressing  eeonomj  of  engines*  The  Iiourly 
weights  of  coal,  gas,  oil,  or  other  fuel,  or  weight  of  steam 
consumed  per  horse-power,  heretofore  commonly  employed, 
are  additional  forms  of  Etating  economyj  and  are  none  the  less 
useful  within  their  limitations.  They  should  by  no  means  be 
abandoned*  Neither  should  the  standard  forms  recommended 
for  expressing  the  duty  of  pumpinj:^  engines,  or  the  efficiency  of 
loeomotivea,  previously  accepted  hj  the  Society,  be  changed, 
as  they  do  not  conflict  with  the  proposed  new  standard.  In 
the  scheme  now  presented  by  your  Committee  these  additional 
or  subsidiary  forms  of  stating  economy,  as  applied  to  particular 
classes  of  engines,  are  suitably  provided  for. 

The  heat-unit  expression  of  economy  does  not  in  itself  show 
whether  the  engine  is  working  to  its  beat  advantage  any  more 
tliau  the  expression  of  the  steam  consumption;  this  must  be 
determined  by  an  analysis  of  the  conditions  as  to  initial  and  final 
pressures,  cut-off,  etc.,  under  which  the  engine  works. 

2.  The  heat  consumption  of  a  steam-engine  plant  required  for  the 
standard  test  is  ascertained  by  measuring  the  quantity  of  steam 
consumed  by  the  plant,  calculating  the  total  heat  of  the  entire  quan- 
tity, and  crediting  this  total  w^ith  that  portion  of  the  heat  rejected 
by  the  plant,  which  is  utilized  and  returned  to  the  boiler.  The 
term  *^  engine  plant*'  as  here  used  should  include  the  entire  equip- 
ment of  the  steam  plant  which  is  concerned  in  the  production  of 
the  power,  embracing  the  main  cylinder  or  cylinders ;  the  jackets 
and  reheaters ;  the  air,  circulating,  and  boiler  feed  pumps,  if 
steam  driven ;  and  any  other  steam-driven  mechanism  or  auxil- 
iaries necessary  to  the  working  of  the  engine.     It  is  obligatory 
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to  thus  charge  the  engine  with  the  steam  used  by  necessary 
auxiliaries  in  determining  the  plant  economy,  for  the  reason  that 
it  is  itself  finally  benefited,  or  should  be  so  benefited,  by  the 
heat  which  they  return ;  it  being  generally  agreed  that  exhaust 
steam  from  such  auxiliaries  should  be  passed  through  a  feed- 
water  heater,  and  the  heat  thereby  carried  back  to  the  boiler 
and  saved. 

The  heat  consumption  of  gas  and  oil  engines  of  the  internal 
combustion  class  is  found  by  ascertaining  the  total  heat  of 
combustion  of  the  particular  fuel  used,  which  should  be  deter- 
mined by  a  calorimeter  test,  and  multiplying  the  result  by  the 
quantity  of  fuel  consumed.  In  determining  the  total  heat  of 
combustion,  no  deduction  is  made  for  the  latent  heat  of  the  water 
vapor  in  the  products  of  combustion. 

3.  The  indicated  horse-power  for  the  proposed  standard  is 
that  determined  by  the  use  of  steam-engine  indicators.  It 
should  be  confined  to  the  power  developed  in  the  main  cylinder 
or  cylinders,  and  should  not  include  that  developed  in  the 
cylinders  of  auxiliaries. 

We  do  not  recommend  any  special  make  of  indicator  or 
special  method  of  applying  and  operating  the  instrument  It 
is  of  the  greatest  importance  that  the  indicator  itself  and  the 
mode  of  using  it  shall  be  correct  and  pass  the  necessary  test 
for  Reliability  demanded  by  correct  work. 

4.  We  have  given  due  attention  to  the  report  of  the  committee 
appointed  by  the  Institution  of  Civil  Engineers,  of  London,  to  con- 
sider and  report  upon  the  subject  of  the  "  Definition  of  a  Standard 
or  Standards  of  Thermal  Efficiency  for  Steam  Engines,"  published 
in  Proceedings,  1898,  which  recommends  a  heat-unit  standard  sim- 
ilar to  that  proposed  by  your  Committee.  The  British  standard 
takes  no  account  of  the  steam  used  by  steam-driven  auxiliaries, 
and  it  assumes  the  ideal  condition  that  the  beat  rejected  by  the- 
engine  and  returned  to  the  boiler  is  that  corresponding  to  the 
pressure  of  the  steam  in  the  exhaust  pipe,  irrespective  of  the 
actual  means  employed  for  utilizing  the  rejected  heat.  This 
basis  of  efficiency  furnishes  a  useful  means  of  comparing  the 
economy  of  different  engines  in  themselves,  and  of  the  same 
engine  under  different  conditions,  all  questions  regarding  aux- 
iliaries and  the  efficiency  of  appliances  used  for  heating  the 
feed  water  being  treated  separately. 

We  have  embodied  the  British  standard  in  this  code,  but  we 
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Gonsiiler  that  in  most  cases  sufficient  accuraoj  will  be  obtained 
by  taking  the  heat  returned  to  the  boiler  ae  that  corresponding 
to  the  temperature  of  steam  at  the  pressure  of  the  atmosphere  for 
non-condensing  engineSj  and  to  the  vacuum  in  the  condenser 
for  condeBsixig  engines,  in  place  of  that  corresponding  to  the 
pressure  in  the  exhaust  pipe. 

5.  We  have  chosen  as  one  of  the  important  subsidiary  forms 
of  expressing  efficiency  that  based  on  a  so-called  ''standard 
coal''  unit.  The  assumption  is  made  that  the  heat  consumed 
by  the  engine  is  generated  from  Coal  of  a  fixed  heat  value,  as 
implied  by  the  term  "  standard  coaL" 

The  term  "  standard  coal "  refers  to  a  coal  which  imparta  to 
the  steam  10,000  British  thermal  units  for  each  pound  of  the 
dry  coal  consumed.  It  is  coal  having  a  calorific  value  of  12,500 
British  thermal  units  used  in  what  may  l)e  termed  a  **  standard 
boiler j^'  which  gives  an  efficiency  of  80  per  cent,  (referred  to  the 
coalj.  Although  chosen  arbitrarily,  these  fignr.^s,  as  a  matter 
of  fact,  apply  closely  to  the  average  coalu  of  the  United  States, 
and,  furthermore,  the  latter  figure  is  in  accord  with  that 
adopted  by  the  Locomotive  Tent  Committee* 

6,  In  carrying  forward  our  work,  the  general  plan  followed 
is  I  first,  to  satisfy  the  special  object  in  view,  that  is,  to  lay 
down  the  form  of  test  which  shall  serve  as  a  standard  for  all 
steam  engines,  wliatever  their  service,  viz,,  the  heat- unit  test ; 
second,  to  supplement  the  standard  system  thus  framed  with 
provisions  for  systematically  determining  other  forms  of  ex- 
pressing efficiency  of  steam  engines,  as  in  cases  where  it  is 
desired  to  base  the  economy  on  the  steam  or  fuel  consuraption  ; 
thirdj  and  as  a  further  supplement,  to  standardize  the  methods 
of  testing  steam  engines  and  resnlts  obtained  with  reference  to 
their  particular  service,  so  far  as  this  \u%s  not  heretofore  been 
accomplished;  and  fourth,  to  systematus©  the  work  of  testing  gas, 
oil,  and  other  iuternal  combustion  engines.  The  tables  of  data 
and  results  which  are  recommended  are  planned  accordingly. 

Although  engine  testing  is  a  species  of  scientific  investigation, 
we  have  kept  in  mind  the  fact  that  the  one  thing  of  highest 
importance  is  the  practical  result  secured,  not  alone  by  the 
engine,  but  by  the  auxiliaries  as  well  We  have  thus  viewed  the 
subject  from  the  standpoint  of  the  owner  and  user.  At  the  same 
time  we  have  endeavored  to  secure  a  plan  of  such  breadth  that 
whatever  the  special  object  of  the  engine  test,  wdiether  it  be  a 
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scientific  inyestigation,  a  practical  determination  of  every-day 
performance  in  the  interest  solely  of  the  owner  of  the  engine,  who 
must  defray  the  expenses  of  its  operation,  or  a  test  in  the  interest 
of  the  engine  builder,  with  the  object  of  showing  the  capability 
of  the  machine  and  using  this  information  for  purposes  of  ad- 
vertising and  trade,  it  will  prove  sufficient  and  suitable  for  all. 

7.  To  make  the  work  complete,  attention  has  been  given  to 
the  subject  of  commercial  tests  of  steam  engines  ;  that  is,  to 
coal  tests  of  the  combined  engine  and  boiler  under  conditions  of 
commercial  use.  Such  tests  are  of  the  greatest  important  to 
the  user  of  a  plant,  and  they  demand  consideration. 

8.  In  treating  of  the  subject  of  engine  testing  as  relating 
primarily  to  the  determination  of  matters  of  economy,  it  must 
not  be  forgotten  that  capacity  is  often  of  even  greater  impor- 
tance than  economy.  In  that  large  class  of  steam  engines 
which  are  required  to  run  at  a  certain  limited  and  constant 
speed,  there  should  be  a  considerable  reserve  of  capacity  be- 
yond the  rated  power.  It  is  our  recommendation  that  when  a 
steam  engine  is  operating  at  its  rated  power  at  a  given  pressure 
there  should  be  a  sufficient  reserve  to  allow  a  drop  of  at  least 
1 5  per  cent,  in  the  gauge  pressure  without .  sensible  reduction 
in  the  working  speed  of  the  engine,  and  to  allow  an  overload  at 
the  stated  pressure  amounting  to  at  least  25  per  cent. 

9.  Having  thus  briefly  referred  to  the  leading  features  of  the 
work,  the  Committee  beg  to  submit  their  conclusions  in  the  fol- 
lowing Code  of  Rules  and  Tables. 

Respectfully  submitted, 

George  H.  Barrus,  ^ 
Francis  H.  Boyer, 
Bryan  Donkin,* 
D.  S.  Jacobus,  j 

George  Richmond,    j 


-    Committee. 


*  Mr.  Donkin  took  a  great  interost  in  tlio  work  of  preparing  tins  report. 
Hi.H  Hiirnature  was  attached  to  the  first  two  preliinary  forms  which  were  pre- 
sented at  meetings  of  tlie  Society,  and  lie  kept  in  close  touch  hy  correspondence 
with  tlie  other  members  of  the  ('ommittee  in  their  work  of  final  revision  until 
shortly  before  his  death,  which  occurred  on  March  2,  1902. 


REPORT  OF   COMMllTEE  ON   STANDARDIZING    ENGINE  TESTS.    719 


BULES    FOR    CONDUCTING    STEAM-ENGINE    TESTS. 
CODE    OF   1902, 

L  Object  of  Test,  —  Ascertaiii  at  tho  octset  the  specific 
object  of  the  test,  whether  it  be  to  determine  the  fulfihiient  of 
a  contract  guarantee,  to  ascertain  the  highe^it  economy  obtain- 
able,  to  find  the  working  economy  and  defects  under  conditions 
as  they  exists  to  ascertain  the  performance  under  spi;cial  condi* 
tiouBf  to  determine  the  effect  of  cbangea  in  the  conditionsj  or  to 
find  the  performance  of  the  entire  boiler  and  engine  plant,  and 
prepare  for  the  test  accordingly. 

No  specific  rules  can  be  laid  down  regnjtl  j  n^^  toauj  4*f  tUe  p  re  para - 
tions  to  be  made  for  a  tpst,  m  nmcli  depends  upon  the  local  uoDditions; 
and  tiic  nmttx^r  m  oin\  which  mn^t  he  left  lumnly  to  the  gomi  spuse, 
tact,  jud^jment,  and  ingenuity  of  the  party  iinderta.kiBg^  it..  One  guid- 
ing  principle  mu^t  ever  be  kept  in  mind;  namely,  to  obtain  data  whlcli 
shall  l;e  thoroughly  reliahlo  for  the  purposes  in  view.  If  fj!i*?stioTia  of 
contract  ar*j  to  bo  soltled,  it  is  of  the  6rst  itDportooce  that  a  dear  mi- 
der^t finding  be  had  with  all  the  partit'H  to  the  contract  a;^  to  thtj  meth* 
odp«  to  be  pnrflued — putting  this  iinderKtanding,  if  necessary,  in  writing 
— unless  these  are  distincily  provided  for  in  the  contract  itself*  The 
preparatioDS  for  the  meaj^uremetil  of  the  feed  water  and  of  the  varions 
qasintities*  of  condwnnf^d  w*ater  ja  the  standard  heat-uuit  test  should  he 
ttiade  lu  BucU  a  tnaiinfr  a^^  ttt  cliaagi^'  tm  Iktje  as  poiSBible  tUti  working 
eondftions  and  temperatures  of  tbe  plant. 

II,  General  CtiNDiTiON  of  the  Plant. — Examine  the  engine 
and  the  entire  plant  concerned  in  the  test;  note  its  general  con- 
dition and  any  points  of  design,  construction,  or  operation  which 
bear  on  the  objects  in  view.  Make  a  special  examination  of  the 
valves  and  pistons  for  leakage  by  applying  the  working  pres- 
sures with  the  engine  at  rest,  and  observe  the  quantity  of 
steam,  if  any,  blowing  through  per  hour. 

If  the  trial  has  for  an  object  tha  deterraination  of  the  highest 
efficiency  obtainable,  the  valves  and  pistons  must  first  be  made 
tight,  and  all  parts  of  the  engine  and  its  auxiliaries,  and  all 
other  parts  of  the  plant  concerned^  should  be  put  in  the  best 
possible  working  eomlitiun. 

Tilt*  method  of  fi.*8thi^  thm  valgus  and  pistons  for  leaka^i?  in  a  Corliss 
^f^lne,  or  onf;  in  vvhkdi  rUeuilnilsdon  valves  ain  heopuratiHl  miTepr^nd* 
enlly  of  the  exImnHr,  ralvi'^,  \s  wn  follows  ;  cIohi?  the  two  Bt4«am  valves, 
<ij>en  the  two  hidjcMitnr  4!iMdcs,  and  udmlt  n  full  prt^s^-urr  of  atoam  jnlo 
the  cli**Sf.  hy  o|*i>nJn|f  tliti  thrfittht  viilve.  Tlie  movejueot  of  the  stuft- 
\ng  bar,  fir«t  one  wuj  and  then  tht*  other,  sio  as  to  clo«e  one  exhaust 
valve  and  then  tl^e  otheff  caiuaei  the  leakage  throngh  tha  si&tkm  vaUes 
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to  escape  from  the  open  Indicator  cock,  where  it  becomes  visible.  The 
quantity  of  leakage  is  judged  by  the  force  of  the  current  of  steam  blow- 
ing out. 

To  test  the  exhaust  valves  and  piston,  the  best  method  is  to  block  the 
flywheel  so  that  the  piston  will  be  at  a  short  distance  from  the  end  of 
the  stioke,  and  turn  on  the  steam.  The  leakage  escapes  to  the  ex- 
haust pipe,  and  can  be  observed  at  the  open  atmospheric  outlet.  If 
the  outlet  is  not  visible,  and  there  is  a  valve  in  the  exhaust  pipe, 
this  can  be  shut  and  the  indicator  cock  opened,  thereby  deflecting  the 
steam  which  leaks,  and  causing  it  to  ap|>ear  at  the  indicator  cock. 
In  the  case  of  a  condensing  engine  where  no  atmospheric  pipe  is  pro- 
vided, and  there  is  no  opening  that  can  be  made  in  the  exhaust  pipe 
in  front  of  the  condenser,  some  idea  can  be  obtained  in  regard  to  the 
amount  of  leakage  by  observing  how  rapidly  the  condenser  is  heated. 
It  is  well  to  make  these  tests  with  the  piston  in  different  positions,  so 
as  to  cover  the  whole  range  of  the  length  of  the  stroke. 

Another  but  more  approximate  method  of  testing  leakage  is  called 
the  "time  method."  Instead  of  observing  the  steam  that  actually 
blows  through  the  valves  or  piston  to  be  tested,  they  are  subjected  to 
full  steam  pressure,  and  when  the  parts  are  thoroughly  heated,  the 
throttle  valve  is  shut  and  the  length  of  time  observed  which  is  required 
for  the  pressure  to  disappear.  In  testing  the  piston  and  exhaust 
valves,  the  flywheel  is  blocked  as  before,  and,  preferably,  an  indicator 
is  attached,  and  a  line  drawn  on  a  blank  card  at  intervals  of,  say,  one- 
quarter  of  a  mitiute  after  the  valve  is  shut,  thereby  making  a  record 
of  the  fail  of  the  pressure.  In  a  tight  engine  the  fall  of  the  pressure 
is  slow,  whereas  in  a  leaky  engine  it  is  sometimes  very  rapid.  The  rela- 
tive condition  of  the  engine  as  compared  with  a  tight  engine  must  be 
judged  by  an  observer,  who  must,  of  course,  have  had  experience  in 
tests  of  this  kind  on*engines  in  various  conditions. 

The  leakage  of  a  piston  can  always  be  determined  by  removing  the 
cylinder  head  and  observing  what  blows  through  the  open  end  with  the 
pressure  of  steam  behind  it.  The  advantage  of  the  "time  method  "  is 
that  it  saves  the  labor  and  time  required  in  removing  the  cylinder  head 
and  replacing  it,  which,  in  cases  of  large  engines,  is  considerable. 

Leakage  tests  of  single- valve  engines  cannot  l)e  made  as  satisfactorily 
as  those  of  the  Corliss  type  and  other  four- valve  engines.  The  best 
that  can  be  done  as  regards  the  valve  is  to  place  it  at  or  near  the  centre 
of  its  travel,  covering  both  ports,  and  then  make  the  test  under  full 
pressure.  The  valve  and  piston  can  be  tested  as  a  whole  by  blocking 
the  flywheel  and  opening  the  throttle  valve  in  the  same  way  as  in  other 
engines. 

In  testing  compound  engines  for  leakage,  the  work  is  somewhat 
simplified  in  case  of  any  one  cylinder,  us  comi)ared  with  a  single 
engine.  For  example,  leakage  of  the  highpn^ssure  cylinder  can  be 
revealed  by  oj^ening  the  indicator  cock  on  the  proper  end  of  the  low- 
pressure  cylinder,  the  steam  valve  of  that  cylinder  being  open.  The 
test  of  leakage  of  the  low-pressure  exhaust  valves  and  piston  when  the 
"  time  method  "  is  used  can  be  based  on  the  indications  of  the  receiver 
gauge  instead  of  using  an  indicator.  In  that  case  the  fall  of  the  pres- 
sure due  to  leakage  is  read  directly  from  the  gauge. 
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The  leasts  tlm.^  frir  referred  to  are  qualltuti?e»  and  nrit  qunritltative* 
It  is  pmct'rul  iti  !$f|me  caaes  to  deterramp  the  qaantity  of  leakofl^e  under 
any  set  of  eunditioriFHi  bj  collecting  the  ateam  which  [jusses  ilimugh, 
condeuiimg:  it  and  wei|rhirj|^  it.  This  can  be  reftdily  done  wbmi  there  is 
a  <?uFfttce  condenser,  and  it  can  be  dona  in  the  absence  of  aneh  a  con* 
denser  by  att(xcl»ing  a  jiiiiall  pipe  to  the  exbaust,  and  carrying:  the 
eteaxii  wbicb  c^^-apes  iolo  a  tank  of  water  and  condensing'  it,  Hrnr 
nnich  df?petidc*ncf  eun  be  plBc<?d  tipon  tlie  resiihsof  sncli  a  qoantitarive 
test  as  tiriowing  the  actual  ijuantity  of  leakage  wbicb  Oi;cnrs  when  the 
valves  and  pistons  are  in  motion  must  be  left  tn  the  jtidgment  of  the 
person  who  mnkes  tlie  te>^t. 

When  full  information  is  desired,  it  ig  well  to  test  t!ie  valvea  and  pis- 
tons in  several  diflfert  nt  positions,  so  tts  to  cover  the  whole  range  of  action. 

In  Corliss  enjrinea  the  leakage  of  tlie  piston  with  the  engini!  in  opera- 
tion  can  ho  obserwd  by  removin^r  the  cyliiider  bead,  disconnepiing  the 
steam  and  exhaust  valves  at  the  head  end,  and  setting  tbe  engine  to 
work  wjtb  steam  admitted  at  the  crank  end. 

IIL  DiSLENSiONS,  Etc.— Measure  or  check  tlia  dimensions  of 
tbe  cylinders  in  any  case,  this  being  done  when  thej  are  hot  If 
they  are  much  worn,  the  average  diameter  shoukl  be  determined^ 
Measure  also  the  clearance,  which  shouhl  be  done,  if  possible,  by 
filling  the  spaces  with  water  previously  measures],  the  piston 
being  placed  at  the  end  of  the  stroke.  If  the  clearance  cannot 
be  mea-iired  dh'e(^tly,  it  can  b^  determined  approximately  fi'om 
the  working  drawings  of  the  cylinder* 

Measure  also  the  dimensions  of  auxiliaries  and  accessories, 
also  those  of  tbe  boilers  so  far  as  concerned  in  attaining  the 
objects.  It  is  well  to  supplement  these  determinations  with  a 
sketch  or  sketches  showing  the  general  features  and  arrange- 
naent  of  the  different  parts  of  the  plant 

To  meiisare  tbcj  clearanco  by  actual  icat,  tbe  engine  is  carefully  set 
on  the  ceatn*^  witli  the  piston  at  the  end  where  tbe  measurement  m  to 
l>e  taken.     Assnming,  for  example,  a  Corliss  engine,  the  best  method 
to  piirEue  is  to  remove  the  i?tf»am  valve  so  as  to  have  access  to  the  whole 
steam  prirt,  aaJ  then  fill   up  the  clearance  space  with  waler,  which  U 
poured  into  the  open  port  tbrougli  a  funnel      Tbe  water  iH  drawn  from 
ii   'eceplacle  containing  a  sutHcit^nt  quantiiy;    which  Inia  previously 
measured.     When  the  whole  space,  including  the  port^  m  com- 
'y  111  led »  tbo  quantity  left  is  measured,  and  the  difference  ^howa 
ifiunt  wliich  ban  been  poured  in.     The  measurement  can  be  most 
'nude  hy  weighing  the  water,  and  the  corrt*spondmg  volume  de* 
d  by  calcuhitiont  making  pni|tcr  alhjwance  for  its  temperature. 
J  proportion  n^quired  ih  the  volume  in   cubic  inch^^s  thua  found, 
dlviiled  by  the  volume  of  the  piston  dispUceinent,  also  in  cubic  inches, 
and  the  result  expresseil  as  a  decimal      In  I  his  test  care  should  be 
taken  that  no  air  is  retain ikI  in  tlio  clearance  space  when  it  is  filled 
with  wat*?rt 
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The  only  difficulty  which  arises  in  measuring  the  clearance  in  this 
way  is  that  occurring  when  the  exhaust  valves  and  piston  are  not  tight, 
so  that,  as  the  water  is  poured  in,  it  flows  away  and  is  lost.  If  the, 
leakage  is  serious,  no  satisfactory  measurement  can  he  made,  and  it  is 
hetter  to  depend  upon  the  volume  calculated  from  the  drawing.  If  not 
too  serious,  however,  an  allowance  can  be  made  by  carefully  observing 
the  length  of  time  consumed  in  pouring  in  the  water  ;  then,  after  a 
portion  of  the  water  has  leaked  out,  fill  up  the  space  again,  taking  the 
time,  and  measuring  the  quantity  thus  added,  determining  in  this  way 
the  rate  at  which  tUe  leakage  occurs.  Data  will  thus  be  obtained  for 
the  desired  correction. 

IV.  Coal. — ^When  the  trial  involves  the  complete  plant,  em- 
bracing boilers  as  well  as  engine,  determine  the  character  of  coal 
to  be  used.  The  class,  name  of  the  mine,  size,  moisture,  and 
quality  of  the  coal  should  be  stated  in  the  report.  It  is  desirable, 
for  purposes  of  comparison,  that  the  coal  should  be  of  some 
recognized  standard  quality  for  the  locality  where  the  plant  is 
situated. 

For  New  England  and  that  portion  of  the  country  east  of  the 
Allegheny  Mountains,  good  anthracite  eg^  coal,  containing  not  over 
10  per  cent,  of  ash,  and  semi-bituminous  Clearfield  (Pa.),  Cumberland 
(Md.),  and  Pocahontas  (Va.)  coals  are  thus  regarded.  West  of  the 
Allegheny  Mountains,  Pocahontas  (Va.)  and  New  River  (W.  Va.)  semi- 
bituminous  and  Youghiogheny  or  Pittsburg  bituminous  coals  are 
recognized  as  standards.     {Transactions  A.  S.  M.  E.,  vol.  xxi.,  p.  38.) 

V.  Calibration  of  Instruments. — All  instruments  and  appa- 
ratus should  be  calibrated  and  their  reliability  and  accuracy 
verified  by  comparison  with  recognized  standard>\  Such  appa- 
ratus as  is  liable  to  change  or  become  broken  during  a  test,  as 
gauges,  indicator  springs,  and  thermometers,  should  be  calibrated 
before  and  after  the  test.  The  accuracy  of  scales  should  be 
verified  by  standard  weights.  When  a  water  meter  is  used, 
special  attention  should  be  given  to  its  calibration,  verifying  it 
both  before  and  after  the  trial,  and,  if  possible,  during  its  prog- 
ress, the  conditions  in  regard  to  water  pressure  and  rate  of 
flow  being  made  the  same  in  the  calibrations  as  exist  through- 
out the  trial. 

(a)  Gauges. — For  pressures  above  the  atmosphere,  one  of  the  most 
convenient,  and  at  the  same  time  reliable,  standards  is  tbe  dead-weight 
testing  apparatus  wliicli  is  manufactured  by  many  of  tbe  prominent 
gauge  makers.  It  consists  of  a  vertical  plunger  nicely  fitted  to  a 
cylinder  containing  oil  or  glycerine,  through  the  medium  of  which  the 
pressure  is  transmitted  to  the  gauge.  The  ])lunger  is  surmounted  by  a 
circular  stand  on  which  weights  may  he  placed,  and  by  means  of  which 
any  desired  pressure  can  be  secured.     The  total  weight,  in  pounds,  od 
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tbe  plunger  at  any  time,  divided  by  the  average  area  of  tLe  plunger  and 
of  the  bushing  which  receives  it,  in  square  inches,  gives  the  pressure* 
in  pounds  per  square  inch. 

Another  standard  of  comparison  for  pressures  is  the  mercury  column.  . 
If  this  instrument  is  used,  assurance  must  be  had  that  it  is  properly 
graduated  with  reference  to  the  ever-varying  zero  point ;  that  the 
mercury  is  pure,  and  that  the  proper  correction  is  made  for  any  differ- 
ence of  temperature  that  exists,  compared  with  the  temperature  at 
which  the  instrument  was  graduated. 

For  pressures  below  the  atmosphere,  an  air  pump  or  some  other 
means  of  producing  a  vacuum  is  required,  and  reference  must  be  made 
to  a  mercury  gauge.  Such  a  gauge  may  be  a  U-tube  having  a  length 
of  80  inches  or  so,  with  both  arms  properly  filled  with  pure  mercury. 

(b)  Thebmometeus. — Standard  thermometers  are  those  which  indi- 
cate 212  degrees  Fahr.  in  steam  escaping  from  boiling  water  at  the 
normal  barometrical  pressure  of  29.92  inches,  the  whole  stem  up  to  the 
212-degree  point  being  surrounded  by  the  steam ;  and  which  indicate 
32  degrees  Fahr.  in  melting  ice,  the  stem  being  liliewiso  completely 
immersed  to  the  32-degree  point ;  and  which  are  calibrated  for  points 
between  and  beyond  these  two  reference  marks.  We  recommend,  for 
temperatures  between  212  degrees  and  400  degrees  Fahr.,  that  the 
comparison  of  the  thertnometer  be  made  with  the  temperature  given  in 
Regnault's  Steam  Tables,  the  method  required  being  to  place  it  in  a 
niercury  well  surrounded  by  saturated  steam  under  sufficient  pressure  to 
give  the  desired  temperature.  The  pressure  should  be  accurately  deter- 
mined as  pointed  out  in  the  above  section  (a),  and  the  thermometer  should 
be  immersed  to  the  same  extent  as  it  is  under  its  working  condition. 

Thermometers  in  })ractice  are  seldom  used  with  the  stems  fully 
immersed  ;  consequently,  when  they  arc  compared  with  the  standard, 
the  comparison  should  be  made  under  like  conditions,  and  practically 
under  the  working  conditions,  whatever  tho.se  happen  to  be. 

If  pyrometers  of  any  kind  are  us:ed,  they  should  be  compared  with 
a  mercury  thermometer  within  its  range,  and  if  extreme  accuracy 
is  required,  with  an  air  thermometer,  or  a  staiidard  based  thereon,  at 
higher  points,  care  beim;  taken  that  the  medium  surrounding  the 
pyrometer,  be  it  air  or  liquid,  is  of  the  same  uniform  temperature  as 
that  surrounding  the  standard. 

(c)  Indicator  Springs.— (See  Section  XIV.) 

(d)  Watkr  Mktkrs. — A  good  method  of  calibrating  a  water  meter 
is  the  following,  reference  being  made  to  Fi^r.  118  : 

Two  tt^es  A  and  /y  are  placed  in  the  feed  i>ipe,  and  between  them 
two  valves  0  and  />.  The  met«'r  is  connected  between  the  outlets 
of  the  tees  A  and  B.  The  valvr;.s  /v  and  F  are  placed  one  on  each 
side  of  the  meter.  When  the  meter  is  runnin<x.  th<^  valves  JJ  and  F 
are  opened,  and  the  valves  ('  and  I)  are  closed.  Should  nn  accident 
happen  to  the  meter  during  tlu'  t<'sr.  the  valves  A'and  /''may  be  closed, 
and  the  valves  ('  and  D  opened,  so  a^  to  allow  th(^  feed  wat(»r  to  flow 
directly  into  the  boiler.  A  small  bleed*  r  O  is  placed  between  the  valves 
C^and  1).  The  valve  G  is  opened  v.hen  tlie  valves  6' and  D  are  closed, 
in  order  to  make  sure  that  then*  is  no  leakage.  A  gauge  is  attached 
at  ff.     When  the  meter  is  tested,  the  valves  C,  I),  and  i^are  closed. 
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and  the  valves  E  and  /  are  opened.  The  water  flows  from  the  valve  1 
to  a  tank  placed  on  weighing  scales.  In  testing  the  meter  the  feed  pomp 
is  run  at  the  normal  speed,  and  the  water  leaving  the  meter  is  throttled 
at  the  valve  /  until  the  pressure  shown  by  the  gauge  U  is  the  same  as 
that  indicated  when  the  meter  is  running  under  the  normal  conditions. 
The  piping  leading  from  the  valve  /  to  the  tank  is  arranged  with  a 
swinging  joint,  consisting  merely  of  a  loosely  fitting  elbow,  so  that  it 
can  be  readily  turned  into  the  tank  or  away  from  it.  After  the  desired 
pressure  and  speed  have  been  secured,  the  end  of  the  pipe  is  swung 
into  the  tank  the  instant  that  the  pointer  of  the  meter  is  opposite  some 
graduation  mark  on  the  dial,  and  the  water  continues  to  empty  into 
the  tank  while  any  desired  number  of  even  cubic  feet  are  discharged, 
after  which  the  pipe  is  swung  away  from  the  tank.  The  tests  should 
be  made  by  starting  and  stopping  at  the  same  graduation  mark  on  the 

CALIBRATION  OF  A  WATER  METER 
SKETCH  SHOWING  METER  CONNECTIONS  ETC.  ' 


Skuubrd  EogliM  Tote 


Fig.  118. 


meter  dial,  and  continued  until  at  least  10  or  20  cubic  feet  are  discharged 
for  one  test.     The  water  collected  in  the  tank  is  then  weighed. 

The  water  passing  the  meter  should  always  be  under  pressure  in 
order  that  any  air  in  the  meter  may  be  discharged  through  the  vents 
provided  for  this  purpose.  Care  should  bo  taken  tbat  there  is  no  air 
contained  in  the  feed  water.  Should  the  feed-water  pump  draw  from 
a  hot  well,  the  height  of  the  water  in  the  hot-well  must  never  be  as 
low  as  the  suction  pipe  of  the  pump.  In  case  the  speed  of  the  feed 
pump  cannot  be  regulated,  as  occurs  in  some  cases  where  it  is  driven 
directly  from  the  engine,  a  by-pa?s  should  be  connected  with  the  pip)e 
leading  from  the  pump,  to  allow  some  of  the  water  to  flow  back  into 
the  hot  well,  if  the  pump  lowers  the  water  in  the  hot- well  beyond  a 
given  mark.  The  meter  should  be  tested  both  before  and  after  the 
engine  trial,  and  several  tests  should  be  made  of  the  meter  in  each 
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<»se  In  order  to  obtain  con  firm  ative  results,  It  is  well  to  miikf^  pre- 
liminary  te=;t3  to  determme  whether  the  meter  works  Hatlsfactonly 
before  connpcting  It  up  for  an  engme  tpml.  The  reamlls  iliould  ag:ree 
with  eucli  otlier  for  two  widely  difFerent  rates  of  lifiM^. 

VL  LEAKACiKs  OF  Steah,  Watee,  Etc, — In  all  tests  except 
thosB  of  a  complete  plant  made  uuder  euuditiotiH  as  they  exist, 
the  boiler  ami  its  connections,  both  steam  and  feed,  as  also  the 
gteam  piping  leading  to  the  engine  and  Hh  connections,  shonldj 
so  far  as  possible,  be  made  tight.  II  absolute  tightness  cannot 
be  obtained  (in  point  of  fact  it  rarely  can  be i,  proper  allowance 
gbouldbe  made  for  such  leakage  in  determining  the  steam  actu- 
ally consumed  by  the  engine.  This,  however,  is  not  required 
where  a  surface  condenser  is  used  and  the  water  consumption 
m  determined  by  measuring  the  discharge  of  the  air  pump.  In 
such  cases  it  is  necessary  to  make  sure  that  the  condenser  is 
tight,  both  before  and  after  the  teat,  against  the  entrance  of  cir- 
culating water,  or  if  such  occurs  to  make  proper  correction  for 
it,  determining  it  under  the  working  difference  of  pressure. 
Should  there  be  excessive  leakage  of  the  condenser  it  should  be 
remedied  before  the  test  is  made.  When  the  steam  consump- 
tion is  determined  by  measuring  the  discharge  of  the  air  pump, 
any  leakage  about  the  valve  or  piston  rods  of  the  engine  should 
be  carefully  guarded  against 

Make  sure  that  there  is  no  leakage  at  any -of  the  connections 
with  the  apparatus  provided  for  measuring  and  auppljnag  the 
feed  water  which  could  aflfect  the  results.  All  connections  should, 
so  far  as  possible,  be  visible  and  be  blanked  off,  and  where  this 
cannot  be  done,  satisfactory  assurance  should  be  obtained  that 
there  is  no  leakage  either  in  or  out* 

It  js  not  iilwAjs  necessary  to  hiauk  off  a  conooetmg  pipe  to  nijike  sure 
Ihat  there  is  no  lea'tage  through  it.  If  satialactorj  a^u ranee  cnn  Ih> 
had  ihat  iherc  is  nocliauee  for  ieaknj^e,  tlii^l^  ^ufticieot.  For  es^auiple, 
where  a  iitruiirLtwaj  valve  is  us<?d  for  ciUtiug-  otT  a  conneetiog  pipe,  and 
this  volve  has  doiibfe  seat^  with  a  hole  m  tho  bott<5m  between  tbenip 
this  hi'ia^  providi^d  with  a  plu^  or  pet  cock,  n?i?^u ranee  of  the  tig"htness 
of  tlie  va!ve  whvn  vAoaed  tao  be  Lad  by  removing  tlie  pi  tig  or  openitig 
the  cock.  LikewifiL'.  If  Ihci'e  is  a  drnin  pji)e  beyond  the  vaive,  tlie  fuet 
that  no  water  esciipcs  here  is  siiliicient  evidence  of  the  tiglitncfss  of  the 
VRlve.  11ie  \nntn  tliioi?  U  to  have  positive  evidence  in  regard  to  the 
tightuGss  of  the  conDf*ction^,  ^nch  as  may  be  obtained  by  the  meana 
suggested  aijove  ;  hat  wheie  no  positive  e^ideiice  can  be  obtained,  or 
where  the  leakaije  that  occur**  cannot  be  metiinred,  it  is  of  the  utmost 
Importftnce  that  the  connections  shonld  be  broken  and  blanked  off. 

Leakftge  qf  relief  Talvea  whkh  are  not  tight,  drips  from  trikps,  S^p- 
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orators,  etc.,  and  leakage  of  tubes  in  the  feed  water-heater  mast  all  be 
guarded  against  or  measured  and  allowed  for. 

It  is  well,  as  an  additional  precaution,  to  test  tbe  tightness  of  the 
feed- water  pipes  and  apparatus  concerned  in  the  measurement  of  the 
water  by  running  the  pump  at  a  slow  speed  for,  say,  fifteen  minutes, 
having  first  shut  the  feed  valves  at  the  boilers.  Leakage  will  be  re- 
vealed by  disappearance  of  water  from  the  supply  tank.  In  making 
this  test,  a  gauge  should  be  placed  on  the  pump  discharge  in  order  to 
guard  against  undue  or  dangerous  pressure. 

To  determine  the  leakage  of  steam  and  water  from  a  boiler  and  steam 
pipes,  etc. ,  the  wafer-gauge  glass  method  may  be  satisfactorily  employed. 
This  consists  in  shutting  off  all  the  feed  valves  (which  mast  be  known 
to  be  tight)  or  the  main  feed  valve,  thereby  stopping  absolutely  the 
entrance  or  exit  of  water  at  the  feed  pipes  to  the  boiler  ;  then  main- 
taining the  steam'  pressure  (by  means  of  a  very  slow  fire)  at  a  fixed 
point,  which  is  approximately  that  of  the  working  pressure,  and  ob- 
serving the  rate  at  which  the  water  falls  in  the  gauge  glasses.  It  is 
well,  in  this  test,  as  in  other  work  of  this  character,  to  make  ob^erya- 
tions  every  ten  minutes,  and  to  continue  them  for  such  a  length  of  time 
that  the  differences  between  successive  readings  attain  a  constant 
rate.  Generally  the  conditions  will  have  become  constant  at  the  expi- 
ration of  fifteen  minutes  from  the  time  of  shutting  the  valves,  and  there- 
after the  fall  of  water  due  to  leakage  of  steam  and  water  becomes 
approximately  constant.  It  is  usually  sufficient,  after  this  time,  to  con- 
tinue the  tost  for  one  hour,  thereby  taking  six  ten-minate  readings. 
When  this  test  is  finished,  the  quantity  of  leakage  is  ascertained  by 
calculating  the  volume  of  water  which  has  disappeared,  using  the  area 
of  the  water  level  and  the  (lei)tli  shown  on  the  glass,  making  due  allow- 
ance for  the  weight  of  one  cubic  foot  of  water  at  the  observed  pressure. 
If  possible,  the  gauge  glass  for  this  test  should  be  attached  close  to  the 
boiler. 

If  there  is  opportunity  for  much  condensation  to  occur  and  collect  in 
the  steam  pipe  during  the  loukago  test,  the  quantity  should  be  de- 
termined as  closely  as  desirable,  and  properly  allowed  for. 

In  making  a  test  of  an  engine  where  the  steam  consumption  is  de- 
termined from  the  amount  of  water  discharged  from  the  surface  con- 
denser, leakage  of  the  piston  rods  and  valve  rods  should  be  guarded 
against ;  for  if  these  are  excessive,  the  test  is  of  little  use,  as  the  leakage 
consists  partly  of  steam  that  has  already  done  work  in  the  cylinder  and 
of  water  condensed  from  the  steam  when  in.  contact  with  the  cylinder. 
If  such  leakage  cannot  \ni  preventcKl,  some  allowance  t^hould  be  made 
for  the  quantity  thus  lost.  The  weight  of  water  as  shown  at  the  con- 
denser must  be  increased  by  the  quantity  allowed  for  this  leakage. 

VII.  Duration  of  Test. — The  duration  of  a  test  should  de- 
pend largely  upon  its  character  and  the  objects  in  view.  The 
standard  heat  test  of  an  engine,  and,  likewise,  a  test  for  the 
simple  determination  of  the  feed-water  consumption,  should  be 
continuol  for  at  least  five  hours,  unless  the  class  of  service  pre- 
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eludes  a  continuous  run  of  so  long  duration.  It  is  desirable  to 
prolong  the  test  the  number  of  hours  stated  to  obtain  a  number 
of  consecutive  hourly  records  as  a  guide  in  analyzing  the  relia- 
bility of  the  whole. 

Where  the  water  discharged  from  the  surface  condenser  is 
measured  for  successive  short  intervals  of  time,  and  the  rate  is 
found  to  be  uniform,  the  test  may  be  of  a  much  shorter  duration 
than  where  the  feed  water  is  measured  to  the  boiler.  The 
longer  the  test  with  a  given  set  of  conditions,  the  more  accurate 
the  work,  and  no  test  should  be  so  short  that  it  cannot  be  divided 
into  several  intervals  which  will  give  results  agreeing  substan- 
tially with  each  other. 

The  commercial  test  of  a  complete  plant,  embracing  boilers  as 
well  as  engine,  should  continue  at  least  one  full  day  of  twenty  four 
hours,  whether  the  engine  is  in  motion  during  the  entire  time  or 
not  A  continuous  coal  test  of  a  boiler  and  engine  should  be  of 
at  least  ten  hours'  duration,  or  the  nearest  multiple  of  the 
interval  between  times  of  cleaning  fires. 

VIII.  Starting  and  Stopping  a  Test.— (a)  Standard  Heat 
Teat  and  Feed  Water  Test  of  Engine :  The  engine  having  been 
brought  to  the  normal  condition  of  running,  and  operated  a 
sufficient  length  of  time  to  be  thoroughly  heated  in  all  its  parts, 
and  the  measuring  apparatus  having  been  adjusted  and  set  to 
work,  the  height  of  water  in  the  gauge  glasses  of  the  boilers  is 
observed,  the  depth  of  water  in  the  reservoir  from  which  the 
feed  water  is  supplied  is  noted,  the  exact  time  of  day  is  observed, 
and  the  test  held  to  commence.  Thereafter  the  measurements 
determined  upon  for  the  test  are  begun  and  carried  forward  until 
its  close.  If  practicable,  the  test  may  be  commenced  at  some 
even  hour  or  minute,  but  it  is  of  the  first  importance  to  begin 
at  such  time  as  reliable  observations  of  the  water  heights  are 
obtained,  whatever  the  exact  time  happens  to  be  when  these  are 
satisfactorily  determined.  When  the  time  for  the  close  of  the 
test  an  ives,  the  water  should,  if  possible,  be  brought  to  the 
same  height  in  the  glasses  and  to  the  same  depth  in  the  feed- 
water  reservoir  as  at  the  beginning,  delaying  the  conclusion  of 
the  test  if  necessary  to  bring  about  this  similarity  of  conditions. 
If  differences  occur,  the  proper  corrections  must  be  made. 

Care  should  be  taken  in  cases  where  the  activity  of  combustion  in  the 
boiler  furnaces  affects  the  height  of  water  in  the  gauge  glasses  thai  the 
same  condition  of  fire  and  draughts  are  operating  at  one  time  as  at  the 
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other.  For  this  reason  it  is  best  to  start  and  stop  a  test  without  inter- 
fering with  the  regularity  of  the  oix^ration  of  the  feed  pump,  provided 
the  latter  may  be  regulated  to  run  so  as  to  supply  the  feed  water  at  a 
uniform  rate.  In  some  cases  where  the  supply  of  feed  water  is  irreg- 
ular, as,  for  example,  where  an  injector  is  used  of  a  larger  capacity 
than  is  required,  the  supply  of  feed  water  should  1)6  temporarily  shut 
off. 

It  is  important  to  use  great  care  in  obtaining  the  average  height  of 
the  water  in  the  glasses,  taking  sufficient  time  to  satisfactorily  judge 
of  the  full  extent  of  the  fluctuation  of  the  water  line,  and  thereby  its 
mean  position.  It  is  important,  also,  to  refrain  from  blowing  off  the 
water  column  or  its  connecting  pipes,  either  during  the  progress  of  the 
test  or  for  a  period  of  an  hour  or  more  prior  to  its  beginning.  Such 
blowing  off  changes  the  temperature  of  the  wa.er  within,  and  thereby 
its  specific  gravity  and  height. 

To  mark  the  height  of  water  in  a  gauge  glass  in  a  convenient  way,  a 
paper  scale,  mounted  on  wood  and  divided  into  tenths  of  inches,  may 
be  placed  behind  it  or  at  its  side. 

(6)  Complete  Engine  and  Boiler  Test :  For  a  continaous  run- 
ning test  of  combined  engine  or  engines,  and  boiler  or  boilers, 
the  same  directions  apply  for  beginnin  and  ending  the  feed- 
water  measurements  as  that  just  referred  to  under  Section  (a). 
The  time  of  beginning  and  ending  such  a  test  should  be  the 
regular  time  of  cleaning  the  fires,  and  the  exact  time  of  begin- 
ning and  ending  should  be  the  time  when  the  fires  are  fully 
cleaned,  just  preparatory  to  putting  on  fresh  coal.  In  cases 
where  there  are  a  number  of  boilers,  and  it  is  inconvenient  or 
undesirable  to  clean  all  fires  at  once,  the  time  of  beginning  the 
test  should  bo  deferred  until  they  are  all  cleaned  and  in  a  satis- 
factory state,  all  the  fires  being  then  burned  down  to  a  uniformly 
thin  condi'ion,  the  thickness  and  condition  being  estimated  and 
the  test  begun  just  before  firing  tlie  new  coal  previously  weighed. 
The  ending  of  the  test  is  likewise  deferred  until  the  fires  are  all 
satisfactorily  cleaned,  being  again  burned  down  to  the  same 
uniformly  thin  condition  as  before,  and  the  time  of  closing  being 
taken  just  before  replenishing  the  fires  with  new  coal. 

For  a  commercial  test  of  a  combined  engine  and  boiler, 
whether  the  engine  runs  continuously  for  the  full  twenty-four 
hours  of  the  d.iy,  or  only  a  portion  of  the  time,  the  fires  in  the 
boilers  being  banked  during  the  time  when  the  engine  is  not  in 
motion,  the  beginning  and  ending  of  the  test  should  occur  at 
the  regular  time  of  cleaning  the  fires,  the  method  followed 
being  that  already  given.  In  cases  where  the  engine  is  not  in 
continuous  motion,  as,  for  example,  in  textile  mills,  where  the 
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working  time  is  ten  or  eleven  hours  out  of  the  twenty- four,  and 
the  tires  are  cleaned  and  banked  at  tlio  close  of  tlie  day's  work, 
the  best  time  for  starting  and  stopping  a  test  is  tlie  time  Just 
beforo  banking,  wbon  tLe  fireH  are  well  Imrned  down  and  the 
thickness  and  condition  can  bo  must  satisfactorily  judged.  In 
these,  as  in  all  other  cases  noted,  the  test  should  be  begun  by 
observing  th©  e^tact  time,  the  thickness  and  condition  of  the 
fires  on  the  grates,  the  height  of  water  in  tli©  gauge  glasses  of 
the  boilers,  the  depth  of  the  water  in  the  reservoir  from  which 
the  feed  water  is  supplied^  and  other  conditions  relating  to  the 
trial,  the  same  observations  being  again  taken  at  the  end  of  the 
test,  and  the  conditious  in  all  respects  being  rmde  as  nearly  as 
possible  the  same  as  at  the  beginning, 

IX*    MEASttREMENT  OF  HEAT  IT  KITS  CONSUMED  BY  THE  EnGDiE, — 

Tiie  measurement  of  the  heat  consumption  ref] aires  the  meas- 
nrement  of  each  supply  of  feed  water  to  the  boiler—  that  is,  the 
water  supplied  by  the  main  feed  pump,  that  supplied  l>y  auxiU 
iary  pumps,  such  as  jacket  water^  water  from  separators,  drips, 
etc,  and  water  supplied  by  gravity  or  other  means  ;  also  the  de- 
termination of  the  temperature  of  tLie  water  su[>plied  from  each 
soiirce,  to;'ether  with  the  pressure  and  quality  of  the  steam. 

The  temperatures  at  the  various  points  shouki  be  those  ap- 
plying to  the  working  conditions.  The  temperature  of  the  feed 
water  should  be  taken  near  the  boiler.  This  causes  the  engine 
to  suffer  a  disadvantage  from  the  lieat  lost  by  radiation  from 
I  he  pipes  which  carry  the  water  to  the  boiler,  but  it  is,  never- 
theless, advisable  on  the  score  of  simplicity.  Such  pipes  would, 
therefore,  be  considered  a  portion  of  th©  engine  plant  This 
conforms  with  the  rule  already  recommended  for  the  tests  of 
Lpumping  engines  where  t!ie  duty  per  million  heat  units  is  com- 
rpnted  from  the  temperature  of  the  feed  water  taken  near  the 
boiler.  It  frequently  happens  that  the  measurement  of  the 
water  requires  a  change  in  the  usual  temperature  of  supply. 
For  example,  where  the  main  supply  is  ordinarily  drawn  from 
a  hot-well  in  which  the  temperature  is,  say,  100  degrees  Fahr., 
it  may  be  necessary,  owing  to  the  low  level  of  the  well,  to  take 
the  supply  from  some  source  under  a  pressure  or  head  sufficient 
to  fill  the  weighing  tanks  used,  and  this  supply  may  have  a 
temperature  much  below  that  of  the  hot-well;  possibly  as  low 
as  40  degrees  Fahr*  The  temperature  to  ba  used  is  not  the 
temperature  of  the  water  as  weighed  iu  this  ease^  but  that  of 
47 
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the  working  temperature  of  the  hot-well.  The  working  tempera 
ture  in  cases  like  this  must  be  determined  by  a  special  test,  and 
included  in  the  log  sheets. 

In  determining  the  working  temperatures,  the  preliminary  or  sub- 
sequent test  should  be  continued  a  sufficient  time  to  obtain  uniform 
indications,  and  such  as  may  be  judged  to  be  an  average  for  the 
working  conditions.  In  this  test  it  is  necessary  to  have  some  guide  as 
to  the  quantity  of  work  being  done,  and  for  this  reason  the  power  de- 
veloped by  the  engine  should  be  determined  by  obtaining  a  full  set  of 
diagrams  at  suitable  intervals  during  the  progress  of  the  trial.  Ob- 
servations should  also  be  made  of  all  the  gauges  connected  with  the 
plant  and  of  the  water  he  ghts  in  the  boilers,  the  latter  being  main- 
tained at  a  uniform  point  so  as  to  be  sure  that  the  raie  of  feeding  dur- 
ing the  test  is  not  sensibly  different  from  that  of  the  main  test. 

The  heat  to  be  determined  is  that  used  by  the  entire  engine 
equipment,  embracing  the  main  cylinders  and  all  auxiliary  cyl- 
inders and  mechanism  concerned  in  the  operation  of  the  engine, 
including  the  air  pump,  circulating  pump,  and  feed  pumps,  also 
the  jacket  and  reheater  when  these  are  used.  No  deduc- 
tion is  to  be  made  for  steam  used  by  auxiliaries  unless  these  are 
shown  by  test  to  be  unduly  wasteful.  In  this  matter  an  excep- 
tion should  be  made  in  cases  of  guarantee  tests  where  the  engine 
contractor  furnishes  all  the  auxiliaries  referred  to.  He  should, 
in  that  case,  be  responsible  for  the  whole,  and  no  allowance 
should  be  made  for  inferior  economy,  if  such  exists.  Should  a 
deduction  bo  made  on  account  of  the  auxiliaries  being  unduly 
wasteful,  the  method  of  waste  and  its  extent,  as  compared  with 
the  wastes  of  the  main  engine  or  other  standard  of  known  value, 
shall  be  reported  definitely. 

The  steam  pressure  and  the  quality  of  the  steam  are  to  be 
taken  at  some  point  conveniently  near  the  throttle  yalve.  The 
quantity  of  steam  used  by  the  calorimeter  must  be  determined 
and  properly  allowed  for.  (See  Article  XVI.,  on  "  Quality  of 
Steam.") 

X.  Measurement  of  Feed  Water  or  Steam  Consumption  of 
Engine,  Etc. — The  method  of  determining  the  steam  consump- 
tion applicable  to  all  plants  is  to  measure  all  the  feed  water 
supplied  to  the  boilers,  and  deduct  therefrom  the  water  dis- 
charged by  separators  and  drips,  as  also  the  water  and  steam 
which  escapes  on  account  of  leakage  of  the  boiler  and  its  pipe 
connections  and  leakage  of  the  steam  main  and  branches  con- 
necting the  boiler  and  the  engine.     In  plants  where  the  engine 
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eshaiiBts  into  a  stirliace  condenser  the  steam  consumptioti  can 
be  measured  by  determming  the  quantity  of  water  discharged 
by  the  air  pump,  corrected  for  anjr  leakage  of  the  condeDser, 
and  adding  thereto  the  ateatn  n^ed  hy  jackets,  reheaters,  and 
auxiliaries  as  determined  indepeudeDtlj,  If  the  leakarre  of  the 
condenser  m  too  large  to  satisfactorily  allow  for  it,  the  con- 
denser should,  of  course,  be  repaired  and  the  leakage  again  de- 
termined before  making  the  test 

In  measuring  the  water  it  is  best  to  carry  it  through  a  tank 
or  tanks  resting  on  platform  weighing  scales  suitably  arranged 
for  the  purpose,  the  water  being  afterwards  emptied  into  a  res- 
ervoir beneath  J  from  which  the  pump  is  supplied. 

Tlie  eiiia  pi  est  apparatus  of  this  kind,  linviug  a  capttctty  of  say  G,  000 
pounds  of  wftter  per  hour,  consists  of  a  ^mdl  bogshead  connected  lo 
tte  sues  ion  pipe  of  tLe  pmnp  or  jujector,  aod  an  ordinary  o  1  Lurrel 
mouiiEed  on  u  platform^scale,  the  latter  bein^  sup|>oftt*d  by  tbtJ  hoga- 
head  on  one  side,  and  by  a  snituble  stugirsg  on  the  oilier  side.  The 
barrel  is  filled  by  means  of  a  cold-water  pipe  l^^ading  from  tbo  source 
of  supply,  and  this  Bbould  be  a  l|-lncli  pipe  for  pressur^'M  not  less  than 
S5  pounds  per  square  inch.  Tlie  outlet  valre  of  the  barrel  is  attucbed 
to  the  side,  close  to  the  bottom,  and  sliould  be  at  least  2  J  inches  in  diam- 
eter for  quick  etuptyjiig.  Where  larga  cpmntitiea  of  water  are  required, 
the  barrel  can  be  replaced  by  a  hogsheivd,  and  two  additional  lio^s- 
lieads  can  he  coupled  together  for  the  lower  reservoir.  The  capacity 
reached  by  this  arrnngement  wbeo  the  weighing  hogshead  is  supplied 
tkrough  a  3|-jacli  valve  under  Zb  pounds  pressure  and  emptied  through 
A  54nch  valve,  is  15,000  pounds  of  water  per  hour.  For  still  larger 
capacity^  it  is  desirable  to  u&o  rectangular  tanks  made  for  the  purpose, 
and  have  the  ^Teighiug  tunk  urrangc^d  so  th^it  the  eoda  overhang  the 
sculca  and  the  ryaervoir  below  ;  the  outlet  valve,  consisting  of  a  flap 
valve*  covering  an  opetdng  iu  the  bottom  G  or  9  inches  square,  With 
rectangular  tanki^  this  system  can  be  employed  for  any  size  of  stationary 
engine  ordinarily  m<*t  with. 

Where  extremely  large  quantities  of  water  must  be  meaeored^ 
or  in  some  places  relatively  small  quantities,  the  orifice  method 
of  mpasuring  is  one  that  can  he  applied  with  satisfactory  results. 
In  this  case  the  average  head  of  water  on  the  orifice  must 
be  determined,  and,  furthermore,  it  is  important  that  means 
should  be  at  hand  for  calibrating  the  discharge  of  the  orifice 
under  the  conditions  of  use. 

The  corrections  or  derluctions  to  be  made  for  leakage  above 
referred  to  should  be  applied  only  to  the  standard  heat-unit 
test  and  tests  for  determining  simply  the  steam  or  feed  water 
<son&nmption,  and  not  to  coal  test^   of  combined  engine  and 
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boiler  equipment.  In  the  latter,  no  correction  should  be  made 
except  for  leakage  of  valves  connecting  to  other  engines  and 
boilers,  or  for  steam  used  for  purposes  other  than  the  operation 
of  the  plant  under  test.  Losses  of  heat  due  to  imperfectious 
of  the  plant  should  be  charged  to  the  plant,  and  only  such 
losses  as  are  concerned  in  the  working  of  the  engine  alone 
should  be  charged  to  the  engine. 

In  measuring  jacket  water  or  any  supply  under  pressure  which 
has  a  temperature  exceeding  212  degrees  Fahr.,  the  water  should/ 
first  be  cooled,  as  may  be  done  by  discharging  it  into  a  tank  of 
cold  water  previously  weighed,  or  by  passing  it  through  a  coil 
of  pipe  submerged  in  running  and  colder  water,  preventing 
thereby  the  loss  of  evaporation  which  occurs  when  such  hot 
water  is  discharged  into  the  open  air. 

XI.  Measurement  of  Steam  Used  by  Auxiliaries. — Although 
the  steam  used  by  the  auxiliaries — embracing  the  air  pump,  cir- 
culating pump,  feed  pump,  and  any  other  apparatus  of  this 
nature,  supposing  them  to  be  steam-driven,  also  the  steam  jack- 
ets, reheaters,  etc.,  which  consume  steam  required  for  the  oper- 
ation of  the  engine — is  all  included  in  the  measurement  of  the 
steam  consumption,  as  pointed  out  in  Article  X.,  yet  it  is  highly 
desirable  that  the  quantity  of  steam  used  by  the  auxiliaries,  and 
in  many  cases  that  used  by  each  auxiliary,  should  be  determined 
exactly,  so  that  the  net  consumption  of  the  main  engine  cylin- 
ders may  be  ascertained  and  a  complete  analysis  made  of  the 
entire  work  of  the  engine  plant.  Where  the  auxiliary  cylinders 
are  non-condensing,  the  steam  consumption  can  often  ba  meas- 
ured by  carrying  the  exhaust  for  the  purpose  into  a  tank  of  cold 
water  rasting  on  scales  or  tlirough  a  coil  of  pipe  surrounded  by 
cold  running  water.  Another  method  is  to  run  the  auxiliaries 
as  a  whole,  or  one  by  one,  from  a  spare  boiler  (preferably  a  small 
vertical  one),  and  measure  the  feed  water  supplied  to  this  boiler. 
The  steam  used  by  the  air  and  circulating  pumps  may  be  meas- 
ured by  running  them  under,  as  near  as  possible,  the  working 
conditions  and  speed,  the  main  engine  and  other  auxiliaries  being 
stopped,  and  testing  the  consumption  by  the  measuring  apparatus 
used  on  the  main  trial.  For  a  short  trial,  to  obtain  approximate 
results,  measurement  can  be  made  by  the  water-gauge  glass 
method,  the  feed  supply  being  shut  off.  When  the  engine  has 
a  surface  condenser,  the  quantity  of  steam  used  by  the  auxiliaries 
may  be  ascertained  by  allowing  the  engine  alone  to  exhaust  into 
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the  condenser,  measurmg  the  feed  water  supplied  to  the  boiler 
and  the  water  discharged  bj  the  air  pump,  aud  subtracting  one 
from  the  other,  after  allowing  for  losses  bj  leakage. 

XIL  Coal  MEASUEEMEiN:r,^ — (a)  Commercial  TeMs :  In  cotainer- 
cial  testa  of  the  combined  engine  and  boiler  equipment,  or  those 
made  under  ordinary  conditions  of  commercial  seryice,  the  t^st 
should,  as  pointed  out  in  Article  TIL,  extend  over  the  entire 
period  of  th^  day;  that  is,  twenty-four  hours,  or  a  number  of 
days  of  tliat  duration.  Consequently,  the  coal  consumption 
should  be  determined  for  the  entire  time,  If  the  engine  runs 
but  a  part  of  the  time,  and  during  the  remaining  portion  the 
fires  are  banked,  the  measurement  of  coal  should  include  that 
used  for  banking*  It  is  wellj  howeTer,  in  such  cases,  to  deter- 
mine separately  the  amount  consumed  during  the  time  the 
engine  is  in  operation  and  that  consumed  during  the  period 
while  the  fires  are  banked,  so  as  to  have  complete  data  for  pur- 
poses of  analysis  and  comparison,  using  suitable  precautions 
to  obtain  reliable  measureraents.  The  measurement  of  coal  be- 
gins with  the  first  firing,  after  cleaning  tbe  furnaces  and  burn- 
ing down  at  the  beginning  of  the  test,  as  pointed  out  in  Article 
Vm.,  and  ends  with  the  last  firing,  at  the  expiration  of  the 
allotted  time* 

(b)  Contuiuous  Bmimmj  TeMs :  In  continuous  running  tests 
which  J  as  pointed  out  in  Article  VII,  cover  one  or  more  periods 
which  elapse  between  the  cleaning  of  the  fires,  the  same  prin- 
ciple applies  as  that  mentioned  under  the  above  heading  Oz); 
viz»,  the  coal  measurement  begins  with  the  first  firing,  after 
cleaning  and  burning  down,  and  the  measurement  ends  with 
tbe  last  firing,  before  cleaning  and  burning  down  at  the  close  of 
the  trial* 

(c)  Coal  TeMs  in  Gerierat :  When  not  otherwise  specially 
understood,  a  coal  test  of  a  combined  engine  and  boiler  plant 
is  held  to  refer  to  the  commercial  test  above  noted,  and  the 

surement  of  coal  should  conform  thereto. 

connection  with  coal  measurements,  whatever  tlie  class  of 

I  is  important  to  ascertain  the  percentage  of  moisture  in 

il,  the  weight  of  asheg  and  refuse,  and,  where  possible, 

the  approximate  and  ultimate  analysis  of  the  coal,  following  all 

the  methods  and  details  advocated  in  the  latest  report  of  the 

Boiler  Test  Committee  of  the  Society,     (See  vol,  xxi,,  p.  34.) 

{d)  Oilier  Fmls  than  Coed:  For  all  other  solid  fuels  than  coal 
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the  same  directions  in  regard  to  measurement  should  be  fol- 
lowed as  those  given  for  coal.  If  the  boilers  are  run  with  oil 
or  gas,  the  measurements  relating  to  stopping  and  starting  are 
much  simplified,  because  the  fuel  is  burned  as  fast  as  supplied, 
and  there  is  no  body  of  fuel  constantly  in  the  furnace,  as  in 
the  case  of  using  solid  fuel.  When  oil  is  used,  it  should  be 
weighed,  and  when  gas  is  used,  it  should  be  measured  in  a  cali- 
brated gas  meter  or  a  gasometer. 

XIII.  Indicated  Horse-power. — The  indicated  horse-power 
should  be  determined  from  the  average  mean  effective  pressure 
of  diagrams  taken  at  intervals  of  twenty  minutes,  and  at  more 
frequent  intervals  if  the  nature  of  the  test  makes  this  neces- 
sary, for  each  end  of  each  cylinder.  With  variable  loads,  such 
as  those  of  engines  driving  generators  for  electric  railroad 
work,  and  of  rubber-grinding  and  rolling-mill  engines,  the  dia- 
grams cannot  be  taken  too  often.  In  cases  like  the  latter,  one 
method  of  obtaining  suitable  averages  is  to  take  a  series  of  dia- 
grams on  the  same  blank  card  without  unhooking  the  driving 
cord,  and  apply  the  pencil  at  successive  intervals  of  ten  seconds 
until  two  minutes'  time  or  more  has  elapsed,  thereby  obtaining  a 
dozen  or  more  indications  in  the  time  covered.  This  tends  to 
insure  the  determination  of  a  fair  average  for  that  period.  In 
taking  diagrams  for  variable  loads,  as  indeed  for  any  load,  the 
pencil  should  bo  applied  long  enough  to  cover  several  successive 
revolutions,  so  that  the  variations  produced  by  the  action  of 
the  governor  may  be  properly  recorded.  To  determine  whether 
the  governor  is  subject  to  what  is  called  "  racing  "  or  "  hunting," 
a  "  variation  diagram  "  should  be  obtained ;  that  is,  one  in  which 
the  pencil  is  applied  a  sufficient  time  to  cover  a  complete  cycle 
of  variations.  When  the  governor  is  found  to  be  working  in 
this  manner,  the  defect  should  be  remedied  before  proceeding 
with  the  test. 

It  is  seldom  necessary,  as  far  as  average  power  measurements 
are  concerned,  to  obtain  diagrams  at  precisely  the  same  instint 
at  the  two  ends  of  the  cylinder,  or  at  the  same  instant  on  all  the 
cylinders,  when  there  are  more  than  one.  All  that  is  required  is 
to  take  the  diagrams  at  regular  intervals.  Should  the  diagrams 
vary  so  much  among  themselves  that  the  average  may  not  be  a 
fair  one,  it  signifies  that  they  should  be  taken  more  frequently, 
and  not  that  special  care  should  be  employed  to  obtain  the 
diagrams  of  each  set  at  precisely  the  same  time.     When  dia- 
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grams  are  taken  durmg  tlie  time  when  the  engine  ig  working  up 
to  speed  at  the  start,  or  when  a  study  of  valve  setting  and  steam 
distributiou  is  being  made,  they  should  be  takemit  as  nearly  the 
same  time  as  practicable.  In  cases  where  the  diagrams  are  to  be 
taken  simultaneously » the  best  plan  is  to  have  an  operator  sta- 
tioned at  each  indicator.  This  is  desirable,  even  where  an  electric 
or  other  device  is  employed  to  operate  all  the  instruments  at 
once ;  for  nnless  there  are  enough  operators,  it  is  necessary^  to 
open  tlje  indicator  cocks  some  time  before  taking  the  diagrams 
and  run  the  risk  of  clogging  the  pistons  and  heating  the  higli 
pressure  springs  above  the  ordinary  working  temperature* 

The  most  satisfactory  driving  rig  for  indi coating  seems  to  be 
some  form  of  well-made  pantagraph,  with  driving  cord  of  fine 
annealed  wire  leading  to  the  indicator.  The  reducing  motion, 
whatever  it  may  be,  and  the  connections  to  the  indicator,  should 
be  so  perfect  as  to  produce  diagrams  of  equal  lengths  when  the 
same  indicator  is  attached  to  either  end  of  the  cylinder,  and 
produce  a  proportionate  rednclion  of  the  motion  of  the  piston 
at  every  point  of  the  stroke,  as  proved  by  test. 

With  B,  perfect  working  pivntngtaph,  or  similar  apimratna,  tlio  equal- 
ity in  the  length  of  dlagramjs  taken  wjth  the  same  iiidicjitor  at  ibe  two 
ends  la  suflicient  indication  of  tho  substantial  reliabiJity  of  the  reduc* 
tion  when  the  point  of  cut-off  on  the  diagram  is  not  untisualljr  short — 
Baj,  not  shorter  than  one  eighth.  Whmi  the  €ul-off  is  unusually  short, 
the  error  iiroduced  by  imperfL^dt  reduction  l»ect>int'a  a  cfimparntively 
large  item,  aud  one  which  for  accurate  work  should  ho  alloMTi^d  for.  To 
test  the  m.M'uraey  of  the  reducing  motjoti  without  making  speriivl  pTep- 
orations  for  a  thorouii^h  exaudnAdon,  it  Is  sufficient  to  mako  a  com> 
pari  son  between  the  aotoal  proportion  of  the  stroke  covered  and  the 
apparent  proportion  meaanred  ontlie  indicator^  and  see  how  ihey  agree, 
Tliis  may  be  doue  on  a  large  engine  hj  makinir  tlie  comparisoiD 
whenever  it  happens  to  tjlop,  and  repeating  the  comparison  when  it 
has  stopfM.'*!  with  the  piston  at  some  othef  point  of  the  strokn.  With 
an  engine  which  can  he  turned  orer  by  hand,  or  where  auxiliary  power 
l»  provided  for  moving  it,  the  eotnparbon  may  1>g  mada  at  a  nnmber  of 
eqiti  distant  poiutii  in  the  ettokc?.  To  mukL*  the  test  pro^ycrly,  a  dia- 
gram should  Iw  taken  just  before  Htopi*ing,  and  this  will  serve  as  a 
reference  for  the  measurements  taken  after  stopping.  The  actual  pro- 
portion of  stroke  c  ivered  is  determined  by  measuring  the  distance 
which  the  crosi^head  bus  moved  and  comparing  it  with  the  whole 
length  of  the  stroke,  making  snre  that  the  slack  has  all  been  taken  np 
by  turning  sufficient  steam  into  the  cylinder  to  briuiT  *  pressure  to  bear 
on  the  piston,  hot  not  sufficient  to  start  the  flywheel  m  motion.  To 
obtain  the  apparent  indit»ation  from  th"?  diagram,  the  Indkator  pencil  is 
moved  up  and  down  vdih  the  Soger  so  as  to  make  a  vertical  mark  on 
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the  diagram,  and  the  distaoce  of  this  mark  from  the  beginning  of  the 
diagram  compared  t6  the  whole  length  of  the  diagram  is  the  proportion 
desired. 

It  is  necessary,  of  coarse,  to  go  through  these  operations  without 
changing  in  any  way  the  adjustment  of  the  driving  cord  of  the  indicator, 
or  any  part  of  tlie  mechanism  that  would  alter  the  movements  of  the 
indicator. 

The  use  of  a  three-way  cock  and  a  single  indicator  connected 
to  the  two  ends  of  the  cylinder  is  not  advised,  except  in  cases 
where  it  is  impracticable  to  use  an  indicator  close  to  each  end. 
If  a  three-way  cock  is  used,  the  error  produced  should  be  deter- 
mined and  allowed  for. 

The  effect  of  the  error  produced  by  a  three-way  cock  is  usually  to 
increase  the  area  of  the  diagram.  This  is  due  to  the  tardiness  of  the 
indicator  in  responding  to  the  changes  of  pressure.  In  an  investigaiion 
made  by  one  of  the  Committee,  which  was  carried  out  both  on  short- 
strolce  engines  running  at  high  speed  and  long-stroke  engines  running 
at  comparatively  slow  speed,  it  was  found  that  the  increased  area  of 
the  diagram,  due  to  the  sluggish  action  produced  by  the  three-way  cock, 
ranged  from  3  to  7  per  cent,  as  compared  with  an  indicator  with  a 
short  and  direct  pipe. 

In  the  manipulation  of  the  indicator  it  is  important  to  keep  the  instru- 
ment in  clean  condition  and.  preserve  it  in  mechanically  good  order. 
Ordinary  cylinder  oil  is  the  best  material  to  use  for  lubricating  the 
indicator  piston  for  pressures  above  the  atmosphere.  It  is  better  to  have 
the  piston  fit  the  cylinder  rather  loosely — so  as  to  get  absolute  freedom 
of  motion — than  to  have  a  mathematically  accurate  fit.  In  the  latter 
case,  extreme  care  and  frequent  cleanings  are  required  to  obtain  good 
diagrams.  No  diagrams  should  be  accepted  in  which  there  is  kny 
appearance  of  want  of  freedom  in  the  moy.-^ment  of  the  mechanism.  A 
ragged  or  serrated  line  in  the  region  of  the  expansion  or  compression 
lines  is  a  sure  indication  that  the  piston  or  some  part  of  the  mechanism 
sticks  ;  and  when  this  state  of  things  is  revealed  the  indicator  should 
not  be  trusted,  but  the  cause  should  be  ascertained  and  a  suitable 
remedy  applied.  Entire  absence  of  wire  drawing  ^f  the  steam  line, 
and  especially  a  sharp,  square  corner  at  the  beginning  l)f  the  steam  line, 
should  be  loolced  upon  with  suspicion,  however  desinujle  and  satisfac- 
tory these  features  might  otherwise  be.  These  are  Acequently  pro- 
duced by  an  indicator  which  is  defective  owing  to  want  V  freedom  in 
the  mechanism.  An  indicator  which  is  free  when  sul)jecte)l  to  a  steady 
steam  pressure,  as  it  is  under  a  te.^t  of  the  springs  for  wilibration, 
should  be  able  to  produce  the  same  horizontal  line,  or  suPStantially 
the  same,  after  pushing  the  pencil  down  with  the  finger,  as  t^at  traced 
after  pushing  the  pencil  up  and  subsequently  tapping  it  lightlr.  When 
the  pencil  is  moved  by  the  finger,  first  up  and  then  down,  t»©  piston 
being  subjected  to  pressure,  the  movement  should  appear  smooth  to 
the  sense  of  feeling.  ^ 

The  point  selected  for  attaching  an  indicator  to  the  cylinddt  should 
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titver  ha  tbo  drip  pijx?  or  any  |Kjitjt  wIxl^tg  tli<*  wcit^r  of  condeusation 
will  run  into  tbe  im^trumi'iit,  if  tlii^  pan  jNJjssiibly  be  WT'oided.  The 
ad  mission  of  w-ater  with  die  steam  may  j^r^atly  dbtart  the  dm^mm.  If 
It  h  comes  nficessary  to  plnce  the  indieator  in  such  a  jjosititm*  hs  umj 
Uapt»eii  wlien  it  is  attaclied  to  the  hiwer  end  of  a  vertical  cy linden  tlie 
contiectioa  to  ilie  hidie.it>r  iiiust  ha  short  and  di)(*cf.  aad  lu  some  cases 
it  slion'd  1m?  provided  witk  a  drip  chnmlwr  arranged  eo  as  to  coltet^t 
the  vvater  or  doHtct  it  from  entering  tht*  mntru merit. 

Ill  all  cnses  the  pipes  leading  to  indicators  should  be  as  short  aod 
direct  as  po^ible. 


To  determine  tbe  aTerage  power  developed  in  cases  wliere 
tlie  engine  starts  from  rest  <luring  the  progreHs  of  the  trial,  as  in 
a  coraniereial  test  <  »f  a  plant  where  the  eugini*  runs  only  a  portion 
of  the  twenty- four  houre,  a  number  of  diagrams  should  be  taken 
during  the  period  of  fretting  up  speed  and  applying  the  working 
loa  1,  the  t3orrespoudin<^  speed  for  each  sot  of  diagrams  being 
counted.  The  power  shown  by  these  diagrams  for  the  proper* 
tiouate  time  «honld  be  included  in  the  average  for  the  whole  run, 
and  the  daratiim  should  Ite  the  time  the  throttle  valve  is  open. 

XIV.  Testing  Ixdicatou  Spiimos. — T )  make  a  perfectly  satis- 
factory  comparison  of  indicator  springs  with  standards,  the 
calibration  should  be  made,  if  this  were  practical,  under  the 
game  conditions  as  tbose  pertaining  to  their  orilinary  nae. 
Owing  to  the  fact  that  the  pressure  of  t lie  steam  in  the  indicator 
cylinder  and  tlse  corresponding  temperature  are  undergoing 
continual  changes,  it  becomes  almost  impossible  to  compare 
the  springs  with  any  standard  under  such  conditions.  There 
must  be  a  constant  pressure  during  the  time  that  the  com- 
parison is  being  made*  Although  tl^e  best  that  can  be  done  is 
not  altogether  satisfactory,  it  seems  that  we  must  be  content  with 
it  To  liring  the  conditions  as  nearly  as  possible  to  those  of  tlio 
wot  king  indicator,  the  steara  sliould  be  admitted  to  tiie  indicator 
as  short  a  time  as  practicable  for  each  of  the  pressures  tried, 
and  then  the  indicator  cock  should  be  closed  and  the  steam 
exhausted  therefrom  before  another  preosiire  is  tried,  lly  this 
means  the  parts  are  heated  and  cooled  somewhat  the  same  as 
nndf^r  tlic  working  conditions,  "We  recommend,  therefore,  that 
for  each  leqnired  pressure  the  first  step  be  to  open  and  cJose  the 
indicator  cock  a  number  of  timeH  in  quick  succession,  then  to 
quickly  draw  the  line  on  the  paper  for  the  desired  record, 
observing  the  gauge  or  other  standard  at  the  instant  when  the 
line  is   drawn.      A  corresponding  atmospheric  line   is  taken 
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immediately  after  obtaining  the  line  at  the  given  pressure,  so  as 
to  eliminate  any  cliffarence  in  the  temperature  of  the  parts  of 
the  indicator.  This  appears  to  be  a  better  method  (although 
less  realily  carried  on  and  requiring  more  care)  than  the  one 
heretofore  more  commonly  used,  where  the  indicator  cock  is 
kept  continually  open,  and  the  pressure  is  gradually  rising  or 
falling  through  the  range  of  comparison. 

The  calibration  should  be  made  for  at  least  five  points,  two 
of  these  being  for  the  pressures  corresponding  as  near  as  may 
be  to  the  initial  and  back  pressures,  and  three  for  intermediate 
points  equally  distant. 

For  pressures  above  the  atmosphere,  the  proper  standard 
recommended  is  the  dead- weight  testing  apparatus,  or  a  reliable 
mercury  column,  or  an  accurate  steam  gauge  proved  correct,  or 
of  known  error,  by  either  of  these  standards.  For  pressures  be- 
low the  atmosphere  the  best  standard  to  use  is  a  mercury  column. 

The  correct  scale  of  spring  to  be  used  for  working  out  the 
mean  effective  pressure  of  the  diagrams  should  be  the  average 
based  on  the  calibration,  and  this  may  be  ascertained  in  the 
manner  pointed  out  below. 

When  the  scale  of  the  spring  determined  by  calibration  is  found  to 
vary  from  the  nominal  scale  with  substantial  uniformity,  it  is  usually 
sufficiently  accurate  to  take  the  arithmetical  mean  of  the  scales  found 
at  the  different  pressures  tried.  When,  however,  the  scale  varies  con- 
siderably at  the  different  points,  and  absolute  accuracy  is  desired,  the 
method  to  be  pursued  is  as  follows :  Select  a  sample  diagram  and 
divide  it  into  a  number  of  parts  by  means  of  lines  parallel  to  the 
atmospheric  line,  the  number  of  lines  being  equal  to  and  corresponding 
with  the  number  of  points  at  which  the  calibration  of  the  spring  is 
made.  Take  the  mean  scale  of  the  spring  for  each  division,  and  mul- 
tiply it  by  the  area  of  the  diagram  enclosed  between  two  contigaous 
lines.  Add  all  the  products  together  and  divide  by  the  area  of  the 
whole  diagram  ;  the  result  will  be  the  average  scale  of  the  spring  to  be 
used.  If  the  sample  diagram  selected  is  a  fair  representative  of  the 
entire  sot  of  diagrams  taken  during  the  test,  this  average  scale  cau  be 
ap])lied  to  the  whole.  If  not,  a  sufficient  number  of  sample  diagrams 
representing  the  various  conditions  can  be  selected,  and  the  average 
scale  determined  by  a  similar  method  for  each,  and  thereby  the  average 
for  the  whole  run. 

To  make  sure  of  substantial  freedom  of  motion  of  the  piston,  and 
absence  of  undue  friction,  the  tests  relating  to  this  matter  in  Section 
XIII.  sliould  1)0  made  for  each  of  the  pressures  of  calibration. 

XV.  Brake  Horsk-powek. — This  term  applies  to  the  power 
delivered  from  the  flywheel  shaft  of  the  engine.     It  is  the  power 
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absorbed  by  a  friction  brake  applied  to  the  rim  of  the  wheel, 
or  to  the  shaft.  A  form  of  brake  is  preferred  that  is  self-adjusting 
to  a  certain  extent,  so  that  it  will,  of  itself,  tend  to  maintain  a 
constant  resistance  at  the  rim  of  the  wheel.  One  of  the  simplest 
brakes  for  comparatively  small  engines,  which  may  be  made  to 
embody  this  principle,  consists  of  a  cotton  or  hemp  rope,  or  a 
number  of  ropes,  encircling  the  wheel,  arranged  with  weighing 
scales  or  other  means  for  showing  the  strain.  An  ordinary 
band  brake  may  also  be  constructed  so  as  to  embody  the  prin- 
ciple. The  wheel  should  be  provided  with  interior  flanges  for 
holding  water  used  for  keeping  the  rim  cool. 


Fig.  119. 

" 

H 

^^^\ 

vi        \^^\/        \l 

lr~7¥r~7l 

w^ 

^ 

» 

!:  A 

c 

l^x 


SUuJard  CugiDe  Tests 


A  self-adjusting  rope  brake  is  illiistrated  in  Fig.  119,  where  it  will 
be  seen  that,  if  the  fiictiou  at  the  rim  of  the  wheel  increaset?,  it  will 
lift  the  weight  .1,  which  action  will  diminish  the  tension  in  the  end  B 
of  the  rope,  and  thus  prevent  a  further  increane  in  the  fricti(m.  The 
same  device  can  be  used  for  a  band  brake  of  the  ordinary  construction. 
Where  space  below  the  wheel  is  limited,  a  cross  bar,  C,  supported  by  a 
chain  tackle  exactly  at  its  centre  ])oint  may  be  used  as  shown  in  Fig.  120, 
thereby  causing  the  action  of  the  weight  on  th(^  brake  to  be  upward. 
A  safety  stop  should  be  used  with  either  form,  to  prevent  the  weights 
being  accidentally  raised  more  than  a  certain  amount. 

The  water-friction  brake  is  specially  adapted  for  high  speeds 
and  has  the  advantage  of  bein*i;  self  coolinu'.  The  Alden  biake 
is  also  self-cooling  and  is  capable  of  fine  adjustment. 
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A  water  friction  brake  is  shown  in  Fig.  131.  It  consists  of  two  circular 
disks,  A  and  B^  attached  to  the  shaft  C,  and  revolving  in  a  case,  E^  be- 
tween fixed  planes.  The  space  between  the  disks  and  planes  is  supplied 
with  running  water,  which  enters  at  D  and  escapes  at  the  cocks  F^  Gy 
and  H.  The  friction  of  the  water  against  the  surfaces  constitutes  a 
resistance  which  absorbs  the  desired  power,  and  the  heat  generated 
within  is  carried  away  by  the  water  itself.  The  water  is  thrown  out- 
ward by  centrifugal  action  and  fills  the  outer  portion  of  the  case.  The 
greater  the  depth  of  the  ring  of  water,  the  greater  the  amount  of  power 
absorbed.  By  suitably  adjusting  the  amount  of  water  entering  and 
leaving  any  desin  d  power  can  be  obtained.  Water- friction  brakes  have 
been  used  successfully  at  speeds  of  over  20,000  revolutions  per  minute. 

For  description  of  the  Alden  brake,  see  Transactions^  vol.  xi.,  p.  958. 

XVI.  Quality  of  Steam. — When  ordinary  saturated  steam  is 
used,  its  quality  should  be  obtained  by  the  use  of  a  throttling 


Fig.  121. 


calorimeter  attached  to  the  main  steam  pipe  near  the  throttle 
valve.  When  the  steam  is  superheated,  the  amount  of  super- 
heating should  be  found  by  the  use  of  a  thermometer  placed  in 
a  tliermometer-well  filled  with  mercury,  inserted  in  the  pipe. 
The  sampling  pipe  for  the  calorimeter  should,  if  possible, 
l)e  attached  to  a  section  of  the  main  pipe  having  a  vertical 
direction,  with  the  steam  preferably  passing  upward,  and  the 
sampling  nozzle  should  be  made  of  a  half-inch  pipe,  having  at 
least  20  one-eighth-inch  holes  in  its  perforated  surface.     The 
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readings  of  the  calorimeter  should  be  corrected  for  radiation  of 
the  instrument,  or  they  should  be  referred  to  a  normal  reading, 
as  pointed  out  beloAv.  If  the  steam  is  superheated,  the  amount 
of  superheating  should  be  obtained  by  referring  the  reading  of 
the  thermometer  to  that  of  the  same  thermometer  when  the 
steam  within  the  pipe  is  saturated,  and  not  by  taking  the  differ- 
ence between  the  reading  of  the  thermometer  and  the  tempera- 
ture of  saturated  steam  at  the  observed  pressure  as  given  in  a 
steam  table. 

If  it  is  necessary  to  attach  the  calorimeter  to  a  horizontal  section  of 
pipe,  and  it  is  important  to  determine  the  qaantitj  of  moisture  accu- 
rately, a  sampling  nozzle  should  be  used  which  has  no  perforations, 
and  which  passes  through  a  stuffing  box  applied  to  the  bottom  of  the 
pipe  so  that  it  can  be  adjusted  up  and  down,  and  thereby  draw  a  sample 
at  different  points  ranging  from  the  top  to  the  bottom.  By  this  means 
the  character  of  the  steam  in  the  lower  portion  of  the  pipe,  where  it 
contains  the  most  moisture,  can  be  determined,  and  especially  that  at 
the  very  bottom,  where  there  is  usually  more  or  less  water  being  carried 
along  the  pipe.  If,  by  a  preliminary  test,  water  is  found  at  this  point, 
we  recommend  that  a  drip  pipe  be  attached  a  short  distance  in  front  of 
the  calorimeter,  the  end  of  the  drip  being  below  the  level  of  the  bottom, 
and  a  sufficient  quantity  of  steam  be  drawn  off  while  the  triajl  con- 
tinues, to  remove  the  water  and  cause  the  calorimeter  to  show  dry 
steam  at  whatever  height  the  sampling  nozzle  is  adjusted.  The  quan- 
tity of  steam  and  water  thus  drawn  off  should  be  determined  by  passing 
it  under  pressure  through  a  separator,  weighing  the  water  after  cooling 
it,  and  the  steam  after  condensing.  If  the  amount  of  water  on  the 
bottom  of  the  pi]>e  is  so  excessive  that  it  cannot  bo  removed  by  this 
means,  or  in  cases  where  the  main  pipe  is  vertiail,  and  the  calorimeter 
shows  that  the  percentage  of  moisture  varies  widely,  sometimes  exceed- 
ing 3  per  cent.,  we  recommend  that  a  separator  should  be  introduced 
before  making  a  test,  so  as  to  free  the  steam  of  all  moisture  that  it  is 
possible  to  remove,  the  calorimeter  being  attached  beyond  the  separator. 

To  determine  the  "normal  reading"  of  the  calorimeter,  the  instru- 
ment should  be  attached  to  a  horizontal  steam  pipe  in  such  a  way  that 
the  nozzle  projects  upwards  to  near  the  top  of  the  j)i[>e,  there  being 
no  perforations  and  the  steam  entering  through  the  open  end. 
The  test  should  be  made  when  the  steam  in  the  pipe  is  in  a 
quiescent  state,  and  when  the  steam  pressure  is  constant.  If  the  steam 
pressure  falls  during  the  time  when  the  observations  are  being  made, 
the  test  should  l)e  continued  long  enough  to  obtain  the  effect  of  an 
equivalent  rise  of  pressure.  When  the  normal  reading  has  been 
obtained,  the  constant  to  bo  used  in  dotcnnining  tlie  percentage  of 
moisture  is  the  latent  heat  of  the  steam  at  the  observed  pressure  divided 
by  the  specific  heat  of  superheated  steam  at  atmosphere  pressure,  which 
is  forty-eight  hundredths  (0.48).  To  ascertain  this  percentage,  divide 
the  number  of  degrees  of  cooling  by  the  constant,  and  multiply  by  100. 

To  determine  the  quantity  of  steam   used   by   the   calorimeter   in 
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an  iDstrument  where  the  steam  is  passed  through  an  orifice  under  a 
given  pressure,  it  is  usually  accurate  enough  to  calculate  the  quantity 
from  the  area  of  the  orifice  and  the  absolute  pressure,  using  Rankine's 
well-known  formula  for  the  number  of  pounds  which  passes  through 
per  second;  that  is,  absolute  pressure  in  pounds  per  square  inch  divided 
by  70  and  multiplied  by  the  area  of  orifice  in  square  inches.  If  it  is 
*  desired  to  determine  the  quantity  exactly,  a  steam  hose  may  be  attached 
to  the  outlet  of  the  calorimeter,  and  carried  to  a  barrel  of  water  placed 
on  a  platform  scale.  The  steam  is  condensed  for  a  certain  time  and 
its  weight  determined,  and  thereby  the  quantity  discharged  per  hour. 

XVII.  Speed. — There  are  several  reliable  methods  of  ascer- 
taining the  speed,  or  the  number  of  revolutions  of  the  engine 
crank-shaft  per  minute.  The  simplest  is  the  familiar  method  of 
counting  the  number  of  turns  for  a  period  of  one  minute  with 
the  eye  fixed  on  the  second  hand  of  a  timepiece.  Another  is 
the  use  of  a  counter  held  for  a  minute  or  a  number  of  minutes 
against  the  end  of  the  main  shaft.  Another  is  the  use  of  a  reliable 
calibrated  tachometer  held  likewise  against  the  end  of  the  shaft. 
The  most  reliable  method,  and  the  one  we  recommend,  is  the 
use  of  a  continuous  recording  engine  register  or  counter,  taking 
the  total  reading  each  time  that  the  general  test  data  are  re- 
corded, and  computing  the  revolutions  per  minute  corresponding 
to  the  difference  in  the  readings  of  the  instrument.  When  the 
speed  is  above  250  revolutions  per  minute,  it  is  almost  impossi- 
ble to  make  a  satisfactory  counting  of  the  revolutions  without 
the  use  of  some  form  of  mechanical  counter. 

The  determination  of  variation  of  speed  during  a  single  revo- 
lution, or  the  effect  of  the  fluctuation  due  to  sudden  changes  of 
the  load,  is  also  desirable,  especially  in  engines  driving  electric 
generators  used  for  lighting  purposes.  There  is  at  present  no 
recognized  standard  method  of  making  such  determinations,  and 
if  such  are  desired,  the  method  employed  may  be  devised  by 
the  person  making  the  test,  and  described  in  detail  in  the 
report. 

One  method  suggested  for  determining  the  instantaneous  variation  of 
speed  which  accompanies  a  change  of  load,  is  as  follows :  A  screen  contain- 
ing a  narrow  slot  is  placed  on  the  end  of  a  barand  vibrated  by  means  of  elec- 
tricity. A  corresponding  slot  in  a  stationary  screen  is  placed  parallel  and 
nearly  touching  the  vibniting  screen,  and  the  two  screens  are  placed  a  short 
distance  from  the  flywheel  of  the  engine  in  such  a  position  that  the 
observer  cun  look  through  the  two  slots  in  the  direction  of  the  spokes 
of  the  wheel.  The  vibrations  are  adjusted  so  as  to  conform  to  the 
frequency  with  which  the  spokes  of  the  wheel  pass  the  slots.    When 
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this  is  done  the  observer  viewing  the  wheel  through  the  slots  sees  what 
appears  to  be  a  stationary  flywheel.  VVlien  a  change  in  the  velocity  of 
the  flywheel  occurs,  the  wheel  appears  to  revolve  either  backward  or 
forward  according  to  the  direction  of  the  change.  By  careful  observa- 
tions of  the  amount  of  this  motion,  the  angular  change  of  velocity  during 
any  given  time  is  revealed. 

Experiment;*  that  have  been  made  with  a  device  of  this  kind  show  that 
the  instantaneous  gain  of  velocity,  upon  suddenly  removing  all  the  load 
from  an  engine,  amounted  to  from  one-sixth  to  one-quarter  of  a  revolu- 
tion of  the  wheel. 

XVni.  Eecording  the  Data. — Take  note  of  every  event  con- 
nected with  the  progrecs  of  the  trial  whether  it  seems  at  the  time 
to  be  important  or  unimportant.  Becord  the  time  of  every  event, 
and  time  of  taking  every  weight,  and  every  observation.  Ob- 
serve the  pressures,  temperatures,  water  heights,  sj^eeds,  etc., 
every  twenty  or  thirty  minutes  when  the  conditions  are  prac- 
tically uniform,  and  at  much-  more  frequent  intervals  if  the 
conditions  vary.  Observations  which  concern  the  feed- water 
measurement  should  be  made  with  special  care  at  the  expiration 
of  each  hour  of  the  trial,  so  as  to  divide  the  tests  into  hourly 
periods  and  show  the  uniformity  of  the  conditions  and  results 
as  the  test  goes  forward.  Where  the  water  discharged  from  a 
surface  condenser  is  weighed  it  may  be  advisable  to  divide  the 
test  by  this  means  into  periods  of  less  than  one  hour. 

The  data  and  observations  of  the  test  should  be  kept  on 
properly  prepared  blanks  or  in  note-books  containing  columns 
suitably  arranged  for  a  clear  record.  As  diflferent  observers 
have  their  own  individual  ideas  as  to  how  such  records  should 
be  kept,  no  special  form  of  log  sheet  is  given  as  a  necessary 
part  of  the  code. 

XIX.  Uniformity  of  Conditions.— In  a  test,  having  for  an 
object  the  determination  of  the  maximum  economy  obtainable 
from  an  engine,  or  where  it  is  desired  to  ascertain  with  special 
accuracy  the  effect  of  predetermined  conditions  of  operation,  it  is 
important  that  all  the  conditions  under  which  the  engine  is 
operated  should  be  maintained  uniformly  constant.  This  re- 
quirement applies  especially  to  the  pressure,  the  speed,  tlie  load, 
the  rate  of  feeding  the  various  supplies  of  water,  the  height  of 
water  in  the  gauge  glasses,  .md  the  depth  of  water  in  the  feed- 
water  reservoir. 

XX.  Analysis  of  Indicator  Diagrams. — (a)  Sfea.-n  Accounted 
for   hy  the  Indicator,      The    simplest    method    of   computing 
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the  steam  accounted  for  by  the  indicator  is  the  use  of  the 
formula, 

M=  ^^  [(C  +E)xWc-{H+E)  X  Wh], 

which  gives  the  weight  in  pounds  per  indicated  horse-power 
per  hour.  In  this  formula  the  symbol  "  M.E.P.'*  refers  to  the 
mean  effective  pressure.  In  multiple-expansion  engines,  this  is 
the  combined  mean  effective  pressure  referred  to  the  cylinder  in 
question.  The  symbol  0  refers  to  the  proportion  of  the  stroke 
completed  at  points  on  the  expansion  line  of  the  diagram  near 
the  actual  cut-off  or  release  ;  the  symbol  fl  to  the  proportion  of 
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Fig.  122. — Sbowino  Points  where  "  Steam  Accounted  for  by  Indicator" 

18  Computed. 

compression  ;  and  the  symbol  /^'  to  the  proportion  of  clearance ; 
all  of  which  are  determined  from  the  indicator  diagram.  The 
symbol  Wc  refers  to  the  weight  of  one  cubic  foot  of  steam  at 
the  cut-off  or  release  pressure ;  and  the  symbol  Wh,  to  the 
weight  of  one  cubic  foot  of  steam  at  the  compression  pressure ; 
these  weights  being  taken  froii  steam  tables  of  recognized  accu- 
racy. The  points  near  the  cut-off  and  releas )  on  the  expansion 
line,  and  the  point  on  the  compression  line,  are  located  as  shown 
on  the  sample  diagram  Fig.  122.  They  are  the  points  in  the 
case  of  the  expansion  and  compression  lines  of  the  diagram 
which  mark  the  complete  closure  of  the  valve.  The  point  near 
the  cut  off,  for  example,  lies  where  the  curve  of  expansion  be- 
gins after  the  rounding  of  tlie  diagram  due  to  the  wire-drawing 
which  occurs  while  the  valve  is  closing.      This  cut-off  may  be 


REPORT  OF   COMMITTEE   ON   STANDARDIZING   ENGINE   TESTS.      745 

located  by  finding  the  point  where  the  curve  is  tangent  to  a 
hyperbolic  curve. 

Should  the  point  in  the  compression  curve  be  at  the  same 
height  as  the  point  in  the  expansion  curve,  then  Wo  =  W/i,  and 
the  formula  becomes, 

S.  ^  (^-  ''^  ^  ^''' 

in  which  (C—H)  represents  the  distance  between  the  two  points 
divided  by  the  length  of  the  diagram. 

When  the  load  and  all  other  conditions  are  substantially  uni- 
form, it  is  unnecessary  to  work  up  the  steam  accounted  for  by 
the  indicator  from  all  the  diagrams  taken.  Five  or  more  sample 
diagrams  may  be  selected  and  the  computations  based  on  the 
samples  instead  of  on  the  whole. 

The  "combined"  mean  effective  pressure  in  a  multiple-expansion 
engine  is  determined  as  follows :  Take,  for  example,  a  compound 
engine.  The  combined  mean  effective  pressure  for  the  high  pressure 
cylinder  is  made  up  of  two  items — the  first  being  the  mean  effective 
pressure  of  the  high-pressure  cylinder,  and  the  second  being  the  mean 
effective  pressure  of  the  low-pressure  cylinder  multiplied  by  the  ratio  which 
the  volume  of  piston  displacement  of  the  low  pressure  cylinder  bears 
to  that  of  the  high-pressure  cylinder.  TIk^  sum  of  these  two  items  gives 
the  combined  mean  effective  pressure  for  the  high-pressure  cylinder, 
liikewise,  the  combined  mean  effective  pressure  for  the  low-pressure 
cylinder  is  made  up  of  two  items,  one  of  which  is  the  mean  effective 
pressure  of  the  low-pressure  cylinder,  nnd  the  other  the  mean  effective 
pressure  of  the  high-pressure  cylinder  divided  by  the  ratio  mentioned. 
The  sum  of  these  iwo  items  gives  the  combined  mean  effective  pressure 
for  the  low-pressure  cylinder. 

In  working  out  the  "steam  accounted  for,"  in  a  case  where  the  mean 
effective  pressure  is  widely  different  at  the  two  ends  of  the  cylinder, 
that  part  of  the  formula  exclusive  of  the  nwnu  effective  pressure  should 
be  computed  for  each  end  separately.  The  two  results  are  then  added 
together  and  divided  by  the  sum  of  the  two  mean  effective  pressures, 
and  this  gives  the  desired  average. 

(b)  Sample  Indicator  Diagrams:  In  order  that  the  report  of  a 
test  may  afford  complete  information  regarding  the  conditions  of 
the  test,  sample  indicator  diagrams  should  be  selected  from 
those  taken  and  copies  appended  to  the  tables  of  results.  In 
cases  where  the  engine  is  of  the  multiple-expansion  type  these 
sample  diagrams  may  also  be  arranged  in  the  form  of  a  "  com- 
bined "  diagram. 
48 
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The  "  Combined  Diagram  "  is  a  hypothetical  figure,  which  in  its  es- 
sential features  represents  an  indicator  diagram  which  would  beobtained 
if  the  whole  process  of  admission,  expansion  and  exhaust  occurred  in  one 
cylinder,  viz.,  the  low-pressure  cylinder.  It  is  a  diagram  from  which 
the  pressure  of  the  steam  at  any  point  in  the  stroke  of  either  cylinder, 
and  the  volume  of  that  steam,  can  be  measured  from  one  diagram,  in 
the  same  manner  that  it  can  be  measured  in  the  case  of  a  single  cylin- 
der engine  from  the  actual  indicator  diagram. 

The  general  method  of  laying  out  a  combined  diagram,  is  shown  in 
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Fig.  123.— Actual  Diagram.    Keceiveu  Engine. 


the  appended  cuts  (Figs.  123  to  120),  the  first  of  which  refer  to  a  Corliss 
compound  engine  (receiver  engine),  in  which  the  ratio  of  volumes  of 
the  two  cylinders  is  as  3.72  to  1,  and  the  clearance  of  the  high-pressure 
cylinder  is  4  per  cent.,  and  of  the  low-pressure  cylinder,  4.8  per  cent. ; 
and  the  second,  to  a  VVestinghouse  compound  engine  ( Woolf  Elngine),  in 
which  the  ratio  of  volumes  is  as  2.78  to  1,  and  the  clearance,  33  per  cent, 
and  9  per  cent,  respectively.  These  diagrams  are  so  clearly  drawn  that 
they  will  doubtless  be  readily  understood  without  further  description. 
The  principle  to  bo  followed  in  laying  out  combined  diagrams  when 
the  engine  is  of  more  complicated  character  than  the  one  referred  to 
here,  is,  so  far  as  possible,  to  show  the  volume  and  pressure  of  the 
steam  at  any  point  in  either  cylinder,  so  as  to  measure  them  directlj 
from  the  combined  diagram. 
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(c)  The  Point  of  Cutoff:  The  term  "  cut-off"  as  applied  to 
steam  engines,  although  somewhat  indefinite,  is  usually  consid- 
ered to  be  at  an  earlier  point  in  the  stroke  than  the  beginning 
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Fig.  127. — Four-valve  Engine,  Slow  Speed. 
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Commercial  Cut-ofp  = 


AC' 


of  the  real  expansion  line.  That  the  cut-off  point  may  be  defined 
in  exact  terms  for  commercial  purposes,  as  used  in  steam-engine 
specifications  and  contracts,  the  Committee  recommends  that, 
unless  otherwise  specified,  the  commercial  cut-off^  which  seems 


Fig.  128.— Single-valve  Engine,  Ilion  Speed. 

COMMEHCIAL   CUT-OFF  =  -zj^. 


to  be  an  appropriate  expression  for  this  term,  be  ascertained  as 
follows  :  Through  a  point  showing  the  maximum  pressure 
during  admission,  draw  a  line  parallel  to  the  atmospheric  line. 
Through  the  point  on  the  expansion  line  near  the  actual  cut-off, 
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referred  to  in  Section  XX.  (a),  draw  a  hyperbolic  curve.  The 
point  where  these  two  lines  intersect  is  to  be  considered  the 
commercial  cut-off  point.  The  percentage  is  then  found  by  divid- 
ing the  length  of  the  diagram  measured  to  this  point,  by  the 
total  length  of  the  diagram,  and  multiplying  the  result  by  100. 

The  principle  involved  in  locating  the  commercial  cut-off  is 
shown  in  Figs.  127  and  128,  the  first  of  which  represents  a  diagram 
from  a  slow-speed  Corliss  engine,  and  the  second  a  di9.gram 
from  a  single  valve  high-speed  engine.  In  the  latter  case  where, 
owing  to  the  fling  of  the  pencil,  the  steam  line  vibrates,  the 
maximum  pressure  is  found  by  taking  a  mean  of  the  vibrations 
at  the  highest  point. 

The  commercial  cut-off ^  as  thus  determined,  is  situated  at  an 
earlier  point  of  the  stroke  than  the  actual  cut-off  referred  to  in 
computing  the  "  steam  accounted  for  "  by  the  indicator  in  Sec- 
tion XX.  (a). 

(d)  Ratio  of  Expansion :  The  ratio  of  expansion  for  a  simple 
engine  is  determined  by  dividing  the  volume  corresponding  to 
the  piston  displacement,  including  clearance,  by  the  volume  of 
the  steam  at  the  commercial  cut-off,  including  clearance. 

In  a  multiple-expansion  engine  it  is  determined  by  dividing 
the  net  volume  of  the  steam  indicated  by  the  low  pressure 
diagram  at  the  end  of  the  expansion  line,  assumed  to  be  con- 
tinued to  the  end  of  the  stroke,  by  the  net  volume  of  the  steam 
at  the  maximum  pressure  during  admission  to  the  high  pressure 
cylinder. 

For  example,  in  a  simple  engine,  referring  to  Figs.  127  and  128,  the 
ratio  of  expansion   is  the   entire   distance   IIF  including  clearance, 

TTJjl 

divided  by  the  distance  EB  including  clearance  ;  that  is  -^77^. 

For  a  compound  engine,  referring  to  the  combined  diagram  Fig.  129, 
the  ratio  of  expansion  is  the  distance  CD  divided  by  the  distance  AB. 
In  which  ^and  i^are  points  on  the  compression  and  expansion  lines 
respectively  of  the  high  pressure  diagram,  the  latter  being  near  the 
point  of  cut-off ;  and  IT  and  (?,  points  on  the  compression  and  expan- 
sion lines  of  the  low  pressure  diagram,  the  latter  being  near  the  point 
of  release,  and  the  curves  EA^  FB,  UC,  and  OD  being  hyperbolic.  If 
it  is  desired  to  determine  the  ratio  without  laying  out  the  combined 
diagram  it  can  be  done  by  drawing  on  the  original  diagrams  the  hyper- 
bolic curves  referred  to  above,  and  multiplying  the  ratio  of  volumes  of 
the  cylinders,  first  by  the  ratio  of  the  length  of  the  high  pressure  dia- 
gram to  the  distance  AB  and  then  by  the  ratio  of  the  distance  CD  to 
the  length  of  the  low  pressure  diagram. 
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(e)  Diagram  Factor :  The  diagram'  factor  is  the  proportion 
borne  by  the  actual  mean  effective  pressure  measured  from 
the  indicator  diagram  to  that  of  a  diagram  in  which  the  various 
operations  of  admission,  expansion,  release  and  compression  are 
carried  on  under  assumed  conditions.    The  factor  recommended 


Maximum  pressure 
during  admission. 


CD 
Ratio  of  Expansion  =  -j^-. 


-^D 


Cf«.Mi  Emg.  n»U 


Fig.  129. 


refers  to  an  ideal  diagram  which  represents  the  maximum  power 
obtainable  from  the  steam  accounted  for  by  the  indicator  dia- 
grams at  the  point  of  cut-off,  assuming  first  that  the  engine  has 
no  clearance ;  second,  that  there  are  no  losses  through  wire- 
drawing the  steam  either  during  the  admission  or  the  release; 
third,  that  the  expansion  line  is  a  hyperbolic  curve ;  and 
fourth;  that  the  initial  pressure  is  that  of  the  boiler  and  the 
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back  pressure  that  of  the  atmosphere  for  a  non-condensing 
engine,  and  of  the  condenser  for  a  condensing  engine. 

The  diagram  factor  is  useful  for  comparing  the  steam  dis- 
tribution losses  in  different  engines,  and  is  of  special  use  to  the 
engine  designer,  for  by  multiplying  the  mean  effective  pressure 
obtained  from  the  assumed  theoretical  diagrams  by  it  he  will 
obtain  the  actual  mean  effective  pressure  that  should  be  de- 
veloped in  an  engine  of  the  type  considered.  The  expansion  and 
compression  curves  are  taken  as  hyperbolas,  because  such  curves 
are  ordinarily  used  by  engine  builders  in  their  work,  and  a 
diagram  based  on  such  curves  will  be  more  useful  to  them  than 
one  where  the  curves  are  constructed  according  to  a  more  exact 
law. 

In  cases  where  there  is  a  considerable  loss  of  pressure  between 
the  boiler  and  the  engine,  as  where  steam  is  transmitted  from  a 
central  plant  to  a  number  of  consumers,  the  pressure  of  the  steam 
in  the  supply  main  should  be  used  in  place  of  the  boiler  pressure 
in  constructing  the  diagrams. 

The  method  of  determining  tlie  diagram  factor  i8  best  shown  by 
referring  to  Figs.  13 )  to  138.  which  apply  to  a  simple  non-condensing 
engine,  a  simple  condensing  engine,  and  a  compound  condensing  en- 
gine. 

In  Fig.  130  lis  represents  the  volume  of  steam  at  boiler  pressure  ad- 
mitted to  the  cylinder.  PR  and  08  being  hyperbolic  curves  drawn 
through  the  compression  and  cut-off  points  respectively.  In  Fig.  131 
the  factor  is  the  proportion  borne  by  the  area  of  the  actual  diagram  to  that 
of  the  diagram  CNHSK,  In  Fig.  V-^2  the  factor  is  the  proportion  borne 
to  the  area  of  the  diagram  CNHSK.  In  Fig.  133  the  factor  is  the  propor- 
tion borne  by  the  area  of  the  two  combined  diagrams  to  the  area  CNHSK. 
In  Fig.  131,  where  the  dingr  .m  is  tlie  same  as  in  Fig.  180,  the  distance 
CN  is  laid  off  equal  to  BS  shown  in  Fig.  130,  and  the  curve  NH  is  a 
hyperbola  referred  to  the  zero  lines  CM  Q.nd  MJ.  In  Fig.  132  the  dis- 
tance CjV  is  found  in  a  similar  way.  In  Fig.  133  the  distance  CN  for 
the  hiirh-pressure  cylinder  is  found  in  the  same  manner  as  in  the  case  of 
a  simple  en^rine.  The  mean  effective  pressure  of  the  ideal  diagram  can 
readily  be  obtained  from  the  formula 

|(1  +  Hyp.  Log.  R.)  -  p (1) 

where  P  is  the  absolute  pressure  of  the  steam  in  the  boiler, 
R  the  ratio  -^,  and  p  the  pressure  of  the  atmosphere  or  in  the  con- 
denser. 

XXI   Standards  of  Economy  and   Efficiency. — The   hourly 
'  consumption  of  heat,  determined  by  employing  the  actual  tem- 
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L  I 

Fig.  130.— Net  Volume  of  Steam  Admitted  =  ES. 

■^  Boiler  Pressure 
C/  N 


CN\a  equal  to  RS  in  Fig.  130. 


^  Line  of  Zero  Pressure 
Fig.  131.— Diagram  Factok,  Non-condensinq  Engine. 

/^  Boiler  Pressure 
CX -,N 


nniued  in  the  same  way 
130. 


Line  of  Condenser  Pressure  «-'"«  ^^  ^^^^  P^«""^* 

Fig.  132.— Diagram  Factor,  Condensing  Engine. 


754      REPORT  OF   COMMITTEE   ON   STANDARDIZING   ENGINE  TESTS. 


Boiler  Pressure 


xVCis  determined  for  the  bigh-preseure  diagram    in  the 
same  way  as  US  in  Fig.  130. 


J  %: 


Zero  Line  of  Pressure 


Fio.  183.— DiAOKAM  Factor,  Compound  Engine. 
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perature  of  the  feed  water  to  tlie  boiler,  aa  poitite<l  out  in  Article 
IX*  of  the  Code,  divided  by  the  indicated  aud  brake  hoi-se -power, 
tbat  is»  the  number  of  heat  units  consutiu^d  per  indicated  and 
per  brake  horse- power  per  hour,  are  the  standards  of  engine  effi- 
eiency  re  com  mended  by  the  Committee.  The  consumption  jjer 
hour  is  chosen  rather  than  the  consumption  per  minute,  so  as  to 
conform  with  the  designation  of  time  applied  to  the  more  fam- 
iliar units  of  coal  and  water  measurement,  which  have  hereto- 
fore been  used.  The  British  standard,  where  the  temperature 
of  the  feed  water  is  taken  as  that  corresponding  to  the  tem- 
perature of  the  back-pressure  steam,  allowance  being  made  for 
any  drips  from  jackets  or  reheaters,  is  also  included  in  the 
tables. 

It  is  useful  in  this  connection  to  express  the  efficiency  in  its 
more  scientific  form,  or  w^hat  is  called  the  **  thermal  efficiency 
ratio."  The  thermal  efficiency  ratio  ia  the  proportion  which  the 
heat  equivalent  of  the  power  developed  bears  to  the  total  amount 
of  heat  actually  «"onsumed,  as  determined  by  test.  The  heat  con- 
TBrted  into  work  represented  by  one  horsepower  ia  1,980,000 
foot-pounds  per  hour,  and  this  divided  by  77H  equals  2,545 
British  thermal  units.  Consequently,  the  thermal  efficiency 
ratio  is  expressed  by  the  fraction 

2,545 


B*  T,  U.  per  H.-P.  per  hour, 


MSICORANDA  REflAnOIKG  THE  BtltTISR  STANDAITD.— Tlie  pTinciplU 
objection  wbtcb  tht*  ConimHte©  has  to  rUe  uae  of  tbe  British  Maudurd  of 
engine  economj  for  the  lending  pi  ace  ^  ia  as  follows  ; 

Tlie  prflctlcnl  nulitj  of  an  eii|riije  depends  almost  wliony  apon  tlie  fact 
tliat  it  is  u^ed  for  Bomi^  form  of  iadustrial  work,  and,  in  combiDation  wltb 
ft  boiler  aod  various  appiirleDancefi,  it  is  a  part  of  a  complete  [lowyr  plant. 
Were  it  not  fnr  tbe  unreliable  character  of  coal  mid  otlitr  fuels,  the  prnpcr 
sianiiard  of  economy  for  &ucb  an  engine^  with  a  boiler  of  ^iven  efficiencj, 
wonld  be  the  fuel  eon^Srumed,  Ijecause  fuel  is,  in  reality^  tbe  ssource  of  tUe 
power,  and  this  is  ibo  mo«t  imjxjrtatit  tVm^  to  bt*  t^uppUed  in  o}>eratiQg^ 
tlse  i^ngine.  The  use  of  a  fttiiodard  of  heat  unUi?  hi  jilaee  of  fuel.  iDeetii 
the  oigpctfonn'di^  oliaracteristics  of  ooal  due  \o  its  heat  variability,  etnd  In 
doin|]^  fliib.  ii  uiak*:?^  no  change  in  tbe  conditions  untler  wblch  tbe  standard 
shiHjbi  be  employed  -  These  are  the  actual  conditions  of  use,  and  not  the 
tded  conditions.  Tlie  Brltiah  nietboci  furtjiahes  a  moans  of  detei  mining 
and  statin)^  the  ideal  performancf'  of  an  engine  working  under  ussuxued 
cond<tiims.  It  doeB  tiot  ^ive  tlie  |>erformance  of  tb^  entire  engim'  plant 
under  the  actual  conditions  aa  alTected  by  the  efficiency  of  the  heaters  &Qd 
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auxiliaries,  and  the  performance  under  such  conditions  is  usually  of  the 
greatest  importance. 
The  advantages  in  favor  of  the  British  standard  are  as  follows : 

1.  It  expresses  the  economy  of  the  engine  as  an  independent  machine, 
unaffected  by  the  failings  of  the  feed- water  heater  or  condenser. 

2.  In  this  form,  it  is  useful  for  expressing  the  economy  of  an  engine 
in  the  testing  shop  of  an  engine  builder,  or  in  the  mechanical  laboratory 
of  a  college,  where  it  forms  no  part  of  a  power  plant. 

3.  A  comparison  of  the  British  standard  with  the  economy  of  an  ideal 
engine  working  between  the  same  limits  of  temperature  reveals  those 
losses  going  on  which  are  due  to  the  engine  alone,  and  this  furnishes 
information  not  otherwise  obtained. 

The  arrangement  of  the  various  forms  used  in  stating  the  efficiency, 
as  proposed  by  the  Committee,  gives  due  weight  to  both  of  these 
standards,  placing  the  one  in  the  lead  which  is  regarded  as  the  most 
important. 

XXIL  Heat  Analysis. — For  certain  scientific  inyestigations,  it 
is  useful  to  make  a  heat  analysis  of  the  diagram,  to  show  the  in- 
terchange of  heat  from  steam  to  cylinder  walls,  etc^  which  is 
going  on  within  the  cylinder.  This  is  unnecessary  for  com- 
mercial tests. 

Reference  may  be  made  to  the  standard  text-books  on  thermody- 
namics for  detailed  information  regarding  the  methods  to  be  pursued  and 
the  formulae  to  be  used  in  working  out  the  heat  analysis.  The  prin- 
ciples involved  may  be  briefly  summarized  as  follows :  A  certain  amount 
of  heat  is  supplied  to  the  engine  in  a  given  time,  and  this  is  represented 
by  the  number  of  pounds  of  steam  supplied  multiplied  by  the  total  heat 
of  one  pound  of  the  same.  A  part  of  this  heat  is  used  in  the  jacket,  if 
such  be  employed,  and  the  balance  passes  through  the  cylinder.  That 
which  enters  the  jacket  is  lost  partly  by  radiation  from  the  outside  sur- 
face, and  the  remaining  portion  enters  the  walls  of  the  cylinder  and  is 
taken  np  by  the  steam  within  it.  The  operations  going  on  within  the 
cylinder  consist,  first,  of  the  transfer  of  a  portion  of  the  entering  heat 
into  a  small  portion  of  the  thickness  of  the  walls  of  the  cylinder,  heat- 
ing them  to  the  temperature  of  the  entering  steam.  This  transfer  of 
heat  is  most  active  during  the  period  of  steam  ^Mmission  and  up  to  the 
point  of  cut-off.  After  the  cut-off,  the  transfer  continues  until  the  lower 
pressure  due  to  expansion  reaches  such  a  point  that  the  temperature  of 
the  steam  is  below  that  of  the  interior  surfaces  last  uncovered.  Then, 
the  interchange  of  heat  is  reversed,  and  the  metal  gives  up  heat  to  the 
steam  and  causes  what  is  known  as  re- evaporation  of  the  particles  of 
water  on  the  surface  of  the  cast-iron  walls  and  piston.  The  giving  up 
of  heat  from  the  small  thickness  of  the  surfaces  which  were  heated 
during  admission  to  the  temperature  of  the  entering  steam  begins 
after  cut-off  takes  place,  or,  to  be  more  explicit,  after  the  pressure 
begins  to  fall,  and  continues  during  the  entire  stroke.  Heat  is  also 
given  off  from  the  metal  of  the  cylinder  to  the  steam,  due  to  the  higher 
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temperature  of  the  jacket,  if  such  be  used,  and  tliis  occurs  throughout 
the  whole  of  the  stroke,  assuming  what  is  usually  true  that  the  pres- 
sure of  steam  in  the  jacket  is  greater  than  that  in  the  cylinder. 

There  is  another  action  going  on  in  the  cylinder  and  that  is  the  loss 
of  heat  due  to  the  performance  of  work.  There  is  also  a  loss  of  heat 
due  to  radiation  from  those  portions  of  the  cylinder  not  protected  by 
the  jacket.  The  quantity  of  heat  remaining  after  the  steam  has  been 
subjected  to  these  various  complicated  actions  is  that  which  passes  out 
with  the  steam  through  the  exhaust  valve  and  is  thereby  **  rejected,'*  as 
it  is  termed,  to  the  condenser  or  to  the  atmosphere.  The  heat  analysis 
determines  the  amount  of  heat  which  is  used  and  transferred  in  these 
various  actions  during  the  time  in  question,  and  the  various  percentages 
which  these  amounts  bear  to  the  total  quantity  of  heat  supplied. 

XXm.  Temperature-Entropy  Diagram.— The  study  of  the 
heat  analysis  is  facilitated  by  the  use  of  the  temperature-entropy 
diagram  in  which  areas  represent  quantities  of  heat,  the  coordi- 
nates being  the  absolute  temperature  and  entropy.  Such  a  dia- 
gram is  shown  in  Fig.  134. 

When  the  quantities  given  in  the  steam  tables  are  plotted,  two  curves, 
AA  and  BB,  are  obtained  which  may  be  termed  the  water  line  and  the 
steam  line,  AA  being  the  logarithmic  curve  if  the  specific  heat  of  the 
water  is  taken  as  constant.  The  diagram  refers  to  a  unit  weight  of  the 
'  agent,  and  the  heat  necessary  to  raise  a  pound  of  water  from  the  tem- 
perature ma  to  the  teniperatuce  pa  and  evaporate  it  at  that  temperature 
is  represented  by  the  area  aa'b'qm.      If  the  steam  be  now  expanded 

as 
adiabatically  the  temperature  will  fall  to  qs  and  x  per  cent.  =  -^  will 

remain  as  steam,  the  rest  being  liquefied.  If  the  steam  is  now  rejected, 
it  carries  away  with  it  the  heat  sqftia,  the  work  area  being  a'b'sa,  from 
which  must  be  deducted  the  work  w  (expressed  in  heat  units)  to  pump  a 
pound  of  water  into  the  boiler.    The  efficiency  of  this  cycle  is  evidently 


in  which 


7*  4-  Zi  —  xL-i  —  w 
h  +  Li 


T       L 

_  cirj-  ab'  ^  ^^i{  "^  r. 
~~        (lb  Li 


By  the  action  of  the  walls  a  portion  of  the  steam  is  liquefied  prior  to 
the  expansion,  which  therefore  begins  at  c,  and  since  the  ceoliDg  action 
of  the  walls  continues,  the  expansion  line  falls  off  to  ef,  from  which 
point  a  reverse  action  takes  [)lace,  and  tlie  expansion  line  bends  over 
to  g.  Finally,  since  the  release  takes  place  before  the  condenser  tem- 
perature is  reached,  the  heat  rejection  starts  at  g,  following  a  line  of 
equal  volume  until  the  exhaust  port  temperature  is  reached  at  /     If 
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heat  is  added  during  expaosion  enongh  to  keep  the  steam  theoretically 
saturated,  as,  for  example,  by  a  water  jacket,  such  additional  heat  is 
represented  by  the  area  h'bnq,  and  the  additional  work  obtained  by  the 
triangle  b'bs.  If  the  f-team  is  superheated  sufficiently  to  give  by  expan- 
sion theoretically  dry  steam  at  tlie  end,  such  additional  heat  is  repre- 
sented by  the  area  b'xnq  and  the  additional  work  by  b'vbs.  Neither  of 
these  extra  amounts  of  work  are  realized  in  practice,  and  it  is  evident 
from  the  diagram  that  the  heat  thus  applied  is  in  both  cases  less  effici- 
ent than  in  the  principal  cycle.    Nevertheless  the  action  in  each  case 


m     p 
Fig.  134. — Temperatdre-Entropy  Diagram. 


is  to  bring  the  point  e  nearer  the  point  b\  and  to  effect  a  notable  net 
economy. 

The  Camot  cycle  would  be  obtained  if  in  the  Rankine  cycle  the  rejec- 
tion of  heat  were  stopped  at  r,  and  the  temperature  of  the  mixture 
raised  to  a'  by  compression  This  cannot  be  practically  accomplished, 
but  a  system  of  feed-water  beaters  has  been  suggested  and  exemplified 
in  the  Nordberg  engine,  wbi^-h  is  theoretically  a  close  equivalent  to  it. 
Where  steam  is  expniided  in  say  three  cylinders,  the  feed  water  may  be 
successively  heated  from  the  receiver  intermediate  between  each  pair, 
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the  efEect  of  which  is  illustrated  in  Fig.  135.  The  expans'on  line  follows 
the  heavy  line,  being  carried  over  to  y  by  the  first  feed  water  heater 
and  to  y'  by  the  second  feed- water  heater.  With  an  infinite  number  of 
such  feed-water  heaters,  the  line  yy'  would  be  parallel  to  aa\  and  the 
cycle  equivalent  to  that  of  Carnot. 

XXrV.  BA.TIO  OF  Economy  of  an  Engine  to  that  of  an  Ideal 
Engine. — The  ideal  engine  recommended  for  obtaining  this  ratio 
is  that  which  was  adopted  by  the  Committee  appointed  by  the 
Ciyil  Engineers,  of  London,  to  consider  and  report  a  standard 
thermal  efficiency  for  steam  engines.  This  engine  is  one  which 
follows  the  Kankine  cycle,  where  steam  at  a  constant  pressure  is 
admitted  into  the  cylinder  with  no  clearance,  and  after  the  point 


./ 


Pig.  135.— Temperature-Entropy  Dtag;iam. 


of  cut-off,  is  expanded  adiabatically  to  the  back  pressure.  In 
obtaining  the  economy  of  this  engine  the  feed  water  is  assumed  to 
be  returned  to  the  boiler  at  the  exhaust  temperature.  Such  a  cycle 
.is  preferable  to  the  Carnot  for  the  purpose  at  hand,  because  the 
Carnot  cycle  is  theoretically  impossible  for  an  engine  using 
superheated  steam  produced  at  a  constant  pressure,  and  the  gain 
in  efficiency  for  superheatod  steam  corresponding  to  the  Carnot 
efficiency  will  be  much  greater  than  that  possible  for  the  actual 
cycle. 
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The  ratio  of  the  economy  of  an  engine  to  that  of  the  ideal 
engine  is  obtained  by  dividing  the  heat  consumption  per  indi- 
cated horse-power  per  minute  for  the  ideal  engine  by  that  of 
the  actual  engine. 

The  economy  of  the  ideal  engine  recommended  can  be  readily 
obtained  from  the  chart  given  in  Fig.  136,  which  has  been  copied  from 
the  report  already  mentioned  of  the  Committee  appointed  by  the  Civil 
Engineers,  of  London. 

In  Fig.  136,  ta  represents  the  temperature  of  saturated  steam  at  the 
boiler  pressure  in  degrees  Fahr.  ;  taa  that  of  the  steam  furnished  to  the 
engine  should  there  be  superheating;  te  that  of  the  exhaust.  The 
British  thermal  units  consumed  per  minute  per  indicated  horse-power 
by  the  ideal  engine  can  be  read  off  directly  from  the  curves  given  in  the 
upper  portion  of  the  diagram  ;  thus,  if  the  temperature  of  the  exhaust 
{te)  is  212  degrees  Fahr.,  and  the  temperature  of  the  steam  at  boiler 
pressure  350  degrees  Fahr. ,  the  heat  consumption  is  265  British  thermal 
units  per  indicated  horse-power  per  minute.  If  the  steam  is  super- 
heated, the  figure  obtained  as  just  described  is  corrected  by  employing 
the  factor  obtained  from  the  lower  part  of  the  diagram.  Opposite  the 
temperature  of  saturation  corresponding  to  the  pressure  in  the  boiler, 
and  on  the  curve  corresponding  to  the  temperature  of  superheated  steam 
(taa)  is  found  a  coefficient.  This  coefficient  multiplied  by  the  exhaust 
temperature,  and  by  the  heat  consumption  per  minute  obtained  should 
there  be  no  superheating,  gives  the  deduction  to  be  made  on  account  of 
the  superheating.  Thus,  if  the  temperature  of  the  superheated  steam 
is  500  degrees  Fahr.  in  the  case  already  considered  for  saturated  steam, 
we  find  opposite  350  degrees  for  ta,  and  on  the  curve  for  tas  =  500  degrees 
the  coefficient  0.00015.  This  gives  the  correction  0.00015  x  212  x  265 
=  8.5  British  thermal  units,  and  the  heat  consumption  of  the  engine 
when  furnished  with  superheated  steam  will  be  265  —  8.5  =  256  5 
British  thefmal  units  per  indicated  horse-power  per  minute. 

XXV.  Miscellaneous. — In  the  case  of  tests  of  combined 
engines  and  boiler  plants,  where  the  full  data  of  the  boiler  per- 
formance is  to  be, determined,  reference  should  be  made  to  the 
directions  given  by  the  Boiler  Test  Committee  of  the  Society, 
Code  of  1899.     (See  Vol.  XXI.,  p.  34) 

In  tests  made  for  scientific  research,  and  in  those  made  on 
special  forms  of  engines,  the  line  of  procedure  must  be  varied 
according  to  the  special  objects  in  view,  and  it  has  been 
deemed  unnecessary  to  go  into  particulars  applying  to  such 
tests. 

In  testing  steam  pumping  engines  and  locomotives  in  accord- 
ance with  the  standard  methods  of  conducting  such  tests,  rec- 
ommended by  the  committees  of  the  Society,  reference  should 
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be  made  to  the  reports  of  those  committees  in  the  Transactions, 
Volume  XIL,  p.  530,  and  in  Volume  XIV.,  p.  1312. 

XXVL  Eeport  of  Test.— The  data  and  results  of  the  test 
should  be  reported  in  the  manner  and  in  the  order  outlined  in 
one  of  the  following  tables,  the  first  of  which  gives,  it  is  hoped, 
a  complete  summary  of  all  the  data  and  results  as  applied  not 
only  to  the  standard  heat-unit  test,  but  also  to  tests  of  com- 
bined engine  and  boiler  for  determining  all  questions  of  per- 
formance, whatever  the  class  of  service ;  the  second  refers 
to  a  short  form  of  report  giving  the  necessary  data  and  results 
for  the  standard  heat  test ;  and  the  third  to  a  short  form  of 
report  for  a  feed-water  test.  It  is  the  intention  that  the  tables 
should  be  full  enough  to  apply  to  any  type  of  engine,  but  where 
not  so,  or  where  special  data  and  results  are  determined,  addi- 
tional results  may  be  inserted  under  the  appropriate  headings. 
Although  these  forms  are  arranged  so  as  to  be  used  for  express- 
ing the  principal  data  and  results  of  tests  of  pumping  engines 
and  locomotives,  as  well  as  for  all  other  classes  of  steam  engines, 
it  is  not  the  intention  that  they  shall  supplant  the  forms  rec- 
ommended by  the  committees  on  Duty  Trials  and  Locomotives, 
in  cases  where  the  full  report  of  a  test  of  such  engines  is  desired. 

It  is  recommended  that  any  report  be  supplemented  by  a 
chart  in  which  the  data  of  the  test  is  graphically  presented. 
(As  an  example  of  such  a  chart  as  applied  to  a  boiler  test,  see 
Volume  XXI.,  p.  104.) 


TABLE  No.  1. 

Data  and  Results  of  Steam-Engine  Test. 

Arranged  according  to  the  Complete  Form  advised  by  tlie  Engine  Test  Com- 
uiitt**e  of  tlie  American  Society  of  Mechanical  Engineers.     Code  of  1902. 

1.  Made  by of 

on  engine  located  at 

to  determine 

2.  Date  of  trial 

3.  Type  of  engine  (simple,  compound,  or  other  multiple  expansion  ;  condensing 

or  non-condensing) 

4.  Class  of  engine  (mill,  marine,  locomotive,  pumping,  electric,  or  other) 
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6.  Rated  power  of  engine 

C.  Name  of  builders 

7.  Number  and  arrangement  of  cylinders  of  engine  ;  how  lagged  ;  type  of  con- 

denser   

8.  Type  of  valves 

9.  Type  of  boiler 

10.  Kind  and  typ.)  of    auxiliaries   (air,    circulating,    main,   and   feed  pumps; 

jackets,  heaters,  etc.) 


let  Cyl.  2d  Cyl.  8d  Cyl. 

11.  Dimensions  of  engine 

(a)  Single  or  double  acting 

(f>)  Cylinder  dimensions : 

Bore in. 

Stroke ft. 

Diameter  of  piston  rod in. 

Diameter  of  tail  rod in. 

(c)  Clearance  in  per  cent,  of  volume  dis- 

placed by  piston  per  stroke  : 

Head  end 

Crank  end 

Average 

(d)  Surface  in  square  feet  (average) 

Barrel  of  cylinder 

Cylinder  heads 

Clearance  and  ports 

Ends  of  piston 

(e)  Jacket  surfaces  or  internal  surfaces  of 

cylinder    heated    by    jackets,    in 

square  feet : 

Barrel  of  cylinder 

Cylinder  heads 

Clearance  and  ports 

Receiver  jackets  

(/)  Ratio  of  volume  of  each  cylinder  to 

volume  of  hi^^h-pressure  cylinder. 
(g)  Ilorse-power   constant   for  one   pound 

mean  oflFcctive   pressure,  and   one 

revolution  per  minute 

12.  Dimensions  of  boilers  : 

(a)  Nunil)er 

(&)  Total  grate  surface sq.  ft. 

(c)  Total  water  lieating  surface  (external) *' 

(d)  Total  stoani  heating  surface  (external) ** 

13.  Dimensions  of  auxiliaries  : 

(a)  Air  pump 

(p)  Circulating  pump 
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(c)  Feed  pumps 

(d)  Heaters 

, ,...,.< 

14.  Dimensions  of  condenser 

15.  Size,  length,  and  number  of  turns  in  main  steam  pipe  leading  from  the  boiler 

to  the  engine 

16.  Give  description  of  main  featu^s  of  plant,  and  illustrate  with  drawings  to . 

be  given  on  an  appended  sheet. 

2'otal  Quantities,  Time,  Etc, 

17.  Duration  of  test hours 

18.  Length  of  time  engine  was  in  motion  with  throttle  open ** 

19.  Length  of  time  engine  was  running  at  normal  speed *' 

20.  Water  fed  to  boilers  from  main  source  of  supply lbs. 

21.  Water  fed  from  auxiliary  supplies  :  lbs. 

(«) ^ 

(b) 

(c)   

22.  Total  water  fed  to  boilers  from  all  sources ** 

28.  Moisture  in  steam  or  superheating  near  throttle per  cent,  or  deg. 

24.  Factor  of  correction  for  quality  of  steam,  dry  steam  being  unity 

26.  Total  dry  steam  consumed  for  all  purposes  * lbs. 

26.  Total  coal  as  firdd  f 

27.  Moisture  in  coal per  cent. 

28.  Total  dry  coal  consumed lbs. 

29.  Ash  and  refuse " 

80.  Percentage  of  ash  and  refuse  to  dry  coal per  cent. 

81.  Calorific  value  of  coal  by  calorimeter  test  per  x)ound  of  dry 

coal,  determined  by calorimeter B.  T.  U. 

32.  Cost  of  coal  per  ton  of  2,240  lbs $ 

Hourly  Quantities, 

33.  Water  fed  from  main  source  of  supply Ibe. 

84.  Water  fed  from  auxiliary  supplies  : 

•(«) 

(f>) 

(c) 

35.  Total  water  fed  to  boilers  per  hour " 

36.  Total  dry  steam  consumed  per  hour ** 

37.  Loss  of  steam  and  water  j>er  hour  due  to  drips  from  main 

steam  pipes  and  to  leakage  of  plant ** 

88.  Ntjt  dry  steam  consumed  per  hour  by  engine  and  auxiliaries. .  ** 

89.  Dry  steam  consumed  per  hour  : 

{a)  Main  cylinders ** 

*  In  case  of  superheated  steam  engines,  determine,  if  practicable,  the  temperature  of  the  steam 
in  each  cylinder. 

t  Where  an  independent  superheater  is  used,  this  includes  coal  burned  in  the  superheater. 
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(&)  Jackets  and  re  beaters lbs. 

(c)  Air  pump ' " 

(d)  Circulating  pump ** 

(e)  Feed-water  pump '* 

(/)  Otber  auxiliaries *       " 

40.  Dry  coal  consumed  per  bour  : 

(a)  During  running  poriod ** 

(b)  During  banking  period " 

(c)  Total ** 

41.  Injection  or  circulating  water  supplied  condenser  per  bour. .  .  cu.  ft. 

Pressures  and  Temperatures  (Corrected). 

42.  Steam  pressure  at  boiler  by  gauge lbs.  per  sq.  in. 

48.  Steam  pipe  pressure  near  tbrottle,  by  gauge •* 

44.  Barometric  pr^^ssure  of  atmospbere  in  incbes  of  mercury ins. 

45.  Pressure  in  first  receiver  by  gauore lbs.  per  sq.  in. 

46.  Pressure  in  second  receiver  by  gauge " 

47.  Vacuum  in  condenser : 

(a)  In  incbes  of  mercury ins. 

(6)  Corresponding  total  pressure lbs.  per  sq.  in. 

48.  Pressure  in  steam  jacket  by  gauge lbs.  per  sq.  in. 

49.  Pressure  in  rebeater  by  gauge " 

50.  Moisture  in  steam  or  superbeating  at  boilers p.  c.  or  deg.  F. 

51.  Superbeating  of  steam  in  first  receive r deg.  Fabr. 

52.  Superbeating  of  steam  in  second  receiver " 

53.  Temperature  of  main  supply  of  feed  water  to  boilers " 

54.  Temperature  of  auxiliary  supplies  of  feed  water  : 

(«) .- 

(6)  

(e)  

55.  Ideal  feed-water  temperature  corresponding  to  tbe  pressure  of 

tbe  steam  in  tbe  oxbaust  pipe,  allowance  being  made  for 

beat  derived  from  jacket  or  rebeater  drips " 

56.  Temperature  of  injection  or  circulating  watt?r  entering  con- 

denser    " 

57.  Tem|)erature  of  inj(»ction  or  circulating  water  leaving  condenser 

58.  Temperature  of  cbimney  gases  entering  economizer " 

59.  Temperature  of  cbimney  gases  leaving  economizer " 

60.  Temperature  of  water  entering  economizer '* 

61.  Temperature  of  water  leaving  economizer •* 

62.  Temperature  of  air  in  boiler  room" " 

63.  Temperature  of  air  in  engine  room ** 

Data  Rehding  to  JTe<tt  Mfdsuremcnts. 

64.  Heat  units  per  pound  of  food  water,  m  lin  supply B.  T.  U. 

65.  Heat  units  per  pound  of  feed  water,  auxiliary  sup[)ly 

(«) * ' 

w 

w 
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66.  Heat  units  consumed  per  hour,  main  supply B.  T.  U. 

67.  Heat  anits  consumed  per  hour,  auxiliary  supplies  : 

W 

W 

w^ 

68.  Total  lieat  units  consumed  per  hour  for  all  purposes 

69.  Loss  of  heat  per  hour  due  to  leakage  of  plant,  drips,  etc.   . . . 

70.  Heat  units  consumed  per  hour  : 

(a)  By  engine  alone 

(b)  By  auxiliaries 

71.  Heat  units  consumed  per  hour  by  the  engine  alone,  reckoned 

from  temperature  given  in  line  56 


Indicator  Diagrams. 

IstCyl.  adCjl.  SdCyl. 
72.  Commercial  cut-off  in  per  cent,  of  stroke. . . . 
78.  Initial  pressure  in  lbs.  per  sq.  in.  above  at- 
mosphere     

74.  Back-pressure  at  mid-stroke  above  or  below 

atmosphere  in  lbs.  per  sq.  in. 

75.  Mean  effective  pressure  in  lbs.  per.  sq.  in. . . 

76.  Equivalent  mean  effective  pressure  in  lbs. 

per  sq.  in. : 

(a)  Referred  to  first  cylinder. .    

(6)  Referred  to  second  cylinder 

(c)  Referred  to  third  cylinder 

77.  Pressures  and  percentages  used  in  computing 

the  steam  accounted  for  by  the  indicator 
diagrams,  measured  to  points  on  the  ex- 
pansion and  compression  curves. 

Pressure  above  zero  in  lbs.  per  sq.  in.: 

{a)  Near  cut-off. 

(b)  Near  release 

(e)  Near  beginning  of  compression 

Percentage  of  stroke  at  points  where  pres- 
sures are  measured  : 

(a)  Near  cut-off  

(6)  Near  release 

(c)  Near  beginning  of  compression 

78.  Aggregate  M.  E.  P.  in  ll)s.  pcrsq.  in.  referred 

to  each  cylinder  given  in  heading 

79.  Mean  back-pressure  above  zero,  lbs.  per  sq.  in. 

80.  Steam  accounted  for  in    lbs.    per  indicated 

horse-power  per  hour : 

(a)  Near  cut-off 

(6)  Near  release 

81 .  Ratio  of  Expn  nslon 

82.  Mean  effective  pressure  of  ideal  diagram  lbs.  per  sq.  in. 

83.  Diagram  factor per  cent. 
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Speed. 

84.  Revolutions  per  minate rev. 

85.  Piston  speed  per  minate ft. 

86.  Variation  of  speed  between  no  load  and  full  load rev. 

87.  Fluctuation  of  speed  on  suddenly  clianging  from  full  load  to 

no  load,  measured  by  the  increase  in   the  revolutions  due 

to  the  change " 

Power. 

88.  Indicated  horse-power  developed  by  main-engine  cylinders  : 

First  cylinder H.  P. 

Second  cylinder " 

Third  cylinder *' 

Total 

89.  Brake  H.  P.,  electric  H.  P.,  pump  H.  P.,  or  dynamo  H.  P., 

according  to  the  class  of  engine " 

90.  Friction  I.  H.  P.  by  diagrams,  no  load  on  engine,  computed 

for  average  speed " 

91.  Difference  between  indicated  H.  P.  and  brake  H.  P ** 

92.  Percentage  of  indicated  H.  P.  of  main  engine  lost  in  friction. .  per  cent. 
98.  Power  developed  by  auxiliaries : 

(a) H.P. 

{b) 

W 

Standard  Efficiency  Results, 

94.  Heat  units  consumed  by  engine  and  auxiliaries  per  hour  : 

(a)  Per  indicated  horse-power B.  T.  U. 

(b)  Per  brake  horse-power " 

95.  Equivalent  standard  coal  consumed  by  engine  and  auxiliaries 

per    hour,    assuming   calorific    value   such    that    10,000 
B.  T..  U.  are  imparted  to  the  boiler  per  lb. : 

(a)  Per  indicated  horsepower lbs. 

(b)  Per  brake  horse-power ** 

96.  Heat  units  consumed  per  minute  : 

(a)  Per  indicated  horse-power B.  T.  U. 

(6)  Per  brake  horse-power *        " 

97.  Heat  units  consumed   by  engine  per  hour  corresponding  to 

ideal  maximum  temperature  of  feed  water  given  in  line  55, 

British  standard  : 

(a)  Per  indicated  horse  power " 

(6)  Per  brake  horse-power ** 

Kfficiency  Ratios. 

98.  Thermal  efficiency  ratio : 

(a)  Per  indicated  horse-i)owor per  cent. 

(b)  Per  brake  horjje-power '. ** 

(c)  Ratio  of  efficiency  of  engine  to  that  of  an  ideal  engine 

working  with  the  Rankino  cycle ** 
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MUceUaruous  Efficiency  RemdU* 

99.  Dry  steam  consaraed  per  indicated  H.  P.  per  hour 

{a)  Main  cylinder,  including  jackets  lbs. 

(&)  Auxiliary  cylinders,  etc " 

{e)  Engine  and  auxiliaries " 

100.  Dry  steam  consumed  per  brake  H.  P,  per  hour  : 

(a)  Main  cylinders,  including  jackets lbs. 

{h)  Auxiliary  cylinders,  etc " 

(c)  Engine  and  auxiliaries " 

101.  Percentage  of  steam  used  by  main-engine  cylinders  accounted 

for  by  indicator  diagrams  : 

let  Cjl.  ad  Cyl.  8d  Cjl. 

(a)  Near  cut-off 

(6)  Near  release 

102.  Dry  coal  consumed  by  combined  engine  and  boiler  plant  per 

I.  H.  P.  per  hour  : 

(a)  During  running  period lbs. 

(&)  During  banking  period '* 

(c)  Total 

108.  Dry  coal  consumed  by  combined  engine  and  boiler  plant  per 

brake  H.  P.  per  hour  : 

(a)  During  running  period " 

(6)  During  banking  period " 

(c)  Total 

104.  Water  evaporated  under  actual  conditions  per  pound  of  dry 

coal lbs. 

105.  Equivalent  evaporation  from  and  at  212  degrees  Fahr.  per 

pound  of  dry  coal ** 

106.  Elficioncy  of  l)oilers  based  on  dry  coal per  cent. 

107.  Combined  efficiency  of  l)oi]er  and  engine  plant '* 

Additiomil  Calcalations   Recommended  for  Special  Classes  of  Steam  Engines, 
Water-pumping  Engines. 

108.  Duty  per  1,000,000  heat  units  imparted  to  the  boiler ft.  lbs. 

109.  Duty  per  1,000  ])ounds  of  dry  steam 

110.  Duty  por  100  pounds  of  actual  coal  consumed  by  plant ** 

111.  Number  of  gallons  of  water  pum^jed  in  24  hours gals. 

Locomotives. 

1 1 2.  Dynamometric  horse-power  H.  P. 

113.  "Standard  Coal"  of  10,000  B.  T.  U.  value  consumed,  per 

dynamometric  H.  P.  per  hour lbs. 

Electric-light  Engines  and  those  Driving  Generators  for 
Electric  Railways. 

114.  Current amperes 

115.  Electro  motive  force volts 


♦  Tlir  hofHc-power  on  which  the  above  efflcieucy  results  (items  94  to  103)  are  based  is  tha^ 
of  the  main  engine,  cxcluMve  of  auxiliaries. 
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116.  Electrical  power  generated  in  watts watts 

117.  Electrical  horse-power  generated H.  P. 

118.  Efficiency  of  generator per  cent. 

119.  Heat  units  consumed  per  electrical  horse  power  per  hour. ...  B.  T.  U. 

120.  Dry  steam  consumed  per  electrical  horse-power  per  hour. . . .  lbs. 

121.  Dry  coal  consumed  per  electrical  horse-power  per  hour  : 

(a)  During  running  period lbs. 

(&)  During  banking  period " 

(c)  Total , 

Additional  Data. 

Add  any  additional  data  bearing  on  the  particular  objects  of  the  test  or  relating 
to  the  special  class  of  service  for  which  the  engine  is  used.  Also  give  copies  of 
Indicator  diagrams  nearest  the  mean,  and  the  corresponding  scales. 


TABLE  No.  2. 

Data  and  Results  of  Standard  Heat  Test  of  Steam  Engine. 

Arranged  according  to  the  Short  Form  advised  by  the  Engine  Test  Committee 
of  the  American  Society  of  Mechanical  Engineers.    Code  of  1902. 

1 .  Made  by of 

on  engine  located  at 

to  determine 

2.  Date  of  trial  

3.  Type  and  class  of  engine  ;  also  of  condenser 


4.  Dimensions  of  main  engine 

(a)  Diameter  of  cylinder in. 

if))  Stroke  of  piston ft. 

(c)  Diameter  of  piston  rod in. 

(d)  Average  clearance p.  c. 

(e)  Ratio  of  volume  of  cylinder  to  high- 

pressure  cylinder 

(/)  Horse-power  constant  for  one  pound 
mean  effective  pressure  and  one  rev- 
olution per  minute 

6.  Dimensions  and  type  of  nuxiliaries 


IstCyl.         2dCyl.         SdCyl. 


Tot(tl  Quantities,  Time,  Etc, 

6.  Duration  of  test hours 

7.  Total  water  fed  to  boilers  from  niuin  source  of  supply '    "y*>8. 

8.  Total  water  fed  from  auxiliary  supplies  :  '     /^ 

(a) •■<  %   • 

(6)  

(e) 
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9.  Total  water  fed  to  boilers  from  all  sources lbs. 

10.  Moisture  iu  steam  or  superheating  near  throttle p.  c.  op  deg. 

11.  Factor  of  correction  for  quality  of  steam ; 

12.  Total  dry  steam  consumed  for  all  purposes lbs. 

Hourly  Quantities, 

13.  Water  fed  from  main  source  of  supply ** 

14.  Water  fed  from  auxiliary  supplies  : 

{a) 

(P) 

(c) 

15.  Total  water  fed  to  boilers  per  hour *' 

16.  Total  dry  steam  consumed  per  hour *' 

17.  Loss  of  steam  and  water  per  hour  due  to  drips  from  main 

steam  pipes  and  to  leakage  of  plant ** 

18.  Net  dry  steam  consumed  per  hour  by  engine  and  auxiliaries.  •  •* 

Pressures  and  Temperatures  {Corrected). 

19.  Pressure  in  steam  pipe  near  throttle  by  gauge lbs.  per  sq.  in. 

20.  Barometric  pressure  of  atmosphere  in  inches  of  mercury ins. 

21.  Pressure  in  receivers  by  gauge lbs.  per  sq.  in. 

22.  Vacuum  in  condenser  in  inches  of  mercury. ins. 

23.  Pressure  in  jackets  and  re-heaters  by  gauge lbs.  per  sq.  in. 

24.  Temperature  of  main  supply  of  feed  water deg.  Fahr. 

25.  Temperature  of  auxiliary  supplies  of  feed  water  ; 

(a) c 

(h) 

(c) 

26.  Ideal  feed-water   temperature  corresponding  to  pressure  of 

steam  in  the  exhaust  pipe,  allowance  being  made  for  heat 

derived  from  jacket  or  reheater  drips •* 

Data  Relating  to  TJeat  Measurement. 

27.  Heat  units  per  pound  of  feed  water,  main  supply  B.  T.  U. 

28.  Heat  units  per  pound  of  feed  water,  auxiliary  supplies : 

{a) 

ih) 

(c) 

29.  Heat  units  consumed  per  hour,  main  supply •* 

30.  Heat  units  consumed  per  hour,  auxiliary  supplies  : 

ia) 

(p) 

(c) 

81.  Total  heat  units  consumed  per  hour  for  all  purposes " 

82.  Loss  of  heat  per  hour  due  to  leakage  of  plant,  drips,  etc ** 

83.  Net  heat  units  consumed  per  hour  : 

(a)  ft. . .  .igino  alone ,  ** 

(&)  By  Tiuxiliarios '* 

84.  Heat  units  consumed  per  hour  by  engine  alone,  reckoned  from 

temperature  given  in  line  26 •' 
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Indicator  Diagrams. 

l8t  Cyl.         2d  Cyl.         8d  Cyl. 

35.  Commercial  cut-off  in  per  cent,  of  stroke 

36.  Initial  pressure  in  pounds  per  square  inch 

above  atmospliere 

37.  Back  pressure  at  mid-stroke,  above  or  below 

atmosphere  in  pounds  per  square  inch 

38.  Mean  effective  pressure  in  lbs.  per  sq.  in. . . . 

39.  Equivalent  mean  effective  pressure  in  lbs. 

l)er  sq.  in.: 

(a)  Referred  to  first  cylinder 

(&)  Referred  to  second  cylinder 

(c)  Referred  to  third  cylinder 

40.  Pressures  and  percentages  used  in  comput- 

ing the  steam  accounted  for  by  the  indi- 
cator diagrams,  measured  to  points  on  the 

expansion  and  compression  curves 

Pressure  above  zero  in  lbs.  per  sq.  in. : 

(«)  Near  cut-off 

(&)  Near  release 

(c)   Near  beginning 'of  compression    

Percentage  of  stroke  at  points  where  press- 
ures are  measured : 

{a)  Near  cut-off 

(b)  Near  release 

(<•)  Near  beginning  of  compression 

41.  Steam  accounted  for  by  indicator  in  pounds 

per  I.  H.  P.  per  hour  : 

(a)  Near  cut-off 

(6)  Near  release 

42.  Ratio  of  expansion 

Speed. 

43.  Revolutions  per  minute rev. 

Power, 

44.  Indicated  horse-power  developed  by  main-engine  cylinders  : 

First  cylinder II.  P. 

Second  cylinder *• 

Third  cylinder •* 

Total 

45.  Brake  horse-power  develo[)ed  by  engine *  * 

Standard  Efficiency  and  other  liefju'Js.* 
4G.  Heat  units  consufned  by  engine  and  auxiliaries  por  hour  : 

(a)  per  indicated  horse-power B.  T.  U. 

(b)  per  brake  horsepower ** 

47.  Equivalent  stanilard  coal  in  lbs.  per  hour  : 

(a>  per  indicated  horse-power lbs. 

(b)  per  brake  horse- power •* 

♦The  horsepower  referred  to  above  (items  10  50)  is  that  of  the  main  engine,  exclusive  of 
aiixiliarle& 
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48.  Heat  units  consumed  by  main  engine  per  hour  corresponding  to 

ideal  maximum  temperature  of  feed  water  gi  ven  in  line  26, 

British  standard  : 

(a)  per  indicated  horse-power* B.  T.  U. 

(6)  per  brake  horse-power ** 

49.  Dry  steam  consumed  per  indicated  horse-power  per  hour : 

(a)  Main  cylinders  including  jackets lbs. 

(6)  Auxiliary  cylinders ** 

(c)  Engine  and  auxiliaries " 

50.  Dry  steam  consumed  per  brake  horse-power  per  hour  : 

{a)  Main  cylinders  including  jackets 

(6)  Auxiliary  cylinders •* 

(c)  Engine  and  auxiliaries ** 

51.  Percentage  of  steam  used  by  main-engine  cylinders  accounted 

for  by  indicator  diagrams,  near  cut-off  of   high-pressure 

cylinder per  cent. 

Additianal  Data. 
Add  any  additional  data  bearing  on  the  particular  objects  of  the  test  or  relating 
to  the  special  class  of  service  for  which  the  engine  is  used.     Also  give  copies 
of  indicator  diagrams  nearest  the  mean,  and  the  corresponding  scales. 


TABLE  No.  3. 
Data  and  Eesults  of  Feed-water  Test  of  Steam  Engine. 

Arranged  according  to  the  Short  Form  advised  by  the  Engine  Test  Committee  of 
the  American  Society  of  Mechanical  Engineers.     Code  of  1902. 

l.^adeby of 

on  engine  located  at 

to  determine 

2.  Date  of  trial 

3.  Type  of  engine  (simple,  compoiind,  or  other  multiple  expansion;  condensing 

or  non-condensing) 

4.  Class  of  engine  (mill,  marine,  locomotive,  pumping,  electric,  or  other) 

5.  Rated  power  of  engine 

6.  Name  of  builders 

7.  Number  and  arrangement  of  cylinders  of  engine  ;  how  lagged  ;  type  of  valves 

and  of  condensers 

let  Cyl.         3d  CyL         8d  Cyl. 

8.  Dimensions  of  engine 

(a)  Single  or  double  acting 

(b)  Cylinder  dimensions : 

Bore in. 

Stroke   ft. 

Diameter  of  piston  rod in. 

Diameter  of  tail  rod in 
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l8t  Cyl.         ad  Cyl.         8d  Cyl. 
(c)  Clearance  in  per  cent,  of  volume  dis- 
placed by  piston  per  stroke : 

Head  end 

Crank  end 

Average 

{d)  Ratio  of  volame  of  each  cylinder  to 

volume  of  high -pressure  cylinder. . . . 
(e)  Horse-power  constant  for  one    pound 
mean  effective    pressure,   and  one 
revolution  per  minute 

Total  Quantities,  Time,  Etc. 

9.  Duration  of  test hours 

10.  Water  fed  to  boilers  from  main  source  of  supply lbs. 

11.  Water  fed  from  auxiliary  supplies  : 

{«) 

W 

W 

12.  Total  water  fed  from  all  sources ** 

13.  Moisture  in  steam  or  superheating  near  throttle  * p.  c.  or  deg. 

14.  Factor  of  correction  for  quality  of  steam 

15.  Total  dry  steam  consumed  for  all  purposes lbs. 

Hourly  Quantities, 

16.  Water  fed  from  main  source  of  supply lbs. 

17.  Water  fed  from  auxiliary  supplies  : 

(a) 

(b) 

W   

18.  Total  water  fed  to  boilers  per  hour ** 

19.  Total  dry  steam  consumed  per  hour '* 

20.  Loss  of  steam  and  water  per  hour  due  to  leakage  of  plant, 

drips,  etc " 

21.  Net  dry  steam  consumed  i>er  hour  by  engine  and  auxiliaries. .  '* 

22.  Dry  steam  consumed  per  hour  : 

(a)  Main  cylinders " 

{b)  Jackets  and  reheaters '* 

Pressures  and  Temperatures  {Corrected). 

23.  Steam  pipe  pressure  near  throttle,  by  gauge lbs.  per  sq.  in. 

24.  Barometric  pressure  of  atmosphere  in  inches  of  mercury ins. 

25.  Pressure  in  first  receiver  by  gauge lbs.  per  sq.  in. 

26.  Pressure  in  second  receiver  by  gauge " 

*  In  case  of  saporheated  steam  engines,  determine,  if  practicable,  the  temperatare  of  the  steam 
in  each  cylinder. 


774      REPORT  OP   COMMITTEE   OS  STANDARDIZING  ENGINE  TESTS. 

27.  Vacuum  in  condenser  : 

(a)  In  inches  of  mercury ins. 

(b)  Corresponding  total  pressure lbs.  per  sq.  in, 

28.  Pressure  in  steam  jackets  by  gauge lbs.  per  sq.  in. 

29.  Pressure  in  rebeater  by  gauge ** 

30.  Superheating  of  steam  in  first  receiver deg.  Fahr. 

31.  Superheating  of  steam  in  second  receiver ' ** 

Indicator  Diagrams, 

l8t  Cyl.  ad  Cyl.  8d  Cjl. 

32.  Commercial  cut-off  in  per  cent,  of  stroke .... 

33.  Initial  pressure  in  lbs.  per  sq.  in.  above  at- 

mosphere     . . 

34.  Back-pressure  at  mid-stroke  above  or  below 

atmosphere  in  lbs.  per  sq.  in 

35.  Mean  effective  pressure  in  lbs.  per  sq.  in 

86.  Equivalent  mean  effective  pressure  in  lbs.  per 

sq.  in.  per  indicated  H.  P 

(a)  Referred  to  first  cylinder. 
(5)  Referred  to  second  cylinder, 
(c)  Referred  to  thiid  cylinder. 

87.  Pressures  and  percentages  used  in  computing 

the  steam  accounted  for  by  the  indicator 
diagrams,  measured  to  points  on  the  ex- 
pansion and  compression  curves 

Pressures  above  zero  in  lbs.  per  sq.  in,: 

(a)  Near  cut-off 

(b)  Near  release 

(c)  Near  beginning  of  compression 

Percentage  of  stroke  at  points  where  pres- 
sures are  measured  : 

(a)  Near  cut-off 

(h)  Near  release 

(c)  Near  beginning  of  compression 

38.  Aggregate  M.  E.  P.  iu  lbs.  per  sq.  in.  referred 

to  each  cylinder  given  in  heading 

39.  Mean   back -pressure   above    zero,    lbs.    per 

sq.  in 

40.  Steam   accounted    for  in   lbs.  per   indicated 

horse- power  per  hour  : 

(a)  Near  cut-off 

(b)  Near  release 

41.  Hatio  of  expansion  : 

{a)  Commercial 

(6)  Ideal 

J^eed, 

42.  Revolutions  per  minute rev. 

48.  Pif)ton  speed  per  minute  ft. 
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Power, 

44.  Indicated  horse- power  develoi)ed  by  main  engine  cylinders  : 

First  cylinder H.  P. 

Second  cylinder ** 

Third  cylinder .  «« 

Total •• 

Efficiency  liestUts, 

45.  Dry  steam  cc»isamed  per  indicated  H.  P.  per  hour  : 

(a)  Main  cylinder,  including  jackets lbs. 

(b)  Auxiliary  cylinders,  etc : ** 

(c)  Engine  and  auxiliaries  ** 

46.  Percentage  of  steam  used  by  main  engine  cylinders  account- 

ed for  bv  indicator  diagrams  : 

iBtCyl.         2dCyl.  8dCyl. 

(a)  Near  cut-off 

(&)  Near  release 

Sample  Diagrams. 

Copies  of  indicator  diagrams,  nearest  the  mean,  with  corresponding  scales, 
should  be  given  in  connection  with  table. 


BTJLES  FOE  CONDUCTING  TESTS  OF  GAS  AND  OIL 
ENGINES.^    CODE  OF  1901. 

I.  Objects  of  the  Tests.— At  the  outset  the  specific  object 
of  the  test  should  be  ascertained,  whether  it  be  to  determine 
the  fulfilment  of  a  contract  guarantee,  to  ascertain  the  highest 
economy  obtainable,  to  find  the  working  economy  and  the  de- 
fects as  they  exist,  to  ascertain  the  performance  under  special 
conditions,  or  to  determine  the  effect  of  changes  in  the  condi- 
tions ;  and  the  test  should  be  arranged  accordingly. 

Much  depends  upon  the  local  conditions  as  to  what  prepar;.tions 
should  be  made  for  a  test,  and  this  must  bo  determined  largely  by  the 
good  sense,  tact,  judgment,  and  ingenuity  of  the  ex])ert  undertaking  it, 
keeping  in  mind  the  main  issue,  which  is  to  obtain  accurate  and  reli- 
able data.  In  deciding  questions  of  contract,  a  clear  understanding  in 
regard  to  the  methods  of  test  should  be  agreed  upon  beforehand  with 
all  parties,  unless  these  are  distinctly  provided  for  in  the  contract. 

IL  General  Condition  of  the  Engine. — Examine  the  engine, 
and  mal(e  notes  of  its  general  condition,  and  any  points  of  de- 
sign, construction,  or  operation  which  bear  on  the  objects  in 

*  Rot-air  engines  are  not  incloded  la  this  code,  those  in  the  market  being  of  comparatively 
finall  slM,  and  seldom  tested. 
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view.  Make  a  special  examination  of  all  the  valves  by  inspect- 
ing the  seats  and  bearing  surfaces,  and  note  their  condition,  and 
see  if  the  piston  rings  are  gas-tight. 

If  the  trial  is  made  to  determine  the  highest  efficiency,  and 
the  examination  shows  evidence  of  leakage,  the  valves  and  pis- 
ton rings,  etc.,  should  be  made  tight,  and  all  parts  of  the  engine 
put  in  the  best  possible  working  condition  before  starting  on 
the  test. 

III.  Dimensions,  Etc. — Take  the  dimensions  of  the  cylinder, 
or  cylinders,  whether  already  known  or  not;  this  should  be 
done  when  they  are  hot,  and  in  working  order.  If  they  are 
slightly  worn,  the  average  diameter  should  be  determined. 
Measure,  also,  the  compression  space  or  clearance  volume, 
which  should  be  done,  if  practicable,  by  filling  the  spaces  with 
water  previously  measured,  the  proper  correction  being  made 
for  the  temperature.     (See  Section  III.,  Steam  Engine  Code.) 

IV.  Fuel. — ^Decide  upon  the  gas  or  oil  to  be  used,  and  if  the 
trial  is  to  be  made  for  maximum  efficiency,  the  fuel  should  be 
the  best  of  its  class  that  can  readily  be  obtained,  or  one  that 
shows  the  highest  calorific  power.  (See  Section  IV.,  Steam 
Engine  Code.) 

V. — Calibration  of  Instruments  Used  in  the  Tests. — All 
instruments  and  apparatus  should  be  calibrated  and  their  relia- 
bility and  accuracy  verified  by  comparison  with  recognized 
standards.  Apparatus  liable  to  change  or  to  become  broken 
during  the  tests,  such  as  gauges,  indicator  springs,  and  ther- 
mometers, should  be  calibrated  both  before  and  after  the  ex- 
periments. The  accuracy  of  all  scales  should  be  verified  by 
standard  weights.  In  the  case  of  gas  or  water  meters,  special 
attention  should  be  given  to  their  calibration,  both  before  and 
after  the  trial,  and  at  the  same  rate  of  flow  and  pressure  as 
exists  during  the  trial. 

(a)  Gauges. — (See  Section  V.,  Steam  Engine  Code.) 

(b)  Thermometers.— {See  Section  V..  Steam  Engine  Code.) 

ic)  Indicator  Springs.— The  indicator  springs  should  be  calibrated 
witb  the  indicator  in  as  nearly  as  possible  the  same  condition  as  to 
temperature  as  exists  during  the  trial.  This  temperature  can  usually 
be  estimated  in  any  particular  case.  A  simple  way  of  heating  the  indi- 
cator is  to  subject  it  to  a  steam  pressure  just  before  calibration.  Com- 
pressed air,  or  compressed  carbonic  acid  gas,  are  suitable  for  the  actual 
work  of  calibration.  These  ga.ses  should  be  used  in  preference  to 
steam,  so  as  to  bring  the  conditions  as  near  as  possible  to  those  which 
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obtain  wben  the  Indicators  are  in  actual  use.  When  compressed  car- 
bonic acid  gas  is  used,  and  trouble  arises  from  the  clogging  of  the 
escape  valves  with  ice,  the  pipe  between  the  valve  and  gas  tank  should 
be  heated.  With  both  air  and  carbonic  acid,  the  pipes  leading  to  the  in- 
dicator should  also  be  heated  if  it  is  found  tliat  they  are  below  the  re- 
quired temperature.  The  springs  may  be  calibrated  for  this  class  of 
engines  under  a  constant  pressure,  if  desired,  and  the  mo&t  satisfactory 
method  is  to  cover  the  whole  range  of  pressure  through  which  the 
indicator  acts  ;  first,  by  gradually  increasing  it  from  the  lowest  to  the 
highest  point,  and  then  gradually  reducing  it  from  the  highest  to  the 
lowest  point,  in  the  manner  which  has  heretofore  been  widely  followed 
by  indicator  makers  ;  a  mean  of  the  results  should  be  taken.  The 
calibration  should  be  made  for  at  least  five  points,  two  of  these  being 
for  the  pressures  corresponding  to  the  maximum  and  miuimum  pres- 
sures, and  three  for  intermediate  points  equally  distant. 

The  standard  of  comparison  recommended  is  the  dead  weight  testing 
apparatus,  a  mercury  column,  or  a  steam  gauge,  which  has  been  proved 
correct  by  reference  to  either  of  these  standards. 

The  correct  scale  of  spring  to  be  used  for  working  out  the  mean  ef- 
fective pressure  of  the  diagrams  is  the  average  based  on  this  calibra- 
tion, ascertained  in  the  manner  pointed  out  in  Section  XIV.,  Steam 
Engine  Code. 

(d)  Gas  Meteks. — A  meter  used  for  measuring  gas  for  a  gas  engine 
should  be  calibrated  by  referring  its  readings  to  the  displacement  of 
a  gasometer  of  known  volume,  by  comparing  it  with  a  standard  gas 
meter  of  known  error,  or  by  passing  air  through  the  meter  from  a  tank 
in  which  air  under  pressure  is  stored.  If  the  latter  method  is  adopted, 
it  is  necessary  to  observe  the  pressure  of  the  air  in  the  tank  and  its 
temperature,  both  at  the  tank  and  at  the  meter,  and  this  should  be  done 
at  uniform  intervals  during  the  progress  of  the  calibration.  The 
amount  of  air  passing  through  the  meter  is  computed  from  the  volume 
of  the  tank  and  the  observed  temperatures  and  pressures. 

The  volume  of  the  gas  thus  ascertained  should  be  reduced  to  the 
equivalent  at  a  given  temperature  and  atmospheric  pressure,  corrected 
for  the  effect  of  moisture  in  the  gas,  which  is  ordinarily  at  the  satura- 
tion point  or  nearly  so.  We  rcconiniend  that  a  standard  be  adopted  for 
gas-engine  work,  the  same  as  that  used  in  photometry,  namely,  the 
equivalent  volume  of  the  gas  when  saturated  with  moisture  at  the 
normal  atmospheric  pressure  at  a  temperature  of  60  degrees  Fahr. 
In  order  to  reduce  the  reading  of  the  volume  containing  moist  gas  at 
any  •ther  temperature  to  this  standard,  multiply  by  the  factor 

459^4j-60  ^b  -  (20.92  -  8) 
459.4  -f  ^  ""  29.4 


in  which  b  is  the  height  of  the  barometer  in  inches*at  32  degrees  Fahr., 
tthe  temperature  of  the  gas  at  the  meter  in  degrees  Fahr.,  and  8  the 
vacuum  in  inches  of  mercury  corresponding  to  the  temperature  of  t 
obtained  from  steam  tables. 

For  calibrating  water  meters  refer  to  Section  V.,  Steam  Engine  Code* 
50 
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VI.  Duration  of  Test. — The  duration  of  a  test  should  depend 
largely  upon  its  character  and  the  objects  in  view  and  in  any  case 
the  best  should  be  continued  until  the  successive  readings  of  the 
rates  at  which  oil  or  gas  is  consumed,  taken  at  say  half-hourly 
intervals,  become  uniform  and  thus  verify  each  other.  If  the 
object  is  to  determine  the  working  economy,  and  the  period  of 
time  during  which  the  engine  is  usually  in  motion  is  some  part 
of  twenty-four  hours,  the  duration  of  the  test  should  be  fixed  for 
this  number  of  houjs.  If  the  engine  is  one  using  coal  for  gener- 
ating gas,  the  test  should  cover  a  long  enough  period  to  determine 
with  accuracy  the  coal  used  in  the  gas  producer;  such  a  test 
should  be  of  at  least  twenty-four  hours'  duration,  and  in  most 
cases  it  should  extend  over  several  days. 

VII.  Starting  and  Stopping  a  Test. — In  a  test  for  determin- 
ing the  maximum  economy  of  an  engine,  it  sho^uld  first  be  run  a 
suflScient  time  to  bring  all  the  conditions  to  a  normal  and 
constant  state.  Then  the  regular  observations  of  the  test 
should  begin,  and  continue  for  the  allotted  time. 

If  a  test  is  made  to  determine  the  performance  underworking 
conditions,  the  test  should  begin  as  soon  as  the  regular  prep- 
arations have  been  made  for  starting  the  engine  in  practical 
work,  and  the  measurements  should  then  commence  and  be  con- 
tinued until  the  close  of  the  period  covered  by  the  day's  work. 

VIII.  Measurement  of  Fuel. — If  the  fuel  used  is  coal  furnished 
to  a  gas  producer,  the  same  methods  apply  for  determining  the 
consumption  as  are  used  in  steam  boiler  tests.  (See  Code  of 
Rules  for  Conducting  Boiler  Tests,  Volume  XXI.,  p.  34.) 

If  the  fuel  used  be  gas,  the  only  practical  method  of  measure- 
ment is  the  use  of  a  meter  through  which  the  gas  is  passed.  Gas 
bags  should  be  placed  between  the  meter  and  the  engine  to 
diminish  the  variations  of  pressure,  and  these  should  be  of  a 
size  proportionate  to  the  quantity  used.  Where  a  meter  is  em- 
ployed to  measure  the  air  used  by  an  engine,  a  receiver  with  a 
flexible  diaphragm  should  be  placed  between  the  engine  and  the 
meter.  The  temperature  and  pressure  of  the  gas  should  be 
measured,  as  also  the  barometric  pressure  and  temperature  of 
the  atmosphere,  and  the  quantity  of  gas  should  be  determined 
by  reference  to  the  calibration  of  the  meter,  taking  into  account 
the  temperature  and  pressure  of  the  gas.     (See  Section  V.  (d ).) 

If  the  fuel  is  oil,  this  can  be  drawn  from  a  tank  which  is  filled 
to  the  original  level  at  the  end  of  the  test,  the  amount  of  oil 
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required  far  so  doing  being  weigLed  *  or,  for  a  small  eugine,  tbe 
oil  may  be  drawn  from  a  calibrated  vessel  such  as  a  vertical 
pipe, 

111  an  engine  usiofr  an  igniting  flame  the  gas  or  oil  required 
for  it  should  l>e  included  in  that  of  the  main  Kupply,  but  the 
amount  so  used  should  be  stated  separately,  if  possible. 

IX.  Meahi'Rement  op  Heat-Un'its  Consumed  m  the  Engikk. — 
The  number  of  heat- units  used  is  found  by  multiplying  the 
number  of  pounds  of  coal  or  oil  or  the  cubic  feet  of  gas  con- 
sumed, by  the  total  lieat  of  combustion  of  the  fuel  as  deter- 
mined by  a  calorimeter  test.  In  determining  the  total  heat  of 
combustion  no  deduction  is  made  for  the  latent  heat  of  the  water 
vapor  in  the  products  of  combustion.  There  is  a  difference  of 
opinion  on  the  propriety  of  using  this  higher  heating  value, 
and  for  purposes  of  comparison  care  must  be  taken  to  note 
whether  this  or  the  lower  value  has  been  used.  The  calorimeter 
recommended  for  determining  the  heat  of  combust: on  is  the 
Mahler,  for  solid  fuels  or  oil,  or  the  Junker,  for  gases,  or  some 
form  of  calorimeter  known  to  l>e  equally  reliable*  (See  Poole  on 
**The  Calorific  Power  of  Fuels/*) 

It  is  sometimes  desirable,  also,  to  have  a  complete  chemical 
analysis  of  the  oil  or  gas.  The  total  heat  of  combustion  may 
be  computed,  if  destredj  from  the  results  of  the  analysis,  and 
should  agi'ee  well  with  the  calorimeter  values.  (See  Section 
XVn.,  Boiler  Test  Code.) 

la.  usmg  the  gas  caloritneterp  wblcli  iuvdItos  tlie  detemjinatum  of 
the  volume  instead  of  tho  weiglit  of  the  ga^,  it  is  imp^jrlant  tluit  the 
regylta  should  lie  reduced  ii>  tbn  aume  tem|>emtuFe  as  tbftt  cor  respond- 
ing to  thfi  conditioisf^  r>f  the  engine  trial,  1'lje  formula  to  be  utied  for 
makiDg  tbe  reductiou  i.s  tliat  ah*cady  glv^en  in  Section  V,.  d. 

For  Lhe  purpose  of  making  the  calorimeter  test,  il  the  fuel 
used  is  coal  for  generating  gas  in  a  producer,  or  oil,  sfimples 
should  be  taken  at  the  time  of  the  engine  trii*l,  and  carefully 
preserved  for  subsequent  dettjrmination.  If  gas  is  used,  it  is 
better  to  have  a  gai^  calorimeter  on  the  spot,  samples  taken,  and 
the  calorim'^ter  test  made  while  the  trial  is  going  ou, 

X.  MEASl'EEMENr   OF  JACKET   WaTEB  TO    CVLLXDER  OB  CYLIN- 

DEBS^^The  Jacket  water  may  be  measured  by  passing  it  through 
a  water  meter  or  allowing  it  to  flow  from  a  measuring  tank 
before  entering  the  jacket,  or  by  collecting  it  in  tanks  on  its 
discharge.    If  measuring  tanks  are  usedj  the  same  system  of 
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arrangement  is  recommended  as  that  employed  for  feed  water 
measurements  in  boiler  and  steam-engine  tests.  (See  Section 
XI.,  Steam  Engine  Code.) 

XI.  Indicated  Horse-power. — The  directions  given  for  deter- 
mining the  indicated  horse-power  for  steam  engines  apply  in  all 
respects  to  internal  combustion  engines.  (See  Section  XIH., 
Steam  Engine  Code.) 

The  pipe  connections  for  indicating  gas  and  oil  engines  shoald  be  re- 
moved as  far  as  possible  from  the  ports  and  ignition  devices,  and 
made  preferably  in  the  cylinder  head.  The  pipes  should  be  as  short 
and  direct  as  possible.  Avoid  the  use  of  long  pipes,  otherwise  explo- 
sions of  the  gas  in  these  connections  may  occur. 

Ordinary  indicators  suitable  for  indicating  steam  engines  are  much 
too  lightly  constructed  for  gas  and  oil  engines.  The  pencil  mechanism, 
especially  the  pencil  arm,  needs  to  be  very  strong  to  prevent  injury  by 
the  sudden  impact  at  the  instant  of  explosion  ;  a  special  gas-engine 
indicator  is  required  for  satisfactory  work,  with  a  small  piston  and  a 
strong  spring. 

XII.  Brake  Horse-power. — The  determination  of  the  brake 
horse-power,  which  is  very  desirable,  is  the  same  for  internal 
combustion  as  for  steam  engines.  (See  directions  given  in  Sec- 
tion XV.,  Steam  Engine  Code.) 

XIII.  Speed. — The  same  directions  apply  to  internal  combus- 
tion engines  as  to  steam  engines  for  the  determination  of  speed, 
and  reference  is  made  to  Section  XVIL,  Steam  Engine  Code,  for 
suggestions  on  this  subject. 

In  an  engine  which  is  governed  by  varying  the  number  of  ex- 
plosions or  working  cycles,  a  record  should  be  kept  of  the 
number  of  explosions  per  minute  ;  or  if  the  engine  is  running 
at  nearly  maximum  load,  by  counting  the  number  of  times  the 
governor  causes  a  miss  in  the  explosions. 

One  way  of  mechanically  recording  the  explosions  is  to  attach  to  the 
exhaust  pipe  a  cylinder  and  piston  arranged  so  that  the  pressure  caused 
by  the  exhaust  gases  operates  against  a  light  spring  and  moves  a  regis- 
ter, which  is  provided  for  automatically  counting  the  number. 

XIV.  Kecording  the  Data. — The  time  of  taking  weights  and 
every  observation  should  be  recorded,  and  note  made  of  every 
event,  however  unimportant  it  may  seem  to  be.  The  pressures, 
temperatures,  meter  readings,  speeds,  and  other  measurements 
should  be  observed  every  20  or  30  minutes  when  the  conditions 
are  practically  uniform,  and  at  more  frequent  intervals  if  they 
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are  variable.  Observations  of  the  gas  or  oil  measurements 
should  be  taken  with  special  care  at  the  expiration  of  each  hour, 
so  as  to  divide  the  test  into  hourly  periods,  and  reveal  the  uni- 
formity, or  otherwise,  of  the  conditions  and  results  as  the  test 
goes  forward. 

All  data  and  observations  should  be  kept  on  suitably  pre- 
pared blank  sheets  pr  in  notebooks. 

XV.  Uniformity  of  Conditions. — When  the  object  of  the 
test  is  to  determine  the  maximum  economy,  all  the  conditions 
relating  to  the  operation  of  the  engine  should  be  maintained 
as  constant  as  possible  during  the  trial. 

XVI  Indicator  Diagrams  and  their  Analysis.— (a)  Sample 
Diagrams:  Sample  diagrams  nearest  to  the  mean  should  be 
selected  from  those  taken  during  the  trial  and  appended  to  the 
tables  of  the  results.  If  there  are  separate  compression  or  feed 
cylinders,  the  indicator  diagrams  from  these  should  be  taken 
and  the  power  deducted  from  that  of  the  main  cylinder. 

XVn.  Standards  of  Economy  and  Efficiency. — The  hourly 
consumption  of  heat,  determined  as  pointed  out  in  Article  IX., 
divided  by  the  indicated  or  the  brake  horse-power,  is  the  stand- 
ard expression  of  engine  economy  recommended.  • 

In  making  comparisons  between  tlie  standard  for  internal 
combustion  engines  and  that  for  steam  engines,  it  must  be 
borne  in  mind  that  the  former  relates  to  energy  concerned  in 
the  generation  of  the  force  employed,  whereas  in  the  steam  en- 
gine it  does  not  relate  to  the  entire  energy  expended  during  the 
process  of  combustion  in  the  steam  boiler.  The  steam  engine 
standard  does  not  cover  the  losses  due  to  combustion,  while 
the  internal  combustion  engine  standard,  in  cases  where  a  crude 
fuel  such  as  oil  is  burned  in  the  cylinder,  does  cover  these  losses. 
To  make  a  direct  comparison  between  the  two  classes  of  engines 
considered  as  complete  plants  for  the  production  of  power,  the 
losses  in  generating  the  working  agent  must  be  taken  into  ac- 
count in  both  cases  and  the  comparison  must  be  on  the  basis  of 
the  fuel  used ;  and  not  only  this,  but  on  the  basis  of  the  same  or 
equivalent  fuel  used  in  each  case.  In  such  a  comparison  where 
producer  gas  is  used,  and  the  producer  is  included  in  the  plant, 
the  fuel  consumption,  which  will  be  the  weight  of  coal  in  both 
cases,  may  be  directly  compared. 

The  thermal  efficiency  ratio  per  indicated  horso-power  or 
per  brake  horse-power  for  internal  combustion  engines  is  ob- 
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tained  in  the  same  manner  as  for  steam  engines  referred  to  in 
Section  XXI.,  Steam  Engine  Code,  and  is  expressed  by  the  frac- 
tion 

2545 

B.  T.  U.  per  H.  P.  per  hour. 

XVIII.  Heat  Balance. — For  purposes  qi  scientific  research, 
a  heat  balance  should  be  drawn  which  shows  the  manner  in 
which  the  total  heat  of  combustion  is  expended  in  the  various 
processes  concerned  in  the  working  of  the  engine.  It  may  be 
divided  into  three  parts :  first,  the  heat  which  is  converted  into 
the  indicated  or  brake  work ;  second,  the  heat  rejected  in  the 
cooling  water  of  the  jackets ;  and  third,  the  heat  rejected  in  the 
exhaust  gases,  together  with  that  lost  through  incomplete  com- 
bustion and  radiation. 

To  determine  the  first  item,  the  number  of  foot-pounds  of 
work  performed  by,  say,  one  pound  or  one  cubic  foot  of  the  fuel, 
is  determined ;  and  this  quantity  divided  by  778,  which  is  the 
mechanical  equivalent  of  one  British  thermal  unit,  gives  the 
number  of  heat-units  desired.  The  second  item  is  determined 
by  measuring  the  amount  of  cooling  water  passed  through  the 
jackets,  equivalent  to  one  pound  or  one  cubic  foot  of  fuel  con- 
sumed, and  calculating  the  amount  of  heat  rejected,  by  multi- 
plying this  quantity  by  the  difference  in  the  sensible  heat  oi 
the  water  leaving  the  jacket  and  that  entering.  The  third  item 
is  obtained  by  the  method  of  differences  ;  that  is,  by  subtracting 
the  sum  of  the  first  two  items  from  the  total  heat  supplied. 
The  third  item  can  be  subdivided  by  computing  the  heat  re- 
jected in  the  exhaust  gases  as  a  separate  quantity.  The  data 
for  this  computation  are  found  by  analyzing  the  fuel  and  the  ex- 
haust gases,  or  by  measuring  tho  quantity  of  air  admitted  to 
the  cylinder  in  addition  to  tliat  of  the  gas  or  oil. 

XIX.  Rkport  of  Test. — The  data  and  results  of  a  test  should 
be  reported  in  the  manner  outlined  in  one  of  the  following  tables, 
the  first  of  which  gives  a  complete  summary  when  all  tho  data 
are  determined,  and  the  second  is  a  shorter  form  of  report  in 
which  some  of  the  minor  items  are  omitted. 

XX.  Temperatures  Computed  at  Various  Points  of  the  In- 
dicator Diagram. — The  computation  of  temperatures  corre- 
sponding to  various  points  in  the  indicator  diagram  is,  at  best, 
approximate.     It  is  possible  only  where  tho  temperature  of  one 
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point  is  known  or  assumed,  or  where  the  amount  of  air  entering 
the  cylinder  along  with  the  charge  of  gas  or  oil,  and  the  tem- 
perature of  the  exhaust  gases,  is  determined. 

If  the  amoant  of  air  is  determined  for  a  gas  engine,  together  with  the 
necessary  temperatures,  so  that  the  volume  and  temperature  of  the  air 
entering  tlie  cylinder  per  stroke,  and  that  of  the  gas  are  known,  we  may, 
by  combining  thi:i  with  other  data,  compute  the  temperature  for  a  point 
in  the  compression  curve.  In  this  computation  we  must  allow  for  the 
volume  of  the  exhaust  gases  remaining  in  the  cylinder  at  the  end  of 
the  stroke.  The  temperature  at  the  point  in  the  compression  curve 
where  it  meets  or  crosses  the  atmospheric  line  will  be  given  by  the 
formula : 

__49]L4_r___ 

-*  —   Y"  ^   y>"  ^    Y>>;  —  'tow.* [^^)  , 

where  V  is  the  total  volume  corresponding  to  the  point  where  the  com- 
*  pression  curve  meets  or  crosses  the  atmospheric  line  ;  V"  the  volume 

of  the  air  at  atmospheric  pressure  entering  the  cylinder  during  each 
working  cycle,  reduced  to  the  equivalent  volume  at  83  degrees  Fahr.  ; 
V"  the  volume  of  the  gas  consumed  per  cycle  reduced  to  the  equiva- 
lent at  atmospheric  pressure  and  32  degrees  Fahr.  ;  and  V"  the  vol- 
ume of  the  exhaust  gases  retained  in  the  cylinder  reduced  to  the  same 
basis.  To  reduce  the  actual  volumes  to  those  at  82  degrees  Fahr,,  multi- 
ply by  the  ratios  of  491.4  -i-  (7"  +  459  4)  where  T  is  the  observed  tem- 
perature of  the  air  and  of  the  gas  used  as  fuel.  For  the  exhaust  gases 
retained  in  the  cylinder  at  the  end  of  the  stroke  T  may  be  taken  as 
the  temperature  of  the  exhaust  gases  leaving  the  engine,  provided  the 
engine  is  not  of  the  "  scavenging  "  type. 

Having  determined  the  temperature  of  a  point  in  the  compression 
curve,  the  temperature  of  any  point  in  the  diagram  may  be  found  by 
the  equation 

r»=(r+ 459.4;   J^-p- 459.4 (B), 

Here  Ti  is  the  desired  temperature  of  any  point  in  the  diagram  where 
the  absolute  pressure  is  7^,  and  the  total  volume  V  i  ;  and  Pand  Fare 
the  corresponding  quantities  for  the  point  in  the  compression  line  hav- 
ing the  temperature  7' computed  from  the  fonnula  {A). 

Formula  (B)  holds  only  wheic  the  weight  of  the  gases  contained  in  the 
cylinder  is  constant.  It  is  also  assumed  in  this  formula  that  the  den- 
sity of  the  gas  compared  to  air  at  the  same  temperature  and  pressure 
!s  the  same  before  and  after  explosion. 

A  second  method  may  be  eni])l()vod,  provided  the  air  which  enters 
the  cylinder  is  me.isured.  This  will  allow  for  any  difTerence  in  the 
density  of  the  gas  before  and  after  explosion,  and  more  exaet  values 
for  temperatures  on  the  expansion  curve  may  Ik*  obtained  than  by  the 
first  method. 

In  this  method  the  density  of  the  exhaust  gases  compared  to  air  at 
the  same  temperature  and  i)ressure  is  computed,  assuming  perfect  com- 
bustion, and  including  the  effect  of  the  water-vapor  present ;  and  from 
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this  density  the  volume  of  the  gases  exhausted  per  cycle  is  determined. 
If  the  volume  exhausted  per  cycle,  added  to  the  volume  of  the  gas 
retained  in  the  clearance  space  at  the  end  of  the  stroke,  be  called  V  in 
equation  B,  and  T  be  the  observed  temperature  of  the  exhaust  gases, 
this  equation  may  be  used  for  determining  the  temperature  of  any 
point  in  the  diagram  in  the  way  already  described.  This  method  is 
more  complicated  than  the  first,  as  it  involves  the  determination  of  the 
theoretical  density  after  explosion,  but  it  possesses  the  advantage  that 
it  may  be  applied  to  an  oil  as  well  as  to  a  gas  engine. 

A  third  method  of  computing  the  temperature  of  the  various  points 
in  the  diagram  may  be  employed  where  analyses  of  the  exhaust  gases 
as  well  as  of  the  fuel  have  to  be  made.  This  method  is  more  compli- 
cated than  the  first,  but,  in  common  with  the  second,  it  possesses  the 
advantage  that  it  may  be  applied  to  an  oil  as  well  as  to  a  gas  engine. 

In  applying  the  third  method  the  volume  of  the  exhaust  gases  dis- 
charged per  working  cycle  would  be  given  by  the  formula : 

r,  =  -^(i2tc  + w) (0) 

where  D  is  the  density  of  the  exhaust  gases  at  their  observed  temper- 
ature,  computed  from  the  analysis,  assuming  the  vapor  of  water  pro- 
duced through  burning  the  hydrogen  in  the  fuel  to  be  in  a  gaseous 
state,  R  the  weight  of  the  air  which  enters  the  cylinder  per  pound  of 
fuel,  and  w  the  weight  of  the  fuel  consumed  per  working  cycle  ;  the 
value  of  B,  providing  there  are  no  unconsumed  hydrocarbons,  may  be 
computed  by  employing  the  formula  : 

NC 

H  = (i>) 

.33  (CO,  4-  CO) 

where  N,  COa,  and  CO  represent  the  proportions,  by  volume,  of  the 
several  constituents  of  the  exhaust  gases,  and  C  the  weight  of  carbon 
consumed  and  converted  to  COa  or  CO  per  pound  of  fuel  burned,  com- 
puted from  the  analysis  of  the  fuel  and  of  the  exhaust  gases. 

Having  determined  the  volume  Fa  of  the  exhaust  gases,  formula  (B) 
may  be  used  in  computing  the  temperature,  in  which  case  T  will  rep- 
resent the  temperature  of  the  exhaust  gases  as  in  the  second  method, 
P  the  pressure  of  the  exhaust,  and  V  the  volume  of  the  exhaust  gases 
Fa  discharged  per  stroke,  added  to  the  volume  of  the  gases  retained  in 
the  cylinder  at  the  end  of  the  stroke. 

The  value  of  B  given  in  equation  (D)  is  approximate,  on  account  of 
the  fact  that  the  i)ercentage  of  A^  should  be  that  due  to  the  air  alone, 
and  not  that  due  to  the  air  in  addition  to  that  contained  in  the  fuel  gas. 
Where  extreme  accuracy  is  desired,  the  value  found  for  R  may  be  used 
to  determine  the  percentage  of  JV  which  in  the  analysis  of  the  exhaust 
gases  is  due  to  the  N  in  the  fuel  gas,  and  this  value  may  be  subtracted 
from  the  total  iV  shown  by  the  analysis  of  the  fuel  gases,  in  order  to 
obtain  the  correct  value  of  iV  to  be  used  in  equation  (i>). 
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TABLE  No.  4. 
Data  and  Eesults  of  Test  of  Gas  or  Oil  Engine. 

Arranged  accordiDg  to  the  Complete  Form  advised  bj  the  Engine  Test  Com- 
mittee, American  Society  of  Mechanical  EngiDeera.     Code  of  1902. 


1.  Made  by of. 

on  engine  located  at 

to  determine 


2.  Date  of  trial 

8.  Type  of  engine,  whether  oil  or  gas. 


4.  Class  of  engine  (mill,  marine,  motor  for  vehicle,  pumping,  or  other). 

5.  Namber  of  revolutions  for  one  cycle,  and  class  of  cycle 

6.  Method  of  ignition 


7.  Name  of  builders 

8.  Gas  or  oil  used 

(a)  Specific  gravity deg.  Fahr. 

(ft)  Burning  point '* 

(e)  Flashing  point •' 

9.  Dimensions  of  engine  : 

l8t  Cyl.  2d  Cyl. 

(a)  Class  of  cylinder  (working  or  for   compressing 

the  charge)  

(6)  Vertical  or  horizontal 

(e)  Single  or  double  acting 

(d)  Cylinder  dimensions 

Bore in. 

Stroke  . . .  ^ ft. 

Diameter  piston  rod  in . 

Diameter  tail  rod  in . 

(e)  Compression   space  or  clearanco  in  per  cent,   of 

volume  displaced  by  piston  per  stroke 

Head  end 

Crank  end 

Average 

(/)  Surface  in  square  feet  (average) 

Barrel  of  cylinders 

Cylinder  heads 

Clearance  and  i)orts  

Ends  of  piston  

Piston  rod 

(g)  Jacket  surfaces  or  internal  purfarcs  of  cylinder 
heated  by  jackets,  in  sciuaru  iev.t 
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Barrel  of  cylinder 

Cylinder  heads 

Clearance  and  ports 

(A)  Horse-power  constant  for  one  lb.  M.  E.  P.,  and 
one  revolution  per  minute 

10.  Give  description  of  main  features  of  engine  and  plant,  and  illustrate  with 

drawings  of  same  given  on  an  appended  sheet.     Describe  mexhod  of  gov- 
erning.    State  whether  the  conditions  were  constant  throaghout  the  test. 

TotcU  Quantities, 

11.  Duration  of  test hours. 

18.  Gas  or  oil  consumed cu.  ft.  or  lbs. 

18.  Air  supplied  in  cubic  feet cubic  feet. 

14.  Coolinfif  water  supplied  to  jackets ** 

15.  Calorific  value  of  gas  or  oil  by  ca'.orimeier  test,  determined  by 

calorimeter B.  T.  U. 

Hourly  Quantities. 

16.  Gas  or  oil  consumed  per  hour cu.  ft.  or  lbs. 

17.  Cooling  water  supplied  per  hour lbs. 

Pressures  and  Temperatures. 

18.  Pressure  at  meter  (for  gas  engine)  in  inches  of  water ins. 

19.  Barometric  pressure  of  atmosphere: 

(a)  Reading  of  height  of  barometer ** 

(&)  Reading  of  tem])erature  of  barometer deg.  Fahr. 

{c)  Reading  of  barometer  corrected  to  32°  Fahr ins. 

20.  Temperature  of  cooling  water  : 

(a)  Inlet deg.  Fahr. 

(&)  Outlet : 

21.  Temperature  of  gas  at  meter  (for  gas  engine) , ** 

22.  Temperature  of  atmosphere  : 

{a)  Dry-bulb  thermometer " 

(6)   Wet-bulb  thermometer ** 

{c)  Degree  of  humidity per  cent. 

23.  Temperature  of  exhaust  gases deg.  Fahr. 

How  determined 

Data  Relating  to  Heat  Measurement. 

24.  Heat  units  consumed  per  hour  (lbs.  of  oil  or  cu.  ft.  of  gas  per 

hour  multiplied  by  the  total  heat  of  combustion) B.  T.  U. 

25.  Heat  rejected  in  cooling  water: 

{a)  Total  per  hour ** 

(&)  In  per  cent,  of  heat  of  combustion  of  the  gas  or  oil  con- 

sumed per  cent. 

26.  Sensible  beat  rejected  in  exhaust  gases  above  temperature  of 

inlet  air  : 

{a)  Total  per  hour B.  T.  U 

(6)  In  per  cent,  of  heat  of  combustion  of  the  gas  or  oil  con- 
sumed   per  cent. 


^ 
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27.  Heat  lost  through  incomplete  combustion  and  radiation  per 

hour: 

(a)  Total  per  hour B.  T.  U. 

(6)  In  per  cent,  of  heat  of  combustion  of  the  gas  or  oil  con- 
sumed   per  cent. 

J^eedf  Etc. 

28.  Revolutions  per  minute rev. 

29.  Average  number  of  explosions  per  minute 

How  determined . 

30.  Variation  of  speed  between  no  load  and  full  load rev. 

81.  Fluctuation  of  speed  on  changing  from  no  load  to  full  load 

measured  by  the  increase  in  the  revolutions  due  to  the  change. 

Indicator  Diagrams, 

IstCyl.      ad  Cyl 

82.  Pressure  in  lbs.  per  sq.  in.  above  atmosphere  : 

(a)  Maximum  pressure 

{b)  Pressure  jutt  before  ignition 

(c)  Pressure  at  end  of  expansion 

(d)  Exhaust  pressure 

88.  Temperatures  in  deg.  Fahr.  computed  from  diagrams : 

(a)  Maximum  temperature  (not  necessarily  at  maxi- 
mum pressure) 

(p)  Just  before  ignition 

(e)  At  end  of  expansion , 

(d)  During  exhaust 

81.  Mean  effective  pressure  in  lbs  per  sq.  in 

Power. 

85.  Power  as  rated  by  builders  : 

(a)  Indicated  horsepower H.  P. 

(b)  Brake " 

86.  Indicated  horse-power  actually  developed  : 

First  cylinder " 

Second  cylinder •* 

Total 

87.  Brake  H.  P.,  electric  H.  P.,  or  pump  H.  P.,  according,  to  the 

class  of  engine " 

88.  Friction  indicated  H.  P.  from  diagrams,  with  no  load  on  engine 

and  computed  for  average  speed ** 

89.  Percentage  of  indicated  H.  P.  lost  in  friction per  cent. 

Standard  Efficiency  Results. 

40.  Heat  units  consumed  by  the  engine  per  hour  : 

(«)  Per  indicated  horse-power B.  T.  U. 

(6)  Per  brake  horse-power •* 

41.  Heat  units  consumed  by  the  engine  jht  minute  : 

(o)  Per  indicated  horse-power 

(6)  Per  brake  horse-power •* 
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42.  Thermal  eflSciency  ratio : 

(a)  Per  indicated  horse-power per  cent 

(b)  Per  brake  horse-power " 

Miscellaneotts  Efficiency  Results. 

43.  Cubic  feet  of  gas  or  lbs.  of  oil  coii?umed  per  H.  P.  per  hour  : 

{a)  Per  indicated  horse-power 

(6)  Per  brake  horse-power 

Heat  Balance, 

44.  QuaDtities  given  in  per  cents,  of  the  total  heat  of  combustion 

of  the  fuel : 

(a)  Heat  equivalent  of  indicated  horse  power per  cent. 

(6)  Heat  rejected  in  cooling  water " 

(c)  Heat  rejected  in  exhaust  gases  and  lost  through  radia- 

tion and  incomplete  combustion ** 

•      Sum  =    100        ** 
Subdivisions  of  Item  (c) : 

(cl)  Heat  rejected  in  exhaust  gases ** 

(c2)  Lost  through  incomplete  combustion *  * 

{cZ)  Lost  through  radiation,  and  unaccounted  far ** 

Sum  =  Item  (c) 

AOditional  Data. 

Add  any  additional  data  bearing  on  the  particular  objects  of  the  test  or  relating 
to  the  special  class  of  service  for  which  the  engine  is  to  be  used.     Also  give 
copies  of  indicator  diagrams  nearest  the  mean  and  the  corresponding  scales. 
Where  analyses  are  made  of  the  gas  or  oil  used  as  fuel,  or  of  the  exhaust  gases,  , 
the  results  may  be  given  in  a  separate  table. 


TABLE  No.  5. 

Data  and  Eesults  of  Standard  Heat  Test  of  Gas  or  Oil 

Engine. 

Arranged  according  to  the  Short  Form  advised  by  the  Engine  Test  Committee, 
American  Society  of  Mechanical  Engineers.     Code  of  190*2. 

1.  Made  by of 

on  engine  located  at 

to  determine 

2.  Date  of  trial 

3.  Type  and  class  of  (Mi<riue 

4.  Kind  of  fuel  used 

{a)  Specific  gravity deg.  Fahr. 

(6)  Burning  point *' 

{c)  Flashing  point ** 
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6.  DimeDsions  of  engine : 

l8t  Cyl.       2d  Cyl. 

(a)  Class  of  cylinder  (working  or  for  compressing  the 

charge) 

(b)  Single  or  double  acting 

(c)  Cylinder  dimensions  : 

Bore ..  in. 

Stroke ft. 

Diameter  piston  rod in. 

{d)  Average  compression  space,  or  clearance  in  per 

cent 

(e)  Horse-power  constant  for  one  lb.  M.  E.  P.   and 

one  revolution  per  minute 

TotcU  Quantities, 

6.  Duration  of  test hours. 

7.  Gas  or  oil  consumed cu.  fi.  or  lbs. 

8.  Cooling  water  supplied  to  jackets 

9.  Calorific  value  of  fuel   by  calorimeter  test,  determined   by 

calorimeter B.  T.  U. 

Pressures  and  Temperatures. 

10.  Pressure  at  meter  (for  gas  engine)  in  inches  of  water ins. 

11.  Barometric  pressure  of  atmosphere  : 

(a)  Reading  of  barometer *  * 

(6)  Eleading  corrected  to  3'3  degs.  Fahr *' 

12.  Temperature  of  cooling  water  : 

(a)  Inlet deg.  Fahr. 

(6)  Outlet 

(c)  Degree  of  humidity " 

18.  Temperature  of  gas  at  meter  (for  gas  engine) ** 

14.  Temperature  of  atmosphere  : 

(o)  Dry  bulb  thermometer ** 

(6)  Wet  bulb  thermometer '* 

16.  Temperature  of  exhaust  gases *' 

Data  Relating  to  Ile.at  Measurement. 

16.  Heat  units  consumed  per  hour  (pounds  of  oil  or  cubic  feet  of 

gas  per  hour  multiplied  by  the  total  heat  of  combustion). . .  B.  T.  IT. 

17.  Heat  rejected  in  cooling  water  per  hour " 

Speed,  Etc. 

18.  Revolutions  per  minute rev. 

19.  Average  number  of  explosions  i)er  minute 


Indicator  Diagrams. 
20.  Pressure  in  lbs.  per  sq.  in.  above  atraospliere  : 


lit  Cj..      2d  Cjl. 


(a)  Maximum  prossuro 

(6)  Pressure  just  befon*  i«ruitiou. 
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(c)  Pressure  at  end  of  expansion . 

(d)  Exhaust  pressure . . 

(e)  Mean  effective  pressure 


Patoer. 

21.  Indicated  horse-power : 

First  cylinder • 

Second  cylinder 

Total 

22.  Brake  horse-power 

23.  Friction  horse-power  by  friction  diagrams 

24.  Percentage  of  indicated  horse-power  lost  in  friction per  cent. 

Standard  Efficiency,  and  Other  ResvUa, 

25.  Heat  units  consumed  by  ths  engine  per  hour  : 

(a)  Per  indicated  horse-power B.  T.  U. 

(6)  Per  brake  horse-power ** 

26.  Pounds  of  oil  or  cubic  feet  of  gas  consumed  per  hour : 

(a)  Per  indicated  horse-power lbs.  or  ca.  ft. 

(6)  Per  brake  horse-power ** 

Additional  Data, 

Add  any  additional  data  bearing  on  the  particular  objects  of  the  test  or  relating 
to  the  special  class  of  service  for  which  the  engine  is  to  be  used.  Also  give 
copies  of  indicator  diagrams  nearest  the  mean,  and  the  corresponding  scales. 
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No,  974.* 

DISCUSSION  ON  THE  PRELIMINARY  FORMS  OF  THE 
REPORT  OF  COMMITTEE  ON  STANDARDIZING 
ENGINE  TESTS. 

Dr.  R.  H.  Thurston. — I  have  read  the  report  and  the  attached 
matter  with  great  interest  and  pleasure.  It  impresses  me  as  a  well- 
considered,  thoroughly  well-digested  study  of  the  subject  assigned 
to  the  Committee.  The  reduction  of  the  standard  to  its  final  and 
ultimate  form,  the  mechanical  equivalent  of  heat,  and  the  employ- 
ment of  the  measure  of  the  number  of  thermal  units  per  horse- 
power-hour as  the  gauge  of  efficiency  of  the  system,  is  logical  and 
exact  and  the  reminder  that  it  in  no  way  interferes  with  the  use, 
each  in  its  proper  place,  of  the  more  familiar  and  usual  measures 
of  economical  performance  is  timely. 

The  fact  that  there  may  be  many  "  efficiencies,"  and  that  there 
is  a  series  of  such  quantities,  in  the  operation  of  the  heat-engines, 
from  the  point  at  which  combustion  occurs  up  to  the  final  delivery 
of  the  power  of  the  engine  to  the  machinery  of  transmission,  and 
from  the  latter  to  the  point  of  receipt  of  energy  by  the  driven 
mechanism,  is  too  seldom  understood.  It  cannot  be  too  strongly 
impressed  upon  the  average  reader  of  the  Code  that  when  ''  effi- 
ciency "  is  referred  to  it  is  necessary  to  have  it  distinctly  under- 
stood which  of  the  efficiencies  in  the  series,  or  what  total  efficiency, 
is  intended.  I  think  that  the  Report  of  the  Committee  of  the 
British  Institution  of  Civil  Engineers  on  the  Standard  Efficiency 
may  be  improved,  somewhat,  in  this  respect,  and  the  action  of  this 
Committee  is,  in  my  opinion,  wise  in  abstaining  from  its  adoption 
without  qualification.  Each  of  the  efficiencies  has  its  place  and 
its  purpose,  and  that  form  of  expression  is  adopted  by  the  engineer 
which  is  appropriate  to  his  work  at  the  moment.  He  sometimes 
finds  it  necessary  to  employ  the  ahsolute  measure,  which  is  the 
Joule  Equivalent,  as  a  standard  of  efficiency  ;  sometimes  the  rela- 
tive efficiency  of  a  Carnot  cycle  becomes  the  standard ;  sometimes 


♦Presented  at  th«  meetiiifi^s  at  Milwaukee  (May,  1901),  New  York  (December, 
1901),  and  Boston  (May,  1002). 
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the  proposed  relative  standard,  that  of  the  Rankine  or  Clausius 
cycle  without  compression  and  with  complete  expansion ;  sometimes 
it  should  be  the  relative  efficiency  of  the  ideal  cycle  which  the 
indicator-diagram  of  the  engine  studied  most  exclusively  approxi- 
mates which  is  needed  for  comparative  study  and  for  a  standard 
of  perfection  of  the  engineer's  work.*  I  think  that  this  logical 
relation  and  sequence  of  the  efficiencies  cannot  be  too  carefully 
kept  in  view  and  the  necessity  of  exact  definition  of  any  form  of 
that  much  abused  expression  cannot  be  too  constantly  kept  in 
mind.  As  I  remarked  in  the  discussion  of  the  preliminary  draft 
of  this  report : — 

"  Each  has  its  proper  place  and  purpose,  and  neither  can  stand 
for  another,  any  more  than  the  Rankine  and  Clausius  ideal  dia- 
grams, sometimes  confused,  can  be  substituted  the  one  for  the 
other." 

The  plan  of  this  report  seems  to  me  excellent  and  the  system  of 
small  type  comment  most  helpful.  The  whole  will  serve  admir- 
ably as  a  hand-book  relative  to  its  subject. 

In  section  ix,  the  Committee  advise  that  no  deduction  be  made 
for  wastes  by  auxiliaries  "  unless  these  are  shown  by  the  test  to  be 
unduly  wasteful."  I  should  think  it  wise  further  to  provide  that, 
in  such  cases,  the  method  of  waste  and  its  extent,  as  compared 
with  the  wastes  of  the  main  engine  or  other  standard  of  known 
value  be  reported  definitely. 

The  recommendations  of  the  Committee  regarding  the  avoidance 
of  the  use  of  the  three-way  cock,  except  where  absolutely  unavoid- 
able, are  most  excellent.  We  have  had  a  large  experience  in  our 
regular  laboratory  work. with  locomotive  testing  and  have  never 
had  any  serious  difficulty  in  securing  the  use  of  a  pair  of  indi- 
cators; but,  even  then,  the  connections  are  often  longer  than 
could  be  wished.  As  stated  in  tlie  preliminary  discussion,  "  Mak- 
ing daily  trips  on  the  D.  L.  &  W.  liailroad,  between  Ithaca  and 
Owego,  at  various  speeds  and  with  various  weiglits  of  train,  we 
find  no  difficulty  in  this  direction,  or,  in  fact,  in  getting  all  the 
data  we  seek,  including  power,  speed,  steam,  and  gas  temperatures, 
water-supply,  and  quality  of  steam." 

I  am  glad  to  see  that  the  Committee  has  observed  the  desirability 
of  defining  tiie  point  of  cut-off  on  the  ordinary  indicator-diagram 
and  has  endeavored  to  give  it  an  authoritative  location.     It  is  of 

*  Proc.  I^rit.  Inst.  C.  E.  March  24,  1898;  Journal  Franklin  Institute,  Dec.  1896; 
Manual  of  the  Steam-Eugine,  4th  Edit.,  Vol.  I.,  Chap.  viii. 
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lass  importance  to  ideotify  the  true  equivalent  cLit^jff  than  it  is  to 
lix  some  ilefinite  ami  acceptable  convention  regarding  it.  I  think 
the  Committee  have  good  reason  to  place  the  point  as  reporteil, 
and  hope  that  the  method  proposed  will  become  universally  recog- 
nized as  standard. 

I  am  not  as  confident  reganling  the  acceptance  of  the  **  hyper- 
bolic curve  '*  as  a  standard  expansion-line,  I  think  there  are 
occasians  when  the  **  curve  of  constant  weight,*'  which  can  be 
easily  obtained  and  accurately  laid  down  by  reference  to  the 
steam -tables,  would  be  preferable,  if  not  necessary.  With  large 
ratios  of  expansion,  also,  either  the  adiabatic,  or  the  curve  of  con- 
stant weight,  or  the  actual  curve  of  the  diagram,  will  be  found  to 
depart  very  considerably  from  the  equilateral  hyperbola.  Rankine's 
hj^perbolaj?^^!^  =  const,,  in  such  cases  departs  widely  from  the 
others,  I  think  that  the  values  of  n  in  pv^  —  const,,  n  =  1 ; 
n  =  1,133,  n  =  1,0646,  all  have  their  places  in  such  discussions, 
like  the  various  efficiencies;  but  I  think  there  is  no  place  for 
n  ^  y.  The  most  generally  useful  and  uamdly  most  suitable  stand- 
ard Jn  my  opinion,  is  that  in  which  n=  1,0646;  since  it  always 
gives  a  measure  of  the  specific  volume  of  the  steam  and  of  the 
quantity  of  the  **  cylinder-condensation  ''  at  any  given  point  during 
expansion.  The  equilateral  hyperbola^  however,  will  often  be 
found  convenient  for  approximations,  with  low  ratios  of  expansion. 

The  adoption  of  the  hour  as  the  unit  of  time  will  prove,  I  am 
'sure,  a  good  move.  It  is  often  very  annoying  to  find  the  time- 
unit,  in  tlie  same  report,  to  be  stated  as  the  second  in  one  set  of 
data  and  the  hour  in  another,  without  retiuetion  of  the  one  to  the 
other  measure, 

I  desire  to  be  permitted  to  congratulate  the  Committee  on  tlie 
excellent  form  which  their  report  has  taken,  and  to  express  appre- 
ciation of  the  conscientious  work,  the  patience,  the  care,  and  the 
expert  skill  which  have  been  erabotlied  in  what  I  anticipate  and 
hof^  will  prove  a  standartl  and  a  guide,  for  many  years,  for  all 
who  have  to  do  with  this  kind  of  work. 

Mr.  H.  Wade  flibbard. — I  have  never  yet,  in  my  personal  ex- 
perience of  ten  years,  found  it  to  be  "impracticable  "  to  use  two 
indicators  on  each  cylinder  of  two-eylindered  locomotives  in 
froad  tests.  The  three-way  cock  should  be  omitted.  The  indi- 
cator pipf^s  need  not,  as  a  rule,  be  over  one  foot  in  length.  The 
two  indicators  are  placed  outBide  the  side  line  of  the  slide-valve 
steam  chest.  This  is  in  criticism  of  a  ^mall  portion  of  section 
51 
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xiiL,  the  paragraph  of  five  lines  in  large  type  between  the  two 
long  paragraphs  in  small  type. 

Mr,  A,  F.  Nagle.  —  Referring  to  paragraph  2,  "the  term 
*  engine '  a?  here  used  should  include  the  entire  equipment 
which  is  concerned  in  the  production  of  the  power,  embracing 
the  main  cylinder  or  cylinders,  the  jacket  and  reheaters,  the 
air,  circulating,  and  boiler-feed  pumps,  if  steam-driven,  and  any 
other  steam-driven  mechanism  necessary  to  the  working  of  the 
engine,"  it  should  be  noted  that  the  Committee  has  made  no 
.explanation  of  what  shall  be  done  to  calculate  the  efficiency  of 
engines  where  the  auxiliary  machinery  is  electrically-driven 
instead  of  steam-driven.  It  seems  to  me  that  the  committee 
ought  to  take  this  matter  up  and  define  how  the  calculation 
should  be  made  with  this  changed  application  of  power.  Pos- 
sibly they  thought  it  such  an  uneconomical  method — a  mere 
fad  in  engineering  practice — that  it  would  not  survive  long 
enough  to  be  treated  respectfully  by  them ;  but  it  is  here  at 
present,  and  I  think  the  Committee  should  provide  for  it.  For- 
tunately, electric  power  is  far  more  easily  measured  than  steam 
power,  and,  for  that  reason,  would  not  the  simplest  way  be  to 
deduct  from  the  electrical  output  of  the  main  generator  the 
amount  of  current  used  to  drive  these  auxiliaries  (assuming  the 
engine  to  drive  a  generator)  ? 

It  is  a  small  matter,  but  I  would  suggest  that  the  notation 
for  high  and  low  pressure  cylinders  be  expressed  in  small  let- 
ters instead  of  capitals.  The  capitals  '*H"  and  *•  P "  are  so 
commonly  used  for  the  abbreviation  of  horse-power  that  it  will 
be  well  not  to  use  them  elsewhere,  if  it  can  be  avoided. 

In  passing,  I  should  like  to  have  the  committee  define  the 
word  "  preheater,"  now  used  by  some  engineers.  What  is 
meant  by  it,  I  believe,  is  a  feed-water  heater  inserted  in  the  ex- 
haust pipe  between  the  low-pressure  cylinder  and  the  condenser. 
There  is  at  least  one  engine,  the  Nordberg.  where  these  so-called 
preheaters  are  introduced  between  the  different  expansion  cyl- 
inders. We  lia\e  reheaters  for  heating  steam  in  its  passage 
from  one  cylinder  to  another  in  multiple-cylinder  engines. 
Shall  we  have  preheaters  for  Ijeating  feed  water,  and  how  shall 
we  distinguish  between  a  preheater  and  the  ordinary  feed- water 
heater?  Occasionally,  for  many  years  past,  a  feed  water  heater 
has  been  placed  in  the  exhaust  pipe  of  a  condensing  engine, 
although  its  utility  was  questioned  until  the  more  accurate  en- 
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gineeriug  practice  of  t!ie  day  establialicd  its*  exact  value.  Shall 
w©  now  give  up  that  name,  iiutl  call  it  a  pre  heater?  Shall  we 
continue  to  speak  of  exhaust  steam  feed-water  heaters  when 
applied  to  nou- condensing  engiuee,  and  call  them  preheaters 
wheu  used  in  comleusing  engines?  It  is  an  exhaust  steam  feed- 
water  heater  in  either  case.  Why,  then,  give  it  a  new  name  ?  In 
the  caaa  of  the  Kordberg  system  of  heating  the  feed  water  in 
suceessiTe  stages  by  the  exhaust  steam  from  each  one  of  the  cyl- 
inders of  a  mnUiple-cylinder  engine,  there  may  be  a  propriety 
in  naming  them  preheaters,  but  I  am  not  Bure  that  even  in  that 
case  it  is  necessary.  It  is  a  new  word  in  our  nomenclatnre, 
and  I  would  like  to  know  whether  the  Committee  would 
endorse  its  use;  and,  if  so,  to  have  them  clearly  define  its 
meaning. 

Mr.  TV.  IF.  Ch/'islte. — John  Perry  in  his  book  on  the  steam' 
engine,  pages  312,  313,  says  in  part  that  "the  latest  determina- 
tion of  the  average  heat  energy  required  to  raise  one  pound  of 
water  one  tlegree  (called  Joule's  equivalent)  from  0  degi'ee  C. 
to  100  degrees  C,  J  is  by  Prot  O.  lleynolds,  and  is  1,399  foot- 
pounds. Notice  that  Begnault'a  heat  given  to  water  from  0 
degree  C»  to  100  degrees  C  is  100.5  units.  According  to  Key- 
nolds  this  is  equivalent  to  139,9(M>  foot-pounds/* 

For  too  units  it  would  be  1:^9,3  Hi;  for  one  unit,  1,593  foot- 
pounds Centigrade  scale,  or  774  on  the  Fahrenheit  scale — not 
778,  as  used  in  section  xxi.  of  the  final  report,  nor  77!^,  as  is  some-^ 
times  given. 

What  I  should  like  to  have  made  clear  is,  wliy  is  778  used, 
and  if  no  satisfactory  reason  can  be  given,  why  should  we  not 
use  774  in  our  engine*efficieney  ealenlationa?  The  same 
remarks  would  apply  also  to  section  xviL  of  **  Rules  for  Con 
ducting  Tests  of  Gas  and  Oil  Engines."* 


DISCUSSIONS     DECEIVED     SINCE     THE     MEETIKG     OF    THE     SOCIETY     W 

MILWAUKEE. 

Mr.  ArUmr  *L  Fr!tk — Referring  to  the  question,  "Whether 
the  higher  or  lower  heat  of  cooibustiou  should  be  used  in  com- 
puting tlae  heat  consumption  of  an  engine/'  I  understand  the 
question  to  refer  to  internabcomluistion  engines,  and  that  the 
Mffher  heat  of  (yimhtdlnn  is  the  total  number  of  British  tber* 
mal  units  of  the  fuel  when  completely  consumed  ;  while  the 
lower  heat  of  combustion  is  obtained  by  deducting,  from  the 
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above,  the  latent  heat  of  the  water  vapor  contained  in  the  prod- 
ucts of  combustion. 

That  the  British  thermal  units  represented  by  the  latent  heat 
of  the  water  vapor  is  an  amount  of  energy  that  has  no  useful 
eflfect  on  the  thermo-dynamic  cycle  seems  to  be  evident,  and  it 
appears  that  it  is  immaterial  whether  the  water  vapor  is  formed 
during  the  progress  of  combustion,  by  the  chemical  union  of 
the  elements  of  the  fuel,  and  the  oxygen  of  the  air  supplied  for 
its  consumption,  or  whether  it  was  a  percentage  of  liquid  water, 
originally  a  part  of  the  fuel,  and  afterwards  vaporized  by  the 
burning  of  the  fuel ;  its  presence  in  the  exhaust  gases  at  a 
temperature  far  above  its  point  of  vaporization,  represents 
energy  present  as  sensible  heat  and  as  latent  heat,  the  sensible 
heat  of  the  steam  being  as  capable  of  performing  useful  work 
on  the  piston  as  if  it  were  present  in  a  fixed  gas ;  but  the  latent 
heat  has  neither  raised  the  temperature  nor  increased  the  pres- 
sure or  volume  beyond  that  of  any  fixed  gas  with  about  the  same 
amount  of  sensible  heat,  and  has  been,  so  far  as  the  working 
cycle  is  concerned,  absolutely  inert.  Its  expenditure  in  this 
manner  is,  therefore,  evidently  detrimental  to  the  power  plant — 
that  is,  to  the  engine  and  whatever  method  is  used  for  burning 
the  fuel — and  the  only  question  that  is  pertinent,  is  how  and  to 
what  item  should  you  charge  this  loss  in  figuring  the  heat  bal- 
ance in  a  thermo-dynamic  discussion. 

If  the  object  of  a  trial  is  simply  a  commercial  one  to  deter- 
mine the  quantity  of  a  particular  fuel  used  in  a  particular  engine, 
then  the  question  is  immaterial,  and,  as  the  simplest  method, 
the  higher  heat  of  combustion  should  be  used  to  obtain  the  final 
efficiency  and  should  be  entered  in  a  subheading  in  a  standard 
table  for  engine  tests.  But  when  the  object  is  to  be  able  to 
compare  the  trial  of  one  engine  with  that  of  another,  or  the 
performance  of  like  engines  under  varying  conditions,  it  is  im- 
portant that  items  that  will  obscure  the  actual  conditions  should 
be  eliminated.  As  English  tests  of  gas  engines  are  based  on 
the  lower  heat  of  combustion,  ours  would  not  be  strictly  com- 
parable unle-s  in  a  standard  system  of  testing  there  be  a  head- 
ing for  the  low^er  heat.  Even  if  the  higher  heat  be  used  and 
recorded  under  a  sub  heading. 

The  presence  of  water,  or  the  formation  of  water  vapor,  is  no 
fault  of  the  mechanism  of  the  engine.  It  is  characteristic  of  the 
fuel  used,  and  if  it  occasions  a  loss  of  energy,  that  loss  should 
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be  elmrgecl  to  tlio  fuel  in  such  a  way  aa  not  to  militate  against 
the  perforinanee  of  the  engine.  Now  tliif^  is  what  tlie  use  of  tke 
lower  lieat  of  combustion  does  ;  it  gives  the  efficieney  of  the 
engine,  as  determined  by  the  actual  number  of  effective  British 
thermal  nnits  delivered  to  the  engine,  making  the  efficiency 
obtained  independent  of  any  water  in  the  particular  fuel  used. 
The  efiFect  on  the  fuel  might  bo  represented  as  a  percentage  such 
as  efficiency  of  fuelj  so  that,  for  commercial  purposes,  the 
product  of  engine  efficiency  by  fuel  efficiency  would  give 
efficiency  of  power  plant  as  against  the  true  efficiency  of  the 
engine- 

The  argument  that  *'  because  in  an  oil  or  gas  engine  the  steam 
does  its  proportion  of  work  in  the  cylinder  along  with  the  other 
gasesj  it  is  therefore  unfair  to  deduct  the  heat  contained  in  the 
amouut  exhausted/*  confuses  the  diflerent  conditions  of  steam 
and  gas  engines.  Of  course,  the  steam  does  its  proportion  of 
work  in  the  cylinder,  and  in  doing  so  eKpends  part  of  its  sensi- 
ble heat,  and  the  remaining  sensible  heat  is  accounted  for  in 
the  heat  balance  undisturbed*  It;  is  the  latent  heat  only  that  it 
is  proposed  to  deduct,  and  the  latent  heat  has  been  inert  through 
the  entire  cycle  and  does  not  V>elon  4  to  the  problem  of  an  engine 
using  a  non  condensing  medium.  In  this  it  differs  from  a  steam 
engine,  where  steam  condenses  in  the  cylinder  and  the  latent 
heat  must  be  cousidei'ecL 

In  the  discns!^ion  of  the  trials  of  steam  engines  it  is  proposed 
to  us^e,  ill  the  heat  diiicussion,  under  certain  circumstances,  a 
standard  boiler  with  an  efficiency  of  HU  per  cent,  and  a  standartl 
coal  with  a  calorific  value  of  12,500  British  thermal  units ; 
1 1  this  is  done,  I  Ijelieve,  in  order  that  the  efficiency  of  the  engine 
may  be  expressed  in  terms  which  will  be  independent  of  any 
particular  boiler  or  particular  coal,  and  ^thus  tests  uoder  a 
,  large  variation  of  circumstances  may  be  compared*  Why  then 
shoiUd  we  not  dry  the  isame  for  the  internal-combustion  engine, 
use  a  unit  of  measurement  that  will  give  the  efficiency  of  the 
engine  indepenJent  of  an  aocidentally  inert  but  disturbing  con- 
stituent of  the  fuel,  and,  if  the  efficiency  of  power  plant  be 
desired,  multiply  it  by  the  efficiency  of  the  fuel  to  obtain  an 
efficiency  of  the  two  combined  ?  And  i«  it  not  possible  ami  de- 
sirable to  have  a  standard  gaa  and  a  standard  oil  of  stated  effect- 
ive calorific  value  to  which  the  efficiency  of  gas  and  oil  engines 
may  be  referred  for  the   purpose  of  mutual  comparison,  while 
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various  oils,  and  natural,  producer,  or  other  gases,  would  have 
efficiencies  as  compared  to  these  standards? 

Mr,  F,  II,  Ball, — Keferring  to  the  part  of  the  report,  Section 
XX.,  where  diagrams  are  given  for  purposes  of  illustration,  one  of 
the  lines  of  the  diagram  is  supposed  to  represent  "pressure  at 
throttle."  Nothing  is  said  as  to  how  this  throttle  pressure  is  to  be 
determined.  The  Committee  must  be  aware  that  the  throttle  pres- 
sure does  not  correspond  with  the  gauge  pressure  in  the  boiler;* 
neither  does  it  correspond  with  the  highest  pressure  shown  in  the 
cylinder;  how  then  is  the  throttle  pressure  to  be  determined  in  con- 
ducting an  engine  trial?  It  is  not  customary  to  attach  an  indicator 
to  the  steam  pipe  at  the  throttle  (although  this  is  an  excellent  thing 
to  do),  but  even  if  indicator-diagrams  are  taken  from  the  throttle, 
a  widely  fluctuating  pressure  will  be  shown  by  these  diagrams,  a 
minimum  pressure  appearing  during  the  time  of  admission  to  the  cyl- 
inder, and  when  cut-off  takes  place  a  violent  rise  in  pressure  occurs, 
sometimes  reaching  the  full  gauge  pressure,  or  going  above  it,  by 
reason  of  an  action  of  the  steam  similar  to  the  well-known  "  water 
hammer  "  in  hydraulics.  Any  one  who  has  taken  these  steam  pipe 
diagrams  must  be  aware  that  they  often  show  a  fluctuation  of  10  or 
15  pounds  in  the  pressure,  and  in  some  cases  even  more.  The  Com- 
mittee must  be  aware  of  this  state  of  things,  and  yet  we  are  not 
told  how  to  locate  the  line  representing  pressure  at  the  throttle. 
If  the  metliod  of  locating  this  line  is  left  to  the  judgment  of  each 
engineer,  Avhat  prospect  is  there  of  any  similarity  in  the  system 
adopted,  and  even  if  a  steam  pipe  diagram  were  available  in  each 
case,  what  does  the  Committee  advise  as  standard  practice  in  de- 
termining throttle  pressure  when  it  fluctuates  even  to  the  extent 
of  10  pounds  during  each  stroke.  It  is  certainly  unfortunate  that 
a  committee  of  the  Society  should  make  recommendations  to  en- 
gineers, with  a  view  to  standardizing  tlie  reports  of  engine  trials, 
and  leave  a  matter  of  this  kind  entirely  Avitliout  any  possible 
standard.  Would  it  not  liave  been  better  to  have  used  the  gauge 
pressure  at  tlie  boiler  in  the  proposed  theoretical  diagrams,  rather 
than  to  guess  at  the  throttle  pressure?  Having  adopted  this,  the 
practice  would  be  absoUUoly  uniform  in  every  case,  and  where  a 
large  difference  is  found  between  the  boiler  pressure  and  the 
highest  pressure  on  the  piston,  then  a  steam  pipe  diagram  should 
certainly  be  taken  to  determine  to  what  extent  this  loss  is  due  to 
piping,  and  to  what  extent  it  is  due  to  wire  drawing  in  the  ports 
of  the  engine. 
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While  on  the  subject  of  pi^sur^,  it  seems  to  mo  that  the  Coin- 
mitteo  is  making  a  mistake^  also,  in  regard  to  e^Dhatiat  pressures. 
The  same  uncertainty  which  exists  as  to  the  pressure  in  the  steam 
pi[ie  at  the  throttle,  exists  also  in  regard  to  the  prt^ssuro  iu  the 
exljaust  pii>e  where  it  attaches  to  the  engine,  and  any  attempt  to 
use  the  pressure  in  the  exhaust  pipe  iu  constructing  tlieoretical 
diagrams  for  comparison,  will  lead  to  the  same  confusion  which  I 
have  described  in  tlie  matter  of  determining  tlie  steam  pressure 
at  the  throttle.  Even  if  an  indicator  is  attaohetl  to  the  exlianst 
pipe  near  the  engine,  it  will  show  a  considerable  fluctuation ,  so 
that  the  engineer  ninst  decide  what  should  be  the  exhaust  pre.'ssure, 
and  of  coui^se  there  is  no  reason  to  expect  any  similarity  in  the 
work  of  different  engineers  in  determining  a  question  of  this  kind. 
If  the  Comtnittee  had  tl:ougIit  best  to  recommend  the  use  of  the 
atmospheric  pressure  in  the  case  of  non -condensing  engines,  and 
of  the  pressure  in  the  condemn f*  in  the  case  of  condensing  engines, 
the  practice  would  then  be  uniform,  and  the  work  done  by  different 
engineei's  would  cori-espund  in  the  mutter  of  these  theoretical 
diagrams  used  for  comparison.  Of  course  in  a  case  where  a  groat 
discrepancy  appeal's  betvveen  tlie  lowest  pressure  on  tlie  piston  and 
the  pressure  at  the  end  of  exhaust  pipe  (whether  discharging  into 
the  atmosphere  or  the  condenser)  then  an  investigation  should  be 
made  with  the  in<licator,  to  determine  to  what  extent  the  piping 
is  responsible  for  this  difference. 

If  the  recommendations  of  this  Committee  are  to  be  generally 
adopted  by  engineers,  the  methods  must  be  clearly  describetl  in 
terms  so  explicit  as  to  leave  no  excuse  for  any  difference  in  the 
work  done  in  conformity  with  the  proposed  standards,  and  for 
that  reason  T  think  tliat  part  of  the  report  relating  to  pressures  is 
very  faulty.  It  seems  to  irie,  also,  that  it  is  of  the  greatest  ijn- 
portance  that  tiie  standartls  |n*oposail  by  this  Committee  should  be 
as  few  in  number  as  possible  ;  for  instance,  is  it  not  a  serious  mis- 
take tluit  this  Committee  should  recommend  tim  different  sys- 
tems for  determining  the  "'  ratio  of  expansion  V^  It  is  proposed  to 
adopt  a  *^  commercial  ratio  '*  of  expansion  and  also  an  "  ideal " 
mtio  of  expansion* 

The  restdt  of  this  confusion  about  the  ratios  of  expansion  is 
almost  certain  to  be  that  the  wliole  matter  will  be  disregtii'detl 
by  engineers  and  will  become  a  dead  letter.  Instead  of  the  two 
systems  proposed  Ijy  the  ('■(nnmittee,  if  it  had  been  proposed 
to  determine  the  ratio  of  expansion  by  comparing  the  gauge 
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pressure  with  the  theoretical  terminal  pressure  of  the  expansion 
curve,  which  should  be  obtained  by  continuing  the  expansion 
curve  from  the  point  of  release  to  the  end  of  the  diagram,  the 
method  would  have  been  easily  understood,  easily  remembered, 
and  would  be  more  easily  used  than  any  of  the  proposed  methods. 
Referring  to  Fig.  130,  it  will  be  seen  that  in  order  to  determine 
the  "  ideal  ratio"  of  expansion  it  is  necessary  to  construct  the  ex- 
pansion  curve  by  a  theoretical  process  from  O  to  S^  and  also  the 
compression  curve  by  a  similar  process  from  P  to  i?.  Any  error 
in  these  curves  must  result  in  a  corresponding  error  in  the  length 
of  the  line  RS.  If  instead  of  this  proposed  method  the  Committee 
had  recommended  a  method  which  requires  only  the  theoretical 
continuation  of  the  expansion  curve  from  the  point  of  release  to 
the  end  of  the  diagram,  the  possible  error  would  certainly  be  less 
than  it  would  be  in  the  construction  of  two  theoretical  curves  of 
considerable  greater  length,  as  in  the  method  proposed  by  the 
Committee. 

Referring  again  to  Fig.  130,  suppose  the  terminal  pressure,  al- 
ready referred  to,  is  20  pounds  above  absolute  vacuum,  and  suppose 
the  boiler  pressure  or  gauge  pressure  is  120  pounds  above  vacuum, 

120 
then  the  ratio  of  expansion  is  - —  =  6. 

This  certainly  is  simpler  than  either  of  the  proposed  standards, 
and  less  liable  to  error.  Why  do  we  require  anything  more  in 
regard  to  ratios  of  expansion  ? 

Diagram  Factors. 

The  Committee  has  thought  best  to  propose  three  diagram  fac- 
tors; one  called  the  "commercial"  factor  and  two  called  the 
"ideal"  factor,  without  any  special  name  to  distinguish  between 
the  two  ideal  factors.  What  I  have  just  said  about  the  undesira-' 
bility  of  several  standards  for  measuring  the  ratios  of  expansion, 
applies  also  to  the  propgsed  standards  for  diagram  factors,  and  I 
think  the  report  of  the  Committee  would  have  been  stronger  and 
better  received  by  engineers  if  only  a  single  factor  had  been  recom- 
mended, but  I  think  the  same  criticism  which  I  have  made  regard- 
ing throttle  pressure  and  exhaust  pressure,  in  connection  with  the 
ratios  of  expansion,  will  apply  to  this  case  also,  and  it  would  have 
been  better  to  have  used  gauge  pressure  and  the  pressure  at  the 
end  of  exhaust  pipe. 
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In  Fig.  137*,  the  proposed  "Commercial**  ratio  is  applied 
to  the  combined  diagrams  from  a  compound  engine.  I  heartily 
approve  the  plan  of  comparing  the  areas  of  the  actual  dia- 
grams with  the, area  of  a  theoretical  diagram  representing  the 
expansion  of  an  equal  volume  of  steam  A  R,  Mr.  Sederholm, 
in  his  discussion  of  this  report  at  the  Milwaukee  meeting,  calls 
attention  to  the  fact  that  it  is  only  the  steam  represented  by  the 
volume  between  the  expansion  and  compressed  curves  that  has 
really  been  used,  and  this  is  true.  It  is,  therefore,  absurd  to 
compare  this  with  a  larger  volume,  which  is  just  what  is  done 
when  all  the  steam  between  the  clearance  line  and  the  expansion 
curve  is  used  as  a  theoretical  basis,  of  comparison. 

The  proposed  method  of  making  the  line  ML  equal  to  ^^is 
certainly  correct,  because  we  are  supposed  to  be  following  the 
theoretical  expansion  of  the  volume  AR  continuously  to  the 
pressure  at  //.  It  seems  to  me,  however,  that  the  proposed  plan 
would  be  improved  if  the  offset  in  the  theoretical  diagram  at 
receiver  pressure  was  eliminated,  so  that  the  expansion  and  com- 
pression curves  of  the  theoretical  diagram  would  be  continuous. 
The  diagram  factor  would  be  exactly  the  same  in  either  case, 
but  there  is  quite  a  difference  in  the  appearance  of  the  diagram. 
Also,  it  is  a  much  simpler  process  to  construct  the  tl^eoretical 
diagram  without  offsets  in  its  curves. 

The  object  of  combining  diagrams  from  a  compound  engine 
is  to  compare  the  performance  of  the  engine  as  a  whole  with 
the  expansion  of  an  equal  volume  of  steam  to  the  same  terminal 
pressure  in  a  single  cylinder.  The  theoretical  diagram  used 
as  a  basis  of  comparison  should  therefore  be  a  single-cylin- 
der diagram.  It  will  be  found  convenient  to  use  the  clearance 
of  the  low-pressure,  cylinder  in  making  the  compression  curve 
of  the  theoretical  diagram,  and,  in  reducing  the  length  of  high- 
pressure  diagram  by  the  cylinder  ratio,  it  may  be  constructed 
so  that  its  compression  curve  coincides  with  the  curve  of  the 
theoretical  diagram.  This  subject  is  presented  at  some  length 
in  vol.  XV.  of  Transaf'iioiiH  of  the  American  Society  of  Mechan- 
ical Engineers,  page  4()7. 

The  method  proposed  by  the  Committee,  which  produces  the 
offsets  in  the  curve,  does  not  n^sult  in  any  error  in  the  factor, 


*  This  figure  forinpd  part  of  the  report  at  tlie  time  of  Mr.  Ball's  discussion.    It 
was  removed  from  the  report  and  is  hwa  reproduced. 
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or  at  least  Eoue  dus  to  these  curves ;  but  I  think  any  method  of 
measurement  wliich  does  not  include  the  area  of  the  triangle 
Q  V  D  is  wrong  and  should  be  corrected.  It  muet  he  borne  in 
mind  that  when  these  diagrams  are  combined  we  are  not  seek- 
ia^  a  diagTam  factor  for  each  cylinder  separately,  but  for  the 
combined  ]>erformance  compared  with  a  corresponding  total 
expansion  in  a  single  cylinder.  If  we  wei-e  seeking  the  diagram 
factor  of  the  high-pressure  diagram  only,  we  should  use  the  line 
C  D  as  the  end  of  the  diagram,  aud  if  we  were  seeking  the  dia- 
gram factor  of  the  low-p!:essiire  diagram  we  should  not  use  M  L 
as  the  initial  volume  ;  but  when  the  diagrams  are  combined  then 
31  i  is  the  correct  volume  at  receiver  pressure,  and  the  area  of 
Q  CD  must  also  be  included. 

Mt\  Willtam  Kent — There  is  only  one  point  I  wish  to  em- 
phasize, which  is  that  \  thoroughly  approve  of  the  action  of  the 
Committee  in  recommend ing  in  paragraph  2  of  the  Keporfc  that 
in  determining  the  total  heat  of  combustion  of  a  fuel  no  deduction 
is  to  he  made  for  the  latent  heat  of  the  water  vapor  in  the  prod- 
ucts of  combustion. 

The*  figut-es  for  heating  value  of  coal  generally  adopted  in 
America  and  in  France  are  those  actually  found  bj^  the  Mahler  or 
othei*  oxygen  calorimeter.  I  have  gone  into  the  argument  to  a 
considerable  extent  in  my  recent  book  on  Steam  Boiler  Economy, 
pages  22  to  24,  showing  the  great  difficulties  we  get  into  w^hen 
we  try  to  use  the  lower  heat  value,  that  is,  the  total  heating 
value  less  the  latent  heat,  as  the  Germans  do.  I  think  it  quite 
likely  tliat  the  latent  heat  dtscliargetl  by  a  gas  engine  may  some 
day  be  made  use  of  by  some  form  of  economizer  or  heater  of  the 
air  or  of  the  oil  or  gas,  and  in  the  case  of  boiler  practice  it  may 
already  be  made  use  of  by  an  economizer  when  the  water  is  very 
cokh  The  scientiflc  method  is  the  one  which  the  French  aud  the 
Americans  have  generally  used,  I  do  not  think  we  should  adopt 
the  German  or  English  method  at  all.  The  total  calorimetrlc 
heat  value  is  now  universally  adopted  in  French  and  American 
hterature,  and  1  see  no  rtmson  %vhv  we  shouhl  change  it. 

I  would  ask  the  Committee  before  finally  printing  their  report 
to  amend  the  third  panigraph  of  section  vii.  It  says  that  the  test 
of  a  complete  plant  embracing  boiler's  and  engina'3  should  continue 
at  least  twenty- four  bours^  but  that  a  continuous  coal  test  of  a  boiler 
1^ engine  should  be  at  legist  ten  hours  duration.  These  two  state- 
iiimts  thus  placed  together  are  ambiguous.     If  the  feed  water  test 
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of  an  engine  should  last  five  hours,  and  a  continuous  coal  test  of 
a  boiler  and  engine  ten  hours,  what  kind  of  a  test  is  it  which  should 
be  run  twenty-four  hours  ? 

Mr.  Win.  0.  Webber. — I  have  carefully  read  over  the  final  report, 
Paper  978,  and  wish  to  add  my  testimony  to  that  of  Dr.  Thurston 
as  to  the  thorouglmess  with  wliich  this  paper  has  been  prepared. 
I  can  see  only  one  or  two  points  of  minor  importance  to  criticise. 
One  in  the  notes  of  section  viii.,  "  Starting  and  Stopping  of  En- 
gine Test."  In  the  notes  it  says,  "  It  is  important,  also,  to  refrain 
from  blowing  off  the  water  column  or  its  connecting  pipes,  either 
during  the  progress  of  the  test  or  for  a  period  of  an  hour  or  more 
prior  to  its  beginning."  This  does  not  seem  to  me  to  be  quite 
strong  enough.  I  should  change  the  word  "  important ''  for 
"  imperative." 

Also  in  regard  to  marking  the  height  of  water  in  the  gauge 
glass  in  a  convenient  way.  I  would  strongly  advise,  if  a  paper 
scale  is  used,  that  the  height  of  the  water  at  the  commencement 
of  a  test  be  marked  on  the  paper  scale  with  a  pencil  so  as  to  be 
absolutely  fixed,  or  if  a  paper  scale  be  not  used,  that  this  height 
be  marked  by  tying  a  colored  string  around  the  water  glass  with 
the  ends  then  carefully  fastened  to  one  of  the  protecting  rods  at 
the  side  of  the  glass  and  sealed  with  sealing  wax  so  that  it  cannot 
be  moved,  and  that  the  water  in  the  boilere  be  kept  during  the  test 
as  nearly  as  possible  at  this  fixed  height- 
It  certainly  does  make  a  difference,  both  in  regard  to  the  surface 
of  the  steam  escaping  space  in  a  boiler  and  the  rapidity  with  which 
steam  may  be  made,  and  also  as  to  the  priming  of  a  boiler  and 
the  entrainment  of  water  into  the  cylinders  of  an  engine,  if  there 
is  a  great  variation  in  the  level  of  the  water  in  the  boilers  during 
the  test. 

Referring  to  section  xv.,  "  Brake  Horse- Power,"  I  have  re- 
peatedly used  both  the  I'opo  brakes  and  band  brakes,  and  wish 
to  put  myself  on  record  as  believing  that  there  may  be  some  other 
forms  of  brake  which  are  more  generally  suited  to  exact  conditions 
than  the  rope  brake. 

It  would  seem  to  the  writer  that  a  form  of  band  brake  such  as 
is  shown  in  vol.  xv.,  page  G2,  of  the  Tram^dctlons^  or  some 
simple  modification  of  a  band  brake  might  be  used,  which  would 
be  fully  as  convenient  and  not  so  liable  to  accidents  due  to  the 
slipping  off  of  the  rope  brake,  or  the  prevention  of  accidents  by 
raising  the  weight  attached  to  the  rope  brake  to  a  dangerous 
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extent.  I  should  fully  agree  with  the  remarks  of  Dr.  Thurston 
on  this  point. 

I  would  also  agree  with  the  discussion  as  outlined  by  Mr.  F.  H. 
Ball  under  the  head  of  "  Ratio  of  Expansion,"  section  xx.,  that 
but  one  ratio  should  be  use,  and  that  the  "  Commercial." 

The  same  remarks  apply  to  diagram  factors. 

In  the  first  place,  I  believe  very  strongly  in  the  simplification  of 
reports  and,  as  far  as  possible,  the  elimination  of  alternate  meth- 
ods of  describing  a  result,  and  that,  therefore,  we,  as  a  Society, 
should  adopt  that  form  which  more  nearly  complies  with  actual 
practice. 

Further,  I  do  not  see  the  use  of  an  "  ideal "  unless  such  '*  ideal " 
can  be  one  that  is  "  absolute,"  and  as  this  is  practically  impossible, 
if  it  is  decided  to  have  the  dual  standard,  I  would  agree  with  Mr. 
James  B.  Stan  wood  that  the  term  "  ideal "  should  be  changed  to 
"conventional,"  reiterating,  as  before,  that  this  "ideal  "  or  "con- 
ventional" ratio  represents  something  which  is  both  meaningless 
and  useless,  and  liable  to  create  confusion  and  contention  between 
possible  opposing  parties. 

I  have  also  been  an  advocate  of  the  printing  of  the  items  describ- 
ing the  more  important  data  in  a  larger  or  fuller  face  type  than 
the  rest  of  the  report,  so  that  the  business  man  who  is  short  of 
time  and  wishes  merely  to  get  at  the  ultimate  object  of  the  test 
can  turn  at  once  to  the  items  which  state  the  economical  result, 
thus  more  readily  catching  the  eye,  that  is,  referring  to  Table 
No.  1,  I  would  print  items  No.  lOG  and  No.  107  in  full-face 
type. 

I  would  also  strongly  advocate  the  publication  by  the  Society 
of  report  blanks  stating  that  tlie  ])hink  is  tli(3  form  advised  by  the 
American  Society  of  Mechanical  Engineers,  and  selling  these 
blanks  to  the  members  at  a  slight  advance  over  their  cost. 

These  two  latter  items  may  seem  rather  trivial,  but  it  is  the 
belief  of  the  writer  that  they  would  lend  considerable  weight  to 
such  reports  and  at  the  same  time  bring  the  work  of  the  Society 
more  prominently  before  the  business  j)ublic. 

Mr,  R.  S,  Hale, — The  Conmiittee  has  done  an  admirable  piece 
of  work  for  which  we  all  owe  them  h(\'U'ty  thanks. 

If  anything  they  have  done  too  niiicli,  and  too  good  work,  and 
have  given  us  a  code  which  is  unwieldy  for  ordinary  testing,  and 
have  included  so  many  different  standards  and  definitions  that  it 
will  require  far  more  labor  to  write  the  report  of  an  engine  test 
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than  to  make  it,  and  more  labor  to  read  the  report  than  to  write. 
I  should  have  preferred,  for  instance,  either  to  leave  out  the  various 
parts  referring  to  the  hyperbolic  curve  as  a  standard  for  the  expan- 
sion-diagram, or  else  to  recognize  more  clearly  that  this  curve  has 
no  real  basis  in  the  laws  which  govern  the  expansion  of 
steam. 

It  would  also  have  been  simpler  to  adopt  the  English  standard 
for  engine  testing  pure  and  simple  (omitting  all  question  of  the 
auxiliaries),  and  then  to  have  adopted  a  code  for  a  "  plant "  test  to 
include  auxiliaries  boilers  and  all  parts  of  the  plant. 

Paragraphs  2  and  3  provide  for  charging  the  engine  with  all 
steam  used  by  auxiliaries,  and  for  not  crediting  the  engine  with  any 
power  developed  by  these  auxiliaries.  Of  course,  the  auxiliary  ques- 
tion is  a  troublesome  one,  but  it  should  be  clearly  understood  that 
this  method  puts  a  premium  on  driving  auxiliaries  from  the  main 
engine,  as,  for  example,  by  shafting,  or  electrical  means.  Further, 
it  may  give  trouble  in  many  cases ;  for  instance,  what  would  be  the 
allowance  in  case  the  feed  water  or  condenser  water  is  supplied 
under  pressure  from  the  city  mains  ?  Such  an  arrangement  would 
not  make  the  steam  engine  any  more  efficient. 

As  to  paragraph  8, 1  think  it  is  very  ill  advised.  There  are  to- 
day very  few  steam  engines  which  do  not  have  a  much  larger 
reserve  of  capacity  than  would  be  called  for  by  this  definition,  and 
if  engine  sellers  should  adopt  any  such  rule  as  this  in  rating  en- 
gines it  would  involve  revising  the  rating  of  nearly  every  engine 
on  the  market. 

Would  it  not  be  far  better  to  give  each  engine  two  ratings,  a 
rating  for  best  economy,  and  a  rating  for  maximum  capacity,  than  ^ 
to  attempt  to  state  a  definite  ratio  between  the  two  ?  Sometimes 
an  engine  is  designed  to  give  its  best  results,  all  things  considered, 
at  its  maximum  power.  Such  an  engine  might  be  well  designed 
for  the  particular  work  it  was  to  do,  and  yet  our  engine  code 
would  condemn  it  as  not  having  25  per  cent,  excess  capacity. 
Sometimes  an  engine  is  designed  to  give  the  best  results  at  a  very 
small  fraction  of  the  work  it  could  do  if  pushed  to  the  limit ;  i.e,y  a 
100  horse-power  engine  might  be  capable  of  doing  250  horse-power 
on  a  pinch.  The  engine  code  could  then  allow  this  to  be  called  a 
200  horse-power  engine  which  would  be  double  its  proper  rating. 
It  would  be  much  simpler  and  better  to  either  omit  the  paragraph 
altogether,  or  to  ask  that  both  the  economic  rating  and  the 
maximum  rating  should  be  given.    The  latter  would  be  in  accord- 
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anee  with  present  gtxxl  practice.  The  definition  proposed  by  the 
Coininittee  is,  I  venture  to  say,  not  aceordiDg  to  the  tn^st  practice 
of  to-dav  in  rating  enmnes. 

In  regiird  to  units,  I  Ymve  never  been  able  to  see  why  the  unit 
of  evaponition  (9tj6  British  tlierraal  units)  was  not  as  useful  and 
convenient  a  unit  in  engine  testing  as  it  is  in  boiler  testing.  If  in- 
stead of  British  thermal  nnits  per  hoi'se- power  j^er  hour  or  pe- 
minute  wo  sltould  express  the  engine  performance  in  units  of 
evaporation  per  horso-power  per  hour,  we  should  then  be  able  to 
tmnslate  water  per  horse- power  par  hour  back  into  coal  per  horse- 
power per  hour  with  great  ease,  the  moment  the  boiler  perform- 
ance is  stated. 

Section  V,  (d).  Water  meier  teMing.- — ^I  prefer  when  ]x>ssiblo  to 
weigh  a  known  quantity  of  water,  taking  corresponding  meter 
readings.  The  graduations  on  most  meter  dials  are  not  very  ac- 
curate, and  if  the  meter  reading  is  taken  for  a  given  quantity  of 
water,  there  is  less  chance  of  error  than  if  the  meter  is  shut  off  at  a 
given  point  and  tlie  water  then  weighed- 

Section  ¥i.  Leakage  U^fB. — Note  should  \m  made  of  the  risk 
that  the  density  of  the  water  in  the  gauge  glas.H  connections  or  in 
the  boi lei's  may  change  unless  care  is  taken.  For  instance,  in  a 
plant  with  six  boilei^s,  if  only  one  or  two  are  kept  working  lightly 
the  steam  pressure  maybe  mainUiined  while  the  others  may  be 
cooling  down,  so  tliat  tlie  water  in  them  becomes  much  more  dense 
and  apparently  goes  <»ff  as  leakage* 

Mt\  Charlm  U.  Manfdng. — Section  vi»  **  The  Leakage  of  Pis- 
tons/' etc.  In  my  opinion  tlieonly  way  of  arriving  at  any  reliable 
knowledge  of  tlie  condition  of  the  piston  as  to  tightness  is,  upon 
stopping  the  engine  after  a  regular  run^  to  take  off  one  cylinder 
head,  block  the  ports  or  detach  the  valves  at  tftat  end  and  then 
ptit  the  engine  up  to  speed,  and  you  will  find  that  wlierc,  by  the 
Committee's  method,  the  piston  might  show  a  considemble  leak, 
when  running  it  is  almost  absolutely  tigiiL  The  valve  chests  of 
Corhss  engines  when  heated  up  distort  the  cylinder,  antf  pistons 
will  frequently  show  leaks  when  near  the  end  of  stroke,  though 
Miny  are  tight  during  90  degrees  of  stroke. 

Mr.  A,  K.  MaffifjieUL—^efemng  to  section  j,,  to  the  effect 
that  the  specific  objcict  of  the  test  should  first  be  ascertained,  it  is 
sometimes  tlie  case  that  tho  economy  of  the  whole  steam  plant  is 
to  be  determined,  while  it  often  occurs  that  the  economy  and 
aipacity  of  the  engine  alone  are  the  objects  to  be  ascertained. 
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The  latter  case  is  the  only  one  I  have  specially  in  mind,  that 
being  of  most  usual  interest  to  the  engine  builder. 

In  planning  an  engine  to  meet  given  conditions,  first  consider- 
ations are  under  what  pressure  of  steam  the  engine  will  be  oper-  • 
ated  and  against  what  back  pressure.  In  other  words,  in  laying 
out  imaginary  cards  to  plan  the  distribution  of  steam  and  to  con- 
sider the  economy  with  which  the  steam  may  be  used,  from  which 
consideration  the  guarantees  of  the  builder,  both  as  to  capacity  and 
economy  are  made,  an  important  item  is  the  pressure  of  the  steam, 
which  is  delivered  to  the  engine  and  therein  expanded  (for  the 


Fig.  138. 


higher  this  pressure  the  less  the  amount  of  steam  used  per  horse- 
power per  hour),  while  another  important  item  is  the  back  pressure 
acting  on  the  engine  (for  the  lower  this  pressure  the  less  the  amount 
of  steam  used  y^er  horse-power  per  hour). 

In  making  contracts  for  engines  there  is  much  confusion  relative 
to  these  items,  which  produces  controversy  and  sometimes  leads  to 
litiiration,  owinff  to  the  use  of  uncertain  phrases  in  the  contracts 
some  of  which  I  find  in  these  rules  for  conducting  tests,  but  with- 
out suitable  definition.  The  phrases  I'eferred  to  in  the  rules  are 
"boiler-pressure,"  ^'pressure  at  throttle,"  and  ^' initial  pressure," 
and  the  question  I  wish  to  discuss  is  which  of  these  quantities  is 
of  interest  to  the  engine  builder,  and  how  is  it  to  be  determined 
and  defined. 

As  to  the  term  "  boiler  pressure"  the  pressure  at  the  engine  is 
rarely  the  same  as  that  at  the  boiler ;  moreover  the  pressure  in  the 
engine  is  commonly  measured  with  an  engine  indicator,  while  that 
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at  the  boiler  is  commonly  taken  from  the  reading  of  a  steam  gauge, 
an  instrument  which  may  not  be  classed  with  an  indicator  for 
reliable  determinations  of  pressure.  Might  it  not  be  well,  tliere- 
fore,  to  specify  that  the  boiler  pressure  should  be  determined  by 
an  indicator  if  it  is  desirable  to  know  the  exact  boiler-pressure  at 
the  time  of  a  test. 

The  term  '^  throttle  pressure  "  is  an  exceedingly  uncertain  quan- 
tity, as  has  been  pointed  out  by  Mr.  Ball.  If  a  steam  gauge  be 
applied  at  or  near  the  throttle,  and  its  cock  be  opened  wide,  its 
needle  will  usually  fluctuate  violently  when  the  engine  is  in  opera- 


FiG.  139. 

tion.  If  the  needle  be  quieted  by  nearly  closing  the  cock,  the 
reading  of  the  gauge  is  made  totally  unreliable  thereby  ;  therefore, 
we  very  much  need  a  definition  as  to  what  is  meant  by  "  throttle 
pressure,"  if  the  term  is  to  be  continued. 

The  term  "initial  pressure"  is  probably  intended  to  refer  to  the 
actual  pressure  realized  in  the  cylinder  during  admission,  but  this 
pressure  often  falls  during  admission,  which  may  bo  due  to  faults 
of  the  engine,  or  may  be  due  to  faulty  installation  of  the  steam- 
pipe  between  engine  and  boiler,  or  to  a  throttle  sejmrator,  or  to 
the  fact  that  another  enf^ine  is  takin^^  steam  from  the  same  header. 

Figs.  138-140  represent  actual  indicator  cards  from  cylinder 
and  throttle,  which  illustrate  this  matter.  It  will  be  seen  that 
neither  "  throttle  pressure"  nor  "  initial  pressure  "  can  be  readily 
determined  from  them  without  soni(3  agreed-upon  definition  as  to 
what  is  meant  by  the  terms.  Would  not  this  be  a  good  time  and 
place  to  make  an  effort  to  arrive  at  such  a  definition  ?  It  will  be 
clear  that  the  throttle  cards  represent  in  each  of  these  cases  the 
insufficiency  of  the  steam-pipe  to  deliver  steam  at  boiler-pressure 
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to  the  cylinder  during  admission.  Therefore,  these  cards  may 
commonly  bo  used  to  determine  tlie  efficiency  of  the  steam  pipe. 
They  also  indicate  in  conjunction  with  the  cylinder  cards  the 
efficiency  of  the  port  areas  and  passages,  for  the  distance  between 
the  lower  line  of  the  throttle  card  and  the  admission  line  of  the 
cylinder  card  represents  loss  of  pressure  between  throttle  and 
cylinder. 

For  the  purpose  of  the  builder  of  the  engine,  who  seeks  to  make 
it  economical  in  the  use  of  steam  of  a  given  pressure,  "  initial 
pressure  "  may  clearly  be  considered  to  be  the  original  pressure 


Fig.  140. 

of  tlie  st(*ani  wliicli  is  expanded  in  the  on  pi  no  after  cutting  oflf — 
assuming  that  we  are  considering  an  expansion  engine. 

Tliis  ])ressure  might  well  be  measured  at  the  point  where  cut-oflf 
appears  to  begin,  a  point  which  may  b(j  determined  with  reason- 
able accuracy.  But  the  buyer  of  the  engine,  who  agrees  to  deliver 
st(»am  to  the  engine  at  a  prearrantred  i)ressure,  migiit  object  that 
tiie  difference  between  throttle  card  pi-essmvand  cylinder  pressure 
at  the  i)oint  named  shows  faulty  design  of  the  engine,  which  point 
might  be  well  taken. 

It  therefore  appears,  after  considering  both  points  of  view,  that 
"  initial  pressure,"  or  throttle  pressure,"  or  whatever  term  may  be 
used  to  define  the  pressure  actually  delivered  to  the  engine,  may 
be  defined  to  be  the  pressure  measured  at  the  lowest  part  of  the 
throttle  card. 

Relative  to  the  back  pressure  acting  on  the  engine,  it  is  cus- 
tomary in  contracts  to  state  either  that  the  engine  is  to  be  run 
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an^cotiderising  or  that  a  certain  Tacuiini  (in  inches  of  mercury 
jmn)  will  be  provided  by  the  purchaser*  In  the  former  c«se 
the  builder  assumes  that  the  back  pressure  will  be  that  of  the 
Htniosphere,  but  soinctrtnes  owing  to  defective  installation  of  ex* 
haust  pii>e,  this  pr-essure  becomes  sevei-al  pounds  higher  than  the 
atmosphere. 

In  case  of  coEdensing  engines  defective  piping  between  con- 
denser and  engine  often  imposes  unnecessary  back  pressure  on 
the  engine. 

In  both  of  these  cases  exhaust- pipe  cards  taken  from  a  point 
close  to  the  engine  will  reveal  whatever  the  fault  is  in  the  engine 
passageSj  or  in  the  piping,  or  in  what  degree  it  is  chargeable  to  each. 

Pt'of,  U,  W,  Spangler. — This  report  is  such  an  admirable  one 
that  I  hesitate  to  comment  at  alt  on  some  of  the  minor  details. 
There  are  a  few  points,  however,  to  which  I  should  like  to  call 
your  attention. 

More  emphasis  should  be  piacetl  on  the  statement  made  at  the 
end  of  paragraph  1  that  "'  Tiie  heat  unit  expression  of  economy 
does  not  in  itself  show  whether  the  engine  is  working  to  its  best 
advantage  any  more  than  the  expression  of  the  steam  consump- 
tioUj"  and  the  report  calls  attention  to  the  influence  of  pressure, 
etc.  This  has  been  largely  overlooked  in  the  past,  and,  in  the 
steam  engine  particularly,  has  been  the  source  of  some  confusion. 
To  most  engineers  the  bald  statement  that  an  engine  using  12 
pounds  of  steam  is  more  efficient  than  one  using  14,  or  the  state- 
ment that  a  pumping  engine  developing  a  duty  of  125  million 
footpounds  is  more  efficient  than  one  developing  115  million  is 
simply  a  truism.  In  many  cases  the  relative  position  of  the  two 
engines  would  l>e  reversed  by  running  them  at  the  same  pressure. 
In  other  words,  the  temperature  at  which  the  heat  is  supplied  is  a 
large  factor  iu  determining  the  efficiency  of  an  engine,  and  it  is 
unfortunate  that  no  convenient  basis  for  the  exact  ijomparison  of 
engines  is  available. 

That  this  may  be  quite  an  important  factor  can  be  seen  when 
it  is  realized  that  beat  at  150  pounds  pressure  is  worth  about  7 
j>er  cent,  more  than  the  same  quantity  of  heat  at  140  pounds  if 
used  in  the  same  steam  engine. 

Referring  to  paragraph  2,  it  seems  to  me  that  the  proper  title 
of  the  process  therein  described  would  be  Standardizing  Tests  of 
Power  Plants.  A.%  for  instance^  a  pumping  station  hag  four 
engines  and  sixteen  boilers.    If  one  engine  is  tested  with  eighi 
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boilers,  the  general  efficiency  of  the  entire  plant  will  probably  be 
higher  than  if  one  is  teste<l  with  three  or  four  boilers,  because  of 
the  less  rate  at  which  the  boilers  are  worked.  If  the  regular 
station  feed  pump  is  used,  the  steam  used  by  a  pump  much  too 
large  for  the  engine  su])ply  is  charged  against  the  engine,  and 
part  of  tlie  exhaust  is  probably  wasted,  which  would  not  be  the 
case  in  usual  operations.  I  believe  that  a  distinct  separation 
should  always  be  made  between  the  machine  using  the  steam  and 
the  one  making  it,  and  between  the  machine  making  the  gas  and 
the  engine  using  it. 

I  want  to  protest  against  the  combination  of  cards  from  com- 
pound and  triple  expansion  engines  for  any  purpose  whatever.  It 
means  a  lot  of  work  without  any  return.  All  that  can  be  deter- 
mined from  such  a  combined  diagram  can  be  determined  in  half 
the  time  from  the  separate  cards — except  one  thing,  and  that  is, 
we  cannot  see  what  the  cards  look  like  when  put  together. 

In  section  xx.  (c)  the  statement  is  made  that  "  it  is  a  diagram 
from  which  the  pressure  of  the  steam  at  any  point  in  the  stroke  of 
either  cylinder,  and  the  volume  of  that  steam  can  be  measured 
from  one  diagram,  etc. 

Referring  to  figure  124, 1  would  like  to  know  what  is  the  volume 
of  the  steam  after  the  low-pressure  cylinder  has  moved  to  .15  its 
stroke  ?  If  the  report  means  the  volume  of  the  steam  in  that 
cylinder  at  that  time,  the  combined  card  is  no  better  than  the 
separate  ones,  if  it  means  the  volume  at  that  instant  of  the  steam 
which  originally  entered  the'  high-pressure  cylinder,  my  question 
cannot  be  answet'ed  from  the  combined  diagram. 

You  cannot  tell  by  looking  at  any  of  the  figures  what  the  ideal 
diagram  factor  might  be,  and  there  is  no  doubt  but  that  it  can 
best  be  determined  by  calculation,  as  shown  in  paragraph  xx.  (f). 
The  effect  of  such  a  diagram  is  to  extort  the  figure  so  much, 
especially  the  Jiigh-pressuro  card,  that  it  becomes  meaningless.  It 
is  quite  as  easy  to  draw  the  dotted  lines  on  the  original  card  and 
to  nieasui'o  the  area  there  by  a  plaiiiineteras  to  redraw  the  whole 
thing  and  then  measure  it.  If  the  purpose  of  drawing  the  com- 
bined diagram  is  to  determino  the  diagram  factor,  I  am  sure  that 
it  can  more  easily  be  done  from  the  original  cards.  If  it  is  to 
determine  how  near  the  expansion  curve  comes  to  a  rectangular 
hyperbola,  and  of  course  no  other  lines  on  the  coniVined  diagram 
mean  anything^  only  draw  the  parts  between  cut  off  and  release, 
or  draw  the  hyperbolas  on  the  original  cards. 
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Section  xx.  (g) — The  expression  "total  losses  of  steam  in  a 
cylinder"  seems  to  me  unfortunate.  It  was  brought  home  to  me 
by  a  statement  made  by  an  engineer  just  a  few  days  ago  that  a 
particular  set  of  tests  showed  that  "  for  each  pound  of  steam  used 
in  the  cylinder  an  additional  pound  disappeared — was  lost — he 
did  not  know  where  it  went,"  etc.,  and  the  report  means,  if  any- 
thing, the  "  increase  in  the  amount  of  steam  required"  as  com-  I 
pared  with  the  assumed  ideal  performance,  etc. 

Mr,  J,  B,  Stanwood. — The  Committee  appointed  to  codify  and 
standardize  the  methods  of  making  engine  tests  is  to  be  congratu- 
lated on  the  thorough  manner  in  which  it  has  done  its  work  ;  such 
an  elaborate  and  exhaustive  treatment  of  the  subject  is  bound  to 
contribute  to  the  scientific  development  of  engine  construction 
and  performance.  To  two  points  I  should  like  to  call  atten- 
tion, first :  to  what  seems  to  me  to  be  a  superfluous  special  con- 
struction of  combined  diagram  for  the  Woolf  Engines;  and, 
second :  to  a  lack  of  accuracy  in  connection  with  the  so-called 
Ideal  Diagram  Factor. 


The  Woolf  Comhhicd  Diagram. 
• 

In  the  construction  of  a  Combined  Diagram,  the  Committee 
states  that  it  is  a  hypothetical  figure  "  from  which  the  pressure  of 
steam  at  any  point  in  the  stroke  of  either  cylinder  and  the  volume 
of  that  steam  can  be  measured  .  .  .  in  the  same  manner  that 
it  can  be  measured  in  the  case  of  a  single  cylinder  engine  from 
the  actual  indicator  diagram." 

Now  on  a  single-cylinder  engine  diagram  it  is  impossible  to 
measure  the  volume  of  expanding  steam  bcjtwecm  admission  and 
cut-off.  The  same  statement  is  true  of  the  (\)Ui])in(.Hl  Diagram 
for  Receiver  Engines,  both  for  the  high  and  low-pressure  diagrams. 
It  is  also  true  that  diagrams  from  the  Woolf  engin(3  can  be 
thrown  into  tlie  same  general  form  of  Combined  Diagram  as  the 
diagrams  from  a  lioceiver  Engine;  such  a  diagi'am  will  also  yield 
information  on  all  points,  as  if  taken  from  a  sim[)le  indicator 
diagram. 

Why  then  com[)lic'ate  a  necossaiily  long  report  by  a  special 
construction  of  a  special  case  in  oi'der  to  secure  only  one  condi- 
tion not  considered  important  in  any  of  the  other  cjuses,  to  wit: 
the  determination  of  the  volume  of  expanding  steam  between 
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admission  and  cut-off  of  the  low-pressure  cylinder,  a  feature  which 
this  construction  affords?  Why  not  let  one  diagram  cover  all 
cases,  as  it  will  yield  similar  results  in  all  of  them  ? 


The  Ideal  Diagram  Factor. 

A  collection  of  different  diagram  factors,  which  are  the  expres- 
sions of  the  relation  of  an  obtainable  mean  effective  pressure  to  a 
theoretical  mean  effective  pressure,  the  assumed  expansion  line 
being  taken  with^v  =  constant^  and  the  limits  being  the  throttle 
pressure  and  certain  standard  back  pressures,  is  valuable  to  the 
engine  designer  as  affording  a  quick  and  easy  method  of  estimat- 
ing beforehand  probable  obtainable  mean  effective  pressures  for 
engines  of  different  types  under  different  conditions.  A  collec- 
tion of  such  data  by  means  of  standard  tests  will  contribute  to  this 
end,  and  is  to  be  commended. 

But  when  it  comes  to  employing  a  diagram  factor  of  this  char- 
acter in  order  to  point  out  the  value  of  different  losses,  or  in 
holding  up  a  theoretical  diagram  based  on  this^i;  =  constant  ex- 
pansion line  as  an  ''  Ideal  "  to  be  striven  for,  is  not  the  Committee 
making  a  statement  which  is  misleading  .and  inaccurate,  and 
which  will  tend  to  prevent  young  or  inexperienced  engineers  and 
designers  from  obtaining  correct  ideas  on  the  subject? 

Professor  Thurston,  in  his  remarks  at  Milwaukee  on  the  work 
of  the  Committee,  says  that  ho  thinks  ''  it  should  be  dutinctly 
underdood  that  while  in  a  single  cylinder  the  expansion  line  may 
be  assumed,  usually  without  serious  error,  to  be  the  equilateral 
hyperbola,  this  is  not  the  case  for  very  liigh  ratios  of  expansion,  or 
for  the  multiple-cylinder  engine  as  a  rule,  or  where  it  is  important 
to  obtain  exact  measures." 

The  Committee  has  taken  no  notice  of  this  valuable  suggestion 
as  far  as  I  can  see,  but  under  the  head  of  Total  Losses  gives  a 
formula  of  1-CF  as  the  total  consumption  of  steam  or  heat  lost  in 
an  engine,  where  F  is  the  Ideal  Diagram  Factor  determined  from 
a  diagram  drawn  with  a^/r  =  co^istiud  hyperbola.  They  call  this 
theoretical  diagram  an  assumed  ideal  i)erformance. 

They  might  as  well  take  the  relation  existing  between  the  area 
of  a  circle  and  its  radius  of  3.5  r  and  call  it  an  assumed  Ideal  re- 
latfo?iy  and  any  shortage  of  this  amount  in  a  calculation  they 
would  consider  a  loss,  while  in  reality  a  more  nearly  theoret- 
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ically  ideal  relation  would  be  3.14159  r^  and  the  losses  would  prove 
diflFerent. 

Perhaps  the  Committee  was  deterred  from  using  the  more  exact 
adiabatic  expansion  curve  by  the  difficulty  of  expressing  the  area 
of  an  Ideal  Diagram,  of  which  it  forms  a  part,  when  employing 
as  a  basis  for  the  diagram  the  steam  as  accounted  for  by  the  in- 
dicator at  high  pressure  cut-off.  I  should  like  to  point  out  how, 
by  following  with  slight  modification,  Mr.  Willan's  method  of 
analyzing  engine  performances,  a  simple  calculation  of  the  area  of 
such  an  Ideal  Diagram  can  be  secured  (which  at  the  same  time 
covers  such  an  extreme  case  as  that  presented  by  Mr.  Frank  Ball, 
and  also  satisfies  Mr.  Sederholm's  suggestion  in  regard  to  the  error 
of  straight  clearance  lines,  both  as  offered  at  the  Milwaukee 
Meeting). 

The  method  is  made  easy  by  employing  Entropy  Tables  such  as 
are  found  in  some  modern  treatises  on  the  Steam  Engine,  and  is 
as  follows: 

If  instead  of  using  as  the  basis  of  the  diagram,  the  steam  at 
cut-off  in  the  high-pressure  cylinder  as  accounted  for  by  the  indi- 
cator, we  take  the  steam  as  accounted  for  at  low  pressure  release, 
the  solution  is  simplified. 

The  following  data  are  necessary  : 
Absolute  throttle  pressure  =  P. 
Absolute  low-pressure  release  pressure  =  p. 

Per  cent,  low-pressure  piston  displacement  evacuated  by  steam  at 
p=  k  (equivalent  to  C-Il of  Committee's  report,  section  xx,  (a) ), 

see  figure. 
Obtained  mean  effective  pressure  referred  to  low-pressure  cylinder 

If  conde>nsing,  back  pressure  ^o  =  ^• 

If  non-condensing,  back  pressui'oy)^  =  14.7  lbs. 

From  this  data  can  be  derived  the  theoretical  British  thermal  units, 
which  can  be  secured  from  one  pound  of  watei*  expanding 
adiabatically  from  P  toj)  with  p„  hack  pressure^,  thus, 

B.  T.  U.  =  U=  I)(\  +S-A)-r,  {A- A)  4-  {-^^'  ...  (1) 

Where  T  =  absolute  temperature  of  P. 
D  =  T-T. 
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S  =  Entropy  of  steam  at  P. 
5i=        "        "      "      '' p, 
A=        "        "  water  "  P. 
Ai=        "        "      "      "p. 
w  =  wt.  cu.  ft.  of  steam  at  P. 
Wi  =  wt.  cu,  ft.  "       ''       "  p. 

2545 

The  theoretical  water  rate  for  such  a  diagram  is,   -j^  =  J?.  .(2) 

The  theoretical  mean  effective  pressure  for  such  a  diagram 

=  5Awi  U  {S) 

on  the  assumption  that  the  low-pressure  cylinder  is  full  of  steam^ 
at  p  pounds  pressure ;  but  as  onl}-  k  parts  are  full,  this  mean 
eflfective  pressure,  being  reduced  in  that  proportion,  becomes  5.4 
k  Wi  U;  equal  to  the  mean  eflfective  pressure  of  a  cylinder  with- 
out clearance  with  a  terminal  pressure  of  ^  pounds. 

The  actual  diasrram  factor  =  -— -^ y. 

The  total  factor  loss  =  CF  (of  Committee  Section  xx,  (j) )  = 
^  -andl-C7^=l  ^ 


actual  water  rate  actual  water  rate* 

If  the  actual  number  of  adiabatic  expansions  is  desired  it  is 
expressed  thus : 

j.^  w       S  —  Ai 

The  following  shows  the  derivation  of  the  formulae. 

Assume  a  Rankine  Cycle.  Then  the  theoretical  British  ther- 
mal units  derivable  from  1  [K)und  of  water,  between  limits  as  given 
is  (Z  being  Latent  Hciit  of  steam  at  P) 


z7=(r-7'.)(i4)-r.(hvp.iog^)+^ 

/  T 

-^=  S  —  A  and  hyp.  log  ^  =  A  —  A^  therefore 


now 


U=D{1  +  S-A)^  T(A-A,)  +  ^1^  as  i>er  (1), 

O.iWi 

J__U4 

5.4  ~  778' 
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Fig.  141.--^i?(7i)i;  =  Ideal  Diagkam. 
EF 


k  = 


OH' 


2545 
Also,  the  pounds  of  water  per  liorse-power  hour  =  R  =     ,^ 

where  778  =  Joule's  equivalent ;  and  also  7?  =  nff-p-jj-     Equat- 
ing these  two  values  of  R  and  we  have, 

2545        18750/^'i  ^.r   t:i    t^  -a         it  /ox 

— ^  =  -\M'j,^  p  or  M.  E.  P.  =  o4/^i  c/ as  per  (3). 

Mr.  Charles  A,  H(igue. — The  Committee  deserves  great  com- 
mendation and  credit  for  the  testimony  and  evidence  they  submit 
of  much  careful  painstaking  work ;  but,  I  have  an  honest  differ- 
ence with  them  on  a  point  or  two.  AVhatever  is  finally  adopted 
by  the  Committee  and  the  Society,  shall  have  my  fullest  support, 
and  I  will  do  what  I  can  to  give  the  results  of  their  labors  juris- 
diction and  force  before  the  engine  builders  and  buyers,  and  all 
others  interested  in  the  development  of  power  by  heat.  And  I 
know  that  the  complete  good  will  and  earnestness  in  what  I  may 
say  contrary  to  their  conclusions  will  be  understood. 

It  seems  to  me  that  the  report  lacks  the  best  form  of  articula- 
tion, and  in  places  is  toog<Mi<M'al  Un-  tln^  practical  work  of  meeting 
the  usual  demands  arising  in  cases  w1km"(3  engine  tests  are  actually 
wanted.  To  begin  with,  the  reripi-ocating-piston  steam  engine 
ought  to  be  classed  by  its('lt\  and  conitication  established  for  sep- 
arate other  forms  of  prime  movers  having  heat  for  a  source  of 
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energy,  and  for  the  reason  that  where  heat  is  produced  in  the 
furnace  of  a  boiler,  and  water  is  employed  as  a  vehicle  for  the 
transportation  of  this  heat  to  the  place  of  work,  the  conditions  of 
production  and  operation  are  too  dissimilar  to  admit  of  the  satis- 
factory grouping  of  all  classes  of  heat  engines.  Further:  the 
reci pro-rotative  steam  engine  occupies  such  an  enormous  percent- 
age of  the  heat  power  field  that  it  seems  a  little  irregular  to 
attempt  to  make  a  standard  set  of  test  details  sufficiently  elastic 
to  cover  as  well,  motors  depending  upon  combustion  within  the 
cylinders  of  the  machines  themselves  for  the  development  of  the 
working  heat.  Further  still,  the  steam  turbine  is  as  yet  somewhat 
too  insignificant  as  a  heat  prime  mover  to  justify  its  classification 
just  at  present  with  the  usual  type  of  piston  and  crank  engine  in 
setting  up  a  standard  of  test,  and  partly  for  the  reason  that  the 
easiest  and  most  convenient  means  of  exhibiting  the  energy  devel- 
oped, by  the  indicator-diagram,  is  not  available  in  the  turbine. 
To  be  sure  brake  resistance  may  be  employed  for  both  the  usual 
and  the  turbine  form  of  motor,  and  so  a  common  ground  afforded ; 
but  practically  this  is  impossible,  especially  for  many  of  the  greater 
powers  used  at  the  present  day.  The  turbine  is  too  unusual,  and 
is  too  often  situated  in  a  narrow  field  of  usefulness,  where  its  per- 
formances may  be  gauged  by  other  means  than  foot  pounds  of 
work,  to  permit  it  to  distort  what  should  be  otherwise  a  special, 
a  scientific,  and  a  practical  raetliod  of  determination  of  results. 

A  very  practical  consideration  is  the  fact  that  the  most  impor- 
tant tests  have  been  and  will  no  doubt  continue  to  be,  principally 
resorted  to  in  powers  of  a  magnitude  which  excludes  the  types  of 
motors  depending  upon  combustion  within  the  cylinders  for  their 
initial  pressure.  Even  in  considering  gas  engines  of  as  high  as 
500  horse-power,  the  frequency  of  installation  has  not  become  of 
sufficient  importance  to  justify  their  grouping  with  the  usual  steam 
engine,  especially  as  large  gas  engines  are  mostly  employed  in  local- 
ities where  natural  gas  is  available,  although  their  use  in  moder- 
ate powers  is  gradually  spreading;  I  say  this  as  much  m  jqstice  to 
the  gas  engine  as  for  any  other  reason.  In  powers  of  100  horse- 
power or  less,  aside  from  ascertaining  desirable  facts,  the  entire 
amount  of  fuel  and  steam  consumed  is  not  sufficiently  important 
to  justify  an  elaborate  systom  of  investigation;  with  good  work, 
carried  out  on  lines  of  good  design,  it  is  pretty  clearly  known  what 
the  results  will  be. 

Therefore,  as  to  this  part  of  the  report,  I  think  it  should  be 
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divided  into  classes,  and  if  there  is  neither  time  nor  opportunity 
for  doing  justice  to  all  branches  and  classes  of  motors  at  the  present 
time^  then  begin  with  the  most  valuable,  the  most  important,  and 
the  most  frequently  questioned  line  of  work  in  the  testing  field. 
Do  that  portion  well  and  concisely;  and  take  up  as  opportunity 
offers,  other  lines  and  classes  of  heat  motors  early  in  the  future. 
The  reciprocating-piston-rotative  steam  engine  is  several  hundred 
years  old,  and  if  a  codified  standard  is  only  just  now  being  reached, 
surely  the  gas  engine,  the  steam  turbine,  and  other  comparative 
novelties  in  the  therm o-dynamic  field  can  comfortably  wait  a  short 
time,  if  necessary.  To  make  this  idea  plainer  how  would  it  be  to 
form  classes  about  as  follows : 

1st.  Reciprocating-piston-rotative  steam  engines. 

2d.  Reciprocating-piston-rotative  gas  engines. 

3d.  Reciprocating-piston-rotative  engines  consuming  combust- 
ible fluids. 

4th.  Turbines,  and  other  forms  of  rotary  engines. 

Take  the  classes  of  work  up  in  the  above  stated  order,  and 
keep  them  entirely  separate,  so  that  each  class  of  heat  motor 
may  be  considered  at  its  best,  and  its  questionable  points  without 
interruption  or  interference  by  any  other. 

Proceeding  then  along  the  line  of  classes  abov(i  mentioned,  and 
taking  at  present  the  r('cij)roc'a ting-rotative  steam  engine  as  a 
rather  complete  line  of  itself  requiring  a  grc^at  share  of  attention, 
I  note  an  incipient  confusion  in  the  use  of  the  term  "  object  of 
the  test."  That  is  to  say ;  the  term  "  object  "  seems  to  be  used  as 
representing  the  determination  of  economy;  and  also  used  as  rep- 
resenting something  to  1)0  ascertained  with  rc^gard  to  a  con- 
tract. The  word  is  qnaliiied  in  its  meaning  it  is  true ;  in  one  place 
being  used  in  a  broad  sense,  and  in  tlie  other  speeiiically. 

Now,  it  seems  to  me  that  the  '^  object ''  of  an  engine  test  is 
the  all  important  element  in  the  ease,  dominating  and  influencing 
all  matters  and  details  of  procedure  throughout;  and,  therefore, 
to  ray  view  there  should  l)e  one  object  and  one  only;  all  else  tak- 
ing secondary  relations  thereto.  And,  as  engines  are  made  to  sell 
to  some  one,  and  to  do  work  for  some  one,  it  strikes  me  that  the 
most  important  object  in  f(>rniinir  rules  for  testing  a  steam  engine, 
is  to  ascertain  whether  or  nol  it  uw(^t<  the  nsjuirenients  of  the 
contract  under  which  it  is  built  an<l  erected:  and  so  the  codified 
and  standardized  method^  of  niakiuir  enaine  tests  should  be  largely 
based  upon  the  matter  of  how  near  together  the  requirements  of 
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the  contract  and  the  performance  of  the  engine  are  actually 
brought  by  the  efforts  of  the  engine  builder.  If  this  is  taken  as 
the  standard  and  fully  covered,  it  will  likely  be  found  that  nearly, 
if  not  quite  all  other  considerations  may  be  met  under  a  system  of 
procedure  based  as  clearly  and  as  exclusively  as  possible  upon  the 
contract  idea.  Of  course  the  contract  idea  is  considered  as  is 
plainly  shown,  but  I  think  that  much  more  dominant  conception 
in  that  line  would  improve  the  matter. 

The  science  and  art  of  mechanical  engineering  is  largely  made 
up  of  producing  and  selling  machinery  for  useful  purposes,  and 
if  it  were  not  for  the  sale  and  use  of  the  machinery,  the  mechanical 
engineer  would  have  very  little  to  do.  This  being  considered  as  so, 
the  importance  of  catering  somewhat  strongly  to  the  satisfaction  of 
the  contract,  and  ascertaining  how  fully  it  may  be  met  by  the 
machinery  produced  for  the  purpose,  will  appear.  It  must  be  ad- 
mitted, of  course,  that  engines  are  tested  for  other  reasons,  but 
the  point  I  endeavor  to  make  is,  that  in  establishing  a  method, 
nearly  all  points  will  be  covered  by  making  contract  requirements 
the  all  important  and  controlling  idea,  and  most  other  details  and 
questions  secondary  at  best.  The  economy  of  steam,  although  of 
very  great  and  almost  paramount  importance,  is  only  one  after  all 
of  several  important  items;  there  are  as  well,  ecpnomy,  reliability 
in  the  matter  of  required  power,  prompt  adjustibility  in  the  line 
of  variable  demands  for  power,  weight,  strength,  durability,  and 
mechanical  arrangement  and  design.  Under  some  circumstances, 
10  per  cent,  less  repairs  might  represent  a  greater  desideratum 
than  15  per  cent,  steam  economy.  In  the  case  of  the  electric  rail- 
road prime  mover,  some  other  things  than  steam  economy  hold  the 
practice  away  from  triple  and  higher  expansions  and  keep  pretty 
(»lose,  so  far  at  least,  to  double  expansion.  By  the  way,  why  do  we 
give  the  proper  term  to  other  expansions,  and  call  one  of  them 
"  compound.^' 

T  am  not  particularly  hide-bound  in  the  matter  of  the  unit  for 
expressions  of  steam  economy  or  consumption  for  steam  engines, 
but  reasons  of  coneisenoss  cause  me  to  loan  very  strongly 
towards  the  making  of  sucli  expressions  in  pounds  of  dry  saturated 
steam;  and  I  never  have  believed  suffiei(*ntly  in  the  heat  unit  basis 
to  make  a  standard  of  it.  T  bow  to  the  powers  that  be,  or  may  be, 
but  personally  I  do  not  a^ree  with  them.  Of  course,  the  engine 
builder  is  very  intensely  interested  in  the  various  details  which  go 
for  the  production  of  a  machine  which  will  develop  the  greatest 
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number  of  foot  i)ounds  of  work  per  stated  weight  of  proper  steam; 
but  after  all  that  is  his  affair,  and  if  he  fails  to  pay  sufficient  atten- 
tion to  its  importance  he  will  lose  his  customers.  For  years  I 
have  advocated  the  separation  of  the  production  of  the  steam  from 
its  use  in  an  engine,  and  with  modern  appliances  the  engine  need 
not  be  charged  with  other  than  dry  saturated  steam,  or  at  least 
its  credits  can  be  arranged  so  as  to  enable  the  correct  expression 
being  made  which  will  exhibit  the  facts.  A  steam  engine  is  built  to 
use  steam  and  produce  power;  and  whatever  may  be  its  internal 
arrangements  affecting  the  damaging,  wtjstage  or  loss  of  steam  un- 
necessarily, such  signs  of  incompetency  as  may  be  shown  to  exist 
proclaim,  by  the  excessive  consumption  of  steam,  that  the  best 
lines  of  thought  upon  the  subject  are  not  being  followed  by  the 
builder. 

Therefore,  I  am  inclined  to  take  issue  with  the  Committee  under 
paragraph  1,  iipon  the  selection  of  the  unit  of  determination  in 
expressing  the  results  of  tests  of  steam  engines,  and  in  doing  so, 
I  take  my  argument  from  the  statement  of  the  Committee  itself. 
They  take  the  position  that  heat  })roduced  in  the  furnace  of  a 
boiler  is  to  be  viewed  in  the  same  light  as  heat  produced  by  com- 
bustion directly  witliin  an  engine  itself,  specifically  designed  and 
arranged  for  combustion.  This  idea  ignores  several  facts  with 
which  the  Committee  is  perfectly  familiar,  viz. :  That  combustion 
in  a  boiler  furnace  involves :  (a)  the  cliemical  operation  called  com- 
bustion, which  of  itself  is  too  far  remove<l  from  the  operation  of 
the  steam  engine  scientifically,  and  (»alls  for  the  consideration  of 
too  many  things  entirely  foreign  to  the  eniriue  and  its  work. 
Further  than  this :  (b)  after  we  have  passed  by  tlu?  ?])ecial  and  ex- 
clusive considerations  pertaining  to  coniluistion,  which  might  apply 
with  equal  force  to  a  pottery  kiln  or  any  other  form  of  economical 
furnace  for  any  purj)ose  whatever;  we  are  met  by  another  inter- 
vening operation  before  the  heat  becomes  avtulabh^  by  use  in  the 
*'  heat  engine,"  whicli,  perhaps,  might  properly  be  called  strictly 
a  "vapor  engine.'^  This  second  item,  is  thr^  actual  fluid  composed 
of  a  mechanical  mixture  of  heat  and  wat(»r  which  makes  the 
engine  available  for  useful  work,  and  the  (lesi<rn  and  arrangement 
of  the  steam  generator  bear^  to  a  very  important  extent  upon  the 
quality  and  quantity  of  the  mixture  ol>tained;  so  by  the  time  we 
have  reached  tlu^  thn»ttle  valve,  where  the  enirinc  really  begins, 
we  have  run  the  gauntlet  of  -everal  sets  ()f  conditions  over  whicli 
the  engine  exercises  no  control,  an<l  some  of  the  losses  involving 
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the  expenditure  of  heat  have  already  been  active  to  a  very  con- 
siderable extent. 

The  Committee  states  that,  "Fuels  are  proverbially  of  uncertain 
quality,  whatever  their  class.''  Well,  so  they  are,  and  I  will  adopt 
that  expression  for  my  side  of  the  case,  and  not  charge  the  engine 
with  such  foreign  items.  It  is  also  stated  that,  "  Steam  boilers  are 
of  variable  efficiency,  even  with  fuel  of  identical  quality.''  Well, 
so  they  are,  and  I  also  adopt  that  statement  for  my  argument,  and 
ask,  why  on  earth  should  a  steam  engine  be  held  responsible  ?  Of 
course,  it  is  not  intended  to  hold  the  engine  responsible;  but,  then 
why  drag  in  extraneous  considerations;  and  why  not  take  the 
steam  offered  from  whatever  source,  strike  a  balance  on  quality, 
charging  and  crediting  the  engine  to  correspond,  and  balance  up 
the  work  done  by  the  machine. 

The  Committee  also  state  that,  "  In  a  steam  engine,  the  weight 
of  steam  consumed  rejJresents  no  exsrct  measurement  of  efficiency, 
for  the  reason  that  the  true  thermal  economy  is  somewhat  affected 
among  other  things  by  the  disposition  of  the  rejected  heat  of  the 
engine."  Now,  what  is  meant  by  the  "  true  thermal  economy  ?  " 
The  expression  certainly  will  have  to  be  strictly  and  closely  defined 
before  expressions  of  results  can  be  made  intelligible.  I  believe, 
when  we  want  to  be  exact,  that  a  steam  engine  ought  not  to  re- 
ceive credit  from  the  operation  of  all  sorts  of  extraneous  fixtures. 
Any  preheating,  reheating,  feed  water  heating,  or  superheating, 
by  means  of  boiler  uptakes,  etc.,  should  be  eliminated  from  the 
calculations  concerning  the  engine  itself  for  the  simple  reason, 
that  outside  influences  do  not  belong  to  the  prime-mover.  The 
consideration  of  the  above  mentioned  "  extras  "  belong  to  "  plant 
testing,"  and  not  to  engine  testing  per  se. 

A  code  of  standard  method  should  be  arranged  to  take  in  all 
kinds  of  steam  engines  not  differing  unreasonably  from  well  rec- 
ognized practice,  and  arranged  so  tliat  any  statement  of  extra- 
ordinary details  or  conditions  can  be  included  in  the  expression  of 
results.  After  the  steam  has  worked  in  the  jackets,  cylinders,  and 
heaters  or  relieaters  within  tlie  engine  itself  up  to  the  point  affect- 
ing the  energy  produced,  and  transformed  into  mechanical  energy 
against  the  crank  pin,  all  elements  affecting  the  economical  return 
of  heat  to  the  boiler^  by  utilizing  even  normal  and  natural  wastes, 
should,  T  think,  be  eliminated  from  the  credit  side  of  the  engine 
account.  Of  course,  scientific  and  clever  designing  and  manu- 
facturing engineers,  will  and  can  and  do  produce  a  combination  of 
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plan  details  and  economies  which  will  bring  them  their  share  of 
business  when  their  talents  become  known  to  power  users;  but 
when  a  body  which  really  api)ears  as  one  of  professional  men,  pro- 
poses to  set  up  a  code  of  standards,  such  a  code  should  be  fairly 
applicable  and  to  a  discriminating  extent,  so  that  the  "  true 
thermal  economy,''  and  also  the  true  results  properly  stated,  will 
be  easily  grasped. 

In  paragraph  2  the  real  point  is  stated :  "  The  heat  consump- 
tion of  a  steam  engine  required  for  the  standard  test  is  ascertained 
by  measuring  the  quantity  of  steam  consumed  by  the  plant,  calcu- 
lating the  total  heat  of  evaporation  of  the  entire  quantity,  and 
credit  this  total  with  that  portion  of  the  heat  rejected  by  the  engine, 
which  is  utilized  and  returned  to  the  boiler."  And  this  is  right 
where  I  take  issue  with  the  Committee,  inasmuch  as  I  believe  that 
they  are  trespassing  upon  unscit^ntific  grounds  in  taking  such  a 
position.  The  engine  of  itself  and  as  produced  by  the  engine 
builder  has  nothing  whatever  to  do  with  what  becomes  of  the 
rejected  heat.  As  to  auxiliaries,  the  engine  should  only  be  respon- 
sible for  the  air  and  jacket  pumps,  as  those  pumps  are  the  only 
ones  absolutely  necessary  for  its  pr(>]>er  operation.  As  to  circulat- 
ing pumps,  w^herever  the  situation  dictates  the  use  of  circulating 
pumps,  there  are  advantag(*3  which  enable  a  surface  condensing 
apparatus  to  pay  its  own  way;  and  the  cnnlit  for  which  the  engine 
should  not  have,  and  witli  tlie  ()])(^ration  of  which  the  engine 
should  not  be  charged;  th(^  (Migine  itself  must  in  some  manner 
remove  the  vapor  and  air  from  the  condenser  proper,  and  as  it 
receives  a  benefit  in  the  removal  of  th(»  initial  atmosphere,  it  must 
be  charged  with  the  work  of  such  rc^iiioval,  but  the  horse-power 
represented  by  the  air-puni}),  whether  m<*rg(Hl  in  tliat  of  the  (Migine 
directly,  or  produced  in(le])end('ntly,  should  be  creditcMl  to  tlio  main 
engine  as  it  is  a  part,  altliough  not  a  useful  part,  of  the  work  done. 
For  the  jacket  pumps  of  course  tlic  main  engine  must  be  held  re- 
sponsible, as  the  (H'onoiiiy  of  tlie  steam  consumption  within  the 
cylinders  is  directly  alfeeted  by  tlie  use  of  the  jaek(^ts,  and  their 
lK)wer  consumed  should  be  a  erech't.  As  to  feed  j)unips,  T  do  not 
consider  it  fair  at  all  to  cliarge  tlie  maiti  etiaiiie  with  the  steam 
used  by  independent  feed  ]»uni]>s.  If  you  hold  the  engine  re- 
sponsible at  all  for  feed  ])uiii|)  \v(»rk,  it  seems  io  mc  that  the  limit  is 
reached  when  you  charge  agMinst  the  engine  the  ])ower  represented 
by  the  pumping  <^f  the  feed  v-iter  into  th<'  boiler^,  just  as  though 
the  feed  pump  were  attaeh<Ml  to  the  main  engine.     That  is  to  say, 
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before  the  comparison  is  made  between  the  powei  given  out  by  the 
engine  and  the  unit  of  consumption  deduct  from  the  indicated 
power  of  the  main  engine  the  power  represented  by  the  poimds  of 
feed  water  multiplied  by  the  feet  head  represented  by  the  boiler 
pressure.  In  case  of  an  attached  feed  pump  or  pumps,  this  would, 
of  course,  be  unnecessary. 

The  statement  in  this  paragraph,  that  the  engine  is  finally  bene- 
fited by  the  heat  which  auxiliaries  return  to  the  boilers,  is  not 
correct,  for  the  simple  reason  that  the  benefit  accrues  to  the 
boilers,  and  although  it  saves  fuel  used  in  the  operation  of  com- 
bustion and  saves  heat  during  the  operation  of  absorption  through 
the  heating  surfaces,  the  amount  of  steam  consumed  by  the  engine 
is  not  necessarily  affected  whether  the  water  goes  into  the  boilers 
at  the  temperature  of  melting  ice,  or  at  the  temperature  due  to  the 
working  pressure.  The  steam  passing  through  the  main  steam 
pipe,  supplying  the  jackets,  the  steam  cylinders,  and  if  necessary 
the  air  and  jacket  pumps,  is  the  steam  consumed  by  the  engine 
proper;  and  although  the  boilers  are  welcome  to  any  rejected  heat 
resulting  from  the  operation,  the  steam  consumed  by  the  engine 
is  the  steam  passing  into  it  while  it  is  doing  work,  and  the  economy 
of  the  engine  depends  upon  the  relations  between  the  steam  ex- 
pansion, the  jacket  heat,  the  temperature  and  condition  of  the 
final  exhaust,  the  clearances,  and  other  details.  Therefore,  it 
seems  to  me  that  your  Committee  is  really  dealing  with  "  plant 
testing  "  and  not  "  engine  testing." 

Of  course,  it  is  possible  enough  to  consider  the  steam  engine 
as  a  heat  engine  in  the  strict  sense,  but  it  seems  to  me  thav*  such 
a  course  is  not  parallel  with  the  present  report,  and  not  consistent 
with  the  use  of  the  same  term  applied  to  what  would  appear  as 
"  combustion  "  engines.  To  be  strictly  scientific,  when  using  the 
term  "  heat  engines  "  all  of  tlie  lieat  rejected  by  the  steam  engine, 
whether  returned  to  the  boilers  or  not,  should  be  deducted  from 
the  amount  of  heat  received  in  the  steam.  This  brings  us  back  to 
the  expression  of  a  heat  unit  test  of  a  plant,  instead  of  a  heat  unit 
test  of  an  engine;  and  would  give  a  steam  unit  test  of  the  engine, 
and  a  heat  unit  test  of  the  plant. 

The  last  portion  of  paragraph  2  shows  the  vddc  difference 
between  a  steam  engine  and  a  combustion  engine;  and  the  only 
way  to  really  bring  all  engines  into  the  same  fold  upon  the  heat 
unit  basis  is  to  ascertain  the  heat  units  of  the  coal  burned  under  the 
boilers,  exactly  as  you  ascertain  the  heat  units  of  the  oil  or  gas 
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fuc4  for  the  comlniation  engine;  and  then  compare  the  heat 
units  possible  to  develop  bj  the  combustion  of  the  selected  fuel, 
with  the  indicate  J  power  of  the  engine.  The  mere  fact  of  burning 
the  fuel  under  or  in  a  boiler  instead  of  in  a  cylinder^  is  only  a 
matter  of  detail  after  all,  if  you  are  going  to  charge  up  the  heat 
units  produced,  and  credit  the  power  developed. 

In  paragraph  3  the  confinement  of  the  indicated  power  to 
the  net  power  of  the  main  working  cylinders  I  have  already 
touched  upon^  and  can  not  but  consider  such  a  procedure  as 
incoiiaifitont  with  what  we  arc  searching  for. 

Paragraph  4  opens  up  the  entire  question  as  to  whether  a 
eoneise  and  strictly  steam  test  should  be  made  of  a  steam  engine, 
or  whether  the  element  largely  embodying  plant  testing  should 
be  adopted.  I  have  always  been  in  favor  of  a  strictly  steam  test  as 
being  tlie  more  scientific  of  the  two  methods,  and  as  being  the 
more  useful  to  the  steam  engine  builder,  the  heat  imit  test  offering 
temptations,  or  at  least  opportunities j  for  builders  in  competition 
to  throw  some  of  the  burden  of  the  ultimate  economy  to  which 
a  power  user  is  entitled^  regardless  of  the  engine^  upon  something 
besides  the  engine  power,  .Engine  builders,  of  courscj  have  plenty 
uf  pride  and  ambition  according  to  their  lights^  but  some  of  them 
do  not  seem  to  have  so  many  or  so  bright  lighta  as  others. 

Paragraph  5  it  seems  to  me  15  better  applicable  where  esti- 
mates for  requirements  are  wanted  than  for  engine  test^^  or  for 
a  standard  of  efficiency  where  comparisons  are  desirable  in  adjust- 
ing  damages  or  shortages  under  contracts. 

Paragraph  6  suggests  the  same  remarks  concerning  which 
method  should  be  primary  and  which  one  should  be  secondary.  I 
think,  that  the  dry  saturated  steam  is  the  proper  one  for  steam 
engines^  w^ith  air  pumps  and  jacket  pumps  reckoned  in  the  gross 
power^  and  with  the  friction  of  the  main  engine,  and  the  jjower  of 
the  prime  aimliaries,  considered  as  the  tare  or  the  difference 
between  the  useful  efficiency  and  100  per  cent  Then  cmmt  as 
subsidiary  all  heat  unit  tests,  which  depend  for  their  expressions 
upon  the  efficiencies  of  other  elements  of  the  plant  than  the  engme 
proper;  that  is  to  say,  I  consider  the  heating  of  feed  water  by 
rejected  heat,  the  quality  and  manipulation  of  coal,  and  other 
details  of  general  operation  of  a  plant  as  certainly  embodying 
stibsidiary  efficiency. 

In  the  second  portion  of  paragraph  6  which  I  heartily  en- 
dorse, occurs  a  statement  which  encourages  me  in  the  idea  that  the 
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contract  requirements  furnish  the  principal  object  for  the  test, 
and  whenever  and  wherever  such  an  object  is  completely  met,  all 
desired  scientific,  practical  and  constructive  knowledge  will  be 
easily  found  at  hand,  for  the  reason  that  the  use  of  the  engine  is 
its  cause  for  existence,  and  its  use  consistent  with  its  purposes  and 
surroundings  can  not  be  well  overtopped  by  other  considerations ; 
but  it  will  be  unwise  to  endeavor  to  give  a  method  of  such  breadth 
that  it  will  be  too  thin  in  spots,  or  else  we  may  not  secure  a  good  fit 
at  some  particular  points  desirable. 

Paragraph  7  mentions  an  important  item  to  steam  engine 
owners,  and  that  is  the  commercial  test  which  smacks  a  little  of  the 
proposed  standard  method;  but  combination  testing  needs  articu- 
lation so  that  the  actual  bearings  may  be  perceived  and  set  forth. 
Of  course,  when  a  plant  is  in  place  and  owned  by.  somebdy,  there 
is  generally  a  strong  feeling  that  it  must  be  gotten  along  with 
somehow,  but  the  mere  statement  of  pounds  of  coal  per  horse- 
power and  per  hour,  cannot  reveal  the  \'irtues  and  failings  of  the 
plant  as  a  whole ;  a  good  engine  and  a  bad  boiler  show  the  same 
results  as  a  good  boiler  and  a  bad  engine  in  a  combination  test. 

The  recommendation  in  paragraph  8  is  a  proper  one  in  my 
opinion,  and  will  be  found  in  the  long  run  to  be  on  the  side  of  the 
most  constant  economy. 

I  will  briefly  go  over  the  "  Kules  for  Conducting  Steam  Engine 
Tests.    Code  of  1902." 

I.  I  follow  the  text  of  this  rule  very  closely  in  practice,  and  it 
will  be  found  advantageous  to  be  extremely  specific,  even  going  so 
far  as  to  carefully  digest  the  reasons  and  conditions  which  bring 
about  a  test,  and  commit  to  paper  a  consistent  line  of  action  which 
shall  guide  throughout  the  test.  Especially  in  connection  with  the 
satisfaction  of  a  contract,  it  is  particularly  necessary  to  have  the 
line  of  action  and  determinations  fully  understood  and  agreed 
upon  beforehand. 

II.  This  rule  is  plain  enough  as  far  as  it  goes,  but  sometimes, 
in  case  of  a  disagreement  between  a  seller  and  a  buyer  of  a  steam 
engine  newly  put  in,  an  expert  is  enllod  in  to  determine  merits  of 
the  ease  just  as  it  exists  and  the  test  lias  to  be  made  "  red-handed," 
so  to  speak.  Of  course,  there  are  ways  to  meet  such  conditions 
which  must  be  loft  mostly  to  the  judgment  and  good  sense  of  the 
referee. 

The  detailing  of  methods  of  ascertaining  if  the  pistons  and 
valves  leak;  are  probably  as  explicit  as  can  and  need  be;  but  much^ 
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especially  as  to  the  determination  of  the  quantity  of  leakage,  must 
be  left  to  the  person  conducting  the  test. 

III.  A  part  of  this  rule  deals  .with  the  measurement  of  clear- 
ances or  waste  room,  and  this  item  is  probably  as  troublesome  as 
any  to  be  met  "vvith  in  any  of  the  operations.  The  pouring  of 
water  into  waste  spaces  is  a  rather  doubtful  experiment,  and 
oftener  unsatisfactory  than  otherwise  in  determining  the  cubical 
contents.  I  would  much  prefer  the  calculation  of  the  drawings,' 
and  believe  the  latter  course  to  be  the  most  trustworthy,  in  fact 
far  more  accurate  than  depending  upon  valves  and  pistons  which 
are  operated  in  hot  steam,  as  to  their  possibilities  for  holding  prac- 
tically cold  water,  sufficiently  safe  to  keep  the  determinations 
within  reasonable  accuracy.  In  any  engine  sufficiently  important 
to  demand  a  close  decision,  there  will  no  doubt  be  blueprints  or 
drawings  to  figure  from,  which,  with  the  facilities  for  checking 
by  some  measurements  which  may  be  taken  from  the  engine  itself, 
will  afford  the  information  desired. 

IV.  With  reference  to  coal,  the  remarks  are  well  made,  and 
should  be  followed  consistently  where  possible.  I  have  known  of 
disputes  over  that  very  item  of  coal  where  contractors,  in  claiming 
the  "  best  coal  to  be  obtained  in  the  market,"  demanded  the  use  of 
coal  which  would  have  to  be  brought  from  afar,  and  not  usually 
found  in  the  "  local  "  market.  The  standards  of  the  A.  S.  M.  E. 
Transactions  should  be  mentioned  in  contracts  wherever  possible, 
and  it  would  be  well  for  members  of  the  Society  to  make  a  practice 
of  rendering  decisions  upon  this  basis,  especially  with  reference 
to  locality,  whenever  a  doubt  in  a  contract  gives  them  an  oppor- 
tunity to  do  so. 

V.  The  importance  of  calibration  of  instruments  goes  without 
saying  as  to  guages,  therniom(*tors,  indicator  sj^rings,  and  the  like. 
I  do  not  rely  very  mucfh  on  wat(^r  ni(*t(^rs  for  determining  cpiantity 
of  water  fed  to  boilers;  there  are  too  nuiny  variations  with 
temperature,  etc.  I  know  that  tliere  are  many  well-meaning  advo- 
cates of  meters,  interested,  disinterested  and  otherwise;  some  not 
wanting  to  take  the  tronl>le  of  tank  wciglnng  or  measuring;  but, 
when  I  want  to  know  the  fn<*ts,  T  do  not  want  to  be  exposc^d  to  the 
percentage  of  errors  j)os^ibl('  in  iru^tcrs. 

VI.  Concernini^  Icakiiir^'s  tlio  remarks  are  appropriate  and  to 
the  point,  but  I  fancy  that  there  aro  as  many  anxieties  about  a  sur- 
face condenser,  its  connection^  and  possibilities,  as  concerning 
steam  pipes  and  other  initial  chances  for  untallied  losses.     Of 
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course  absolute  assurance  must  be  had  as  to  tightness  or  absence 
of  leakiness  of  all  pipes  and  connections  which  would  vitiate  the 
conclusions.  Blanking  off  pipes  is  sometimes  necessary,  although 
open  outlet  valves  on  a  pipe'  supposed  to  be  shut  off  will  often 
either  give  the  desired  assurance  or  dictate  blanking.  The  Com- 
mittee certainly  gives  evidence  of  fully  appreciating  the  value  and 
necessity  of  certainty  that  no  unknown  items  of  this  kind  exist; 
all  precautions  in  every  other  function  of  a  test  would  come  to 
naught  in  the  presence  of  in  or  out  leakage. 

VII.  Regarding  time  of  duration  of  tests,  I  follow  the  rule 
wherever  possible  of  twelve  hours  for  a  steam  test  and  eighteen 
hours  for  a  coal  test;  and  unless  conditions  exist  which  cannot  by  any 
means  be  modified — ^which  is  really  seldom — the  above  mentioned 
times  will  be  found  to  be  quite  satisfactory.  In  a  factory  or  shop 
where  the  regualr  units  of  time  are  ten  hours  for  a  day's  work, 
a  steam  test  and  even  a  coal  test  may  be  made  to  do.  I  note  that 
the  committee  admits  five  hours,  which  although  rather  short  even 
for  a  feed  water  test  can  be  made  to  do  in  appropriate  hands  and 
under  favorable  conditions;  for  any  kind  of  a  fire  test  I  should 
not  be  satisfied  with  five  hours,  as  the  manipulation  of  a  "  fat  fire  " 
at  commencement  and  a  "  lean  fire  "  at  the  finish  would  alter  the 
facts  by  considerable  percentages. 

VIII.  The  starting  and  stopping  of  a  test  is  strictly  orthodox  as 
far  as  I  can  perceive,  at  least  I  fully  agree  with  the  plan,  and 
generally  follow  pretty  closely  the  lines  laid  down  in  the  report. 
The  novice  who  is  a  stickler  for  the  exact  scratch  on  even  hours 
for  start  and  finish,  will  soon  be  taught  by  experience  that  it  does 
not  matter  how  many  odd  minUtes  there  may  be  in  the  run,  as  the 
beautiful  laws  of  averages  and  decimals  will  bring  a  perfect 
balance;  the  main  thing  is  to  know  when  the  test  really  com- 
mences, and  when  the  conditions  necessary  to  be  identical  at  start 
and  finish  are  really  so.  The  scrutinizing  of  fires  for  condition 
at  start  and  finish,  and  the  cleaning  and  putting  into  condition 
of  the  fires,  requires  mature  judgment  and  should  be  conducted  by 
more  than  one  person  where  possible.  The  conditions  are  well 
laid  down  in  the  rules  and  need  little  comment. 

IX.  The  measurement  of  the  results  by  heat  units,  I  never  did 
take  to  kindly  and  I  have  already  commented  sufficiently,  or  too 
much,  upon  this  point.  In  the  first  and  second  paragraphs  the 
uncertainties  to  be  met  with  are  outlined,  and  to  my  mind  offer 
arguments  against  the  system.    I  hold  that  feed  pumps  and  pipes, 
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heaters,  separators,  and  all  otlier  extraneous  elements  are  not  part 
of  a  steam  engine  or  its  work,  and  that  the  weight  of  steam-  de- 
livered at  the  throttle  and  brought  to  a  basis  of  "  dry  saturation  " 
is  all  that  is  necessary,  and  all  tliat  the  engine  is  responsible  for  or 
chargeable  with.  Tlie  engine  takes  the  steam  and  turns. out  what 
dynamic  energy  it  can  with  the  weight  supplied;  using  power  to 
overcome  its  own  friction  and'  the  resistance  of  the  appliances  for 
maintaining  the  vacuum  which  gives  tlie  help  of  the  "  bottom 
atmosphere;"  also  whatever  work  is  iiececsary  for  keeping  the 
steam  jackets  and  the  like,  in  proper  condition.  Beyond  this  a 
steam  engine  cannot  reach,  and  as  the  weight  and  quality  of  the 
steam  must  be  ascertained  even  for  the  heat  unit  basis,  I  see  no 
reason  why  the  steam  test  should  not  be  standard,  and  the  heat 
units  grouped  and  manipulated  by  outside  elements,  come  in  as 
subsidiary. 

In  the  third  paragraph  in  discussing  the  steam  used  for  auxili- 
aries, the  Committee  incidentally  strengthens  the  idea  that  a  con- 
tract is  generally  the  basis  and  object  of  a  test. 

X.  Remarks  upon  measurements  of  feed  water  or  steam  con- 
sumption are  to  the  point  and  cover  the  ground  in  a  satisfactory 
manner,  and  the  Coniiiiittee  give  very  concise  and  useful  informa- 
tion concerning  the  weighing  and  manipulation  of  the  feed  water. 

XI.  This  section  seems  to  be  sufficiently  full  and  comprehen- 
sive to  answer  all  purposes,  with  the  understanding,  of  course, 
that  extraordinary  conditions  are  to  be  treated  as  the  situation  best 
dictates. 

XII.  The  remarks  on  coal  measure Miioiits  and  commercial  tests 
seem  to  be  comprehensive,  and  when  tliese  rules  are  adopted  as  I 
presume  they  \vill  be,  in  th(^  ])r(*s('nt  form,  all  members  of  the 
Society  should  make  it  a  point  to  follow,  as  far  as  j)ossible,  tlio  sub- 
ject of  coal  and  coal  tests,  as  laid  down  in  the  final  rei)()rt,  as  the 
matter  of  kind  and  mine  of  coal,  method  of  scrutinizing  and  gang- 
ing the  fires,  and  kindred  itc^nis,  have  often  been  in  disj)ute  where 
contractors  have  been  looking  out  sharply  for  their  interests.  A 
persistent  practice  of  following:;  a  set  of  rules  endorsed  by  the 
A.  S.  M.  E.  \vi\\  after  a  while  make  them  not  only  technically 
standard,  but,  to  a  great  extent,  Icirally  so,  and  thus  ward  off  many 
disagreeable  disputes. 

XIII.  Remarks  on  indicators  are  very  good  and  speak  of  ex- 
perience upon  the  part  of  the  f'oniniitteo.  As  to  the  number  and 
time  of  taking  the  diagrams,  T  fully  agree  that  exactness  in  coin- 
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cident  cards  is  not  necessary,  and  in  nearly  all  cases  will  make  no 
difference  in  the  general  results.  I  believe  in  taking  a  good  many 
cards  and  have  tried  taking  cards  all  day  as  fast  as  possible,  mov- 
ing from  one  indicator  to  the.  other  regardless  of  coincidence  for 
any  one  cylinder  or  other  cylinders,  and  found  that  the  average 
will  make  up  quite  as  well  as  the  most  punctilious  regard  to 
isochronal  efforts.  I  have  often  used  the  repeating  method  of 
taking  diagrams,  that  is,  taking  a  number  on  one  card,  and  have 
a  case  in  view  where  fifty  diagrams  made  no  broader  line  than  a 
rather  dull  pencil  would  have  accomplished  in  going  over  once;  I 
cleaned  up  the  indicator  piston  and  spring,  and  made  sure  that 
perfect  f reedoni  of  motion  of  th'e  indicator  existed,  as  such  steadi- 
ness of  motion  in  the  engine  did  not  seem  probable.  But  the 
evidence  was  not  to  be  doubted,  several  trials  demonstrating  the 
steadiness  of  revolution  as  being  well  nigh  perfect;  the  load  was 
quite  a  large  number  of  machine  tools  doing  light  work,  so  that 
the  possible  percentage  of  variation  was  very  small  in  the  change- 
able energy,  while  .the  power  represented  by  the  line  shafting, 
counter  shafting  and  tools  heads  was  quite  a  large  proportion  of 
the  total. 

Indicator  pipes  are  of  themselves  a  study  at  times,  and  beyond 
getting  the  steam  in  and  out  of  the  indicator  as  quickly  as  the 
surroundings  will  permit,  little  can  be  said.  '  With  reference 
to  the  influence  of  indicator  pipes  longer  or  shorter,  I  have  seen 
long  pipes  work  both  ways  under  different  conditions ;  that  is,  with 
the  ordinary  three-way  cock  and  pipes  half  the  length  of  the 
cylinder  the  usual  effect  is  perhaps  mostly  to  increase  the  diagram ; 
but  in  a  case  of  a  certain  pumping  engine  with  Corliss  valves  across 
the  cylinder  heads,  the  arrangement  of  the  steam  jackets  and  other 
details  made  necessary  ratlier  long  indicator  pipes  even  at  Qach  end 
of  the  cylinders,  especially  on  the  low-pressure  cylinder;  the  result 
was  tliat  tlie  sluggislinoss  of  tlie  steam  in  getting  out  to  the  in- 
dicator prevented  the  full  initial  pressure  being  realized  in  the 
indicator,  nnd  the  indicated  power  of  the  steam  end  of  the  engine 
was  less  than  the  ])owor  re])rc\sented  by  the  water  pumped,  thereby 
showing  an  apparent  efticioncv  in  the  engine  of  about  105  per  cent., 
which  looked  very  much  like  ])(Tpctual  motion.  Perhaps  if  some 
form  of  (lynanionietcr  could  be  used  in  checking  tests  of  mill 
engines  some  such  results  might  occasionally  be  met  with. 

XV.  With  reference  t(^  brake  horse-power,  I  have  little  to  do 
with  such  methods  of  tests,  as  the  work  falling  my  way  has  been 
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too  "  powerful "  to  admit  of  the  use  of  brake  detemiinations^ 
although  I  should  judge  that  the  device  illustrated  would  be  desir- 
able within  its  limits. 

XVI.  The  remarks  on  quality  of  steam  seem  to  cover  the 
ground  satisfactorily,  and  the  method  laid  down  concerning  calori- 
meter performance  seems  to  be  unobjectionable,  although  some 
trifling  variations  in  detail  might  be  practised. 

XVII.  For  ordinary  work  in  reckoning  speeds  of  engines,  no 
doubt  the  revolution  counter  is  so  far  the  most  practicable  and 
best  means,  and  its  readings  will  permit  of  averaging  the  speed  as 
to  revolutions  per  minute  to  any  extent  of  decimals,  which  answers 
ever}''  purpose.  The  variations  in  angular  velocity  evidently  need 
some  further  study  before  standards  are  established,  although 
satisfactory  determinations  may  now  be  made  when  necessary. 

XVIII.  With  reference  to  recording  the  data,  although  a  log- 
sheet,  suggested  by  the  Committee,  might  not  be  imperative,  it 
adds  to  the  value  of  the  report  to  present  what  could  be  a  standard 
log-sheet  or  book,  and  which  in  many  cases  could  be  used  in  part  or 
mostly,  even  if  not  completely. 

XIX.  In  the  great  majority  of  cases  I  do  not  consider  extreme 
uniformity  of  conditions  as  requisite,  as  the  laws  of  average  within 
fairly  broad  limits  will  balance  errors  to  a  remarkable  extent. 
Still  it  is  a  good  idea,  and  perhaps  in  some  cases  necessary;  it  is 
always  well  to  have  tlie  ideal  conditions  and  efforts  right  up  to  the 
theoretical  level  in  tlio  operator's  mind  at  least,  as  such  a  mental 
attitude  will  act  as  a  s[)ur  and  hold  a  man  up  against  patience- 
trying  obstacles.  If  the  science  oi  iiiind  can  always  be  k(»pt  a  little 
in  advance  of  the  actual  practice  a  tciulcncy  to  improve  will  no 
doubt  exist. 

XX.  Remarks  on  "  Heat  Analysis  '-  are  well  put  and  are  suffi- 
cient in  a  general  statement,  which  tliis  paragraph  must  neces- 
sarily be. 

The  study  of  "  coin l)iiiat  ion  diagrams  '■  is  very  int(M'(^sting,  and 
should  be  carefully  hee(le<l  by  at  least  one  party  to  a  test  where 
satisfaction  of  a  conlrat-t  is  to  lie  ascertained.  The  user  cares 
nothing  about  the  matter,  hut  tlie  builder  nee<Is  to  know  why  he 
succeeds  or  fails  in  wliat  he  nn<lertakes,  and  where  the  patli  of 
advancement  lies. 

I  scarcely  see  tb.e  imjxntance  <\{  tlie  "'commercial  cut-(»iT  "  in  a 
code  of  rules,  althougli  tliere  i<  no  oj)jcction  to  it.  Tt  seems  to  me 
like  padding  the  code,  so  to  speak.     Tlie  real  cut-off  is  i)robably 
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where  the  curve  reverses  from  the  "  ehoking-off ''  of  the  inrushing 
steam  to  the  beginning  of  tlie  actual  expansion.  The  best  effects  in 
steam  cylinders  cannot  be  obtained  without  approximately  correct 
expansion,  and  the  final  determination  of  good  economical  effects 
is  proper  evidence  that  the  cut-off  has  taken  place  with  sufficient 
sharpness  to  separate  the  expansion  of  the  entire  body  of  steam  back 
to  the  boiler  or  receiver,  from  the  expansion  of  the  smaller  body 
of  steam  entrapped  within  the  cylinder  by  the  closing  of  the  in- 
duction valve.  The  diagram  itself  gives  the  only  possible  evidence 
of  the  point  of  cut-off  for  detaching  cut-off  gear,  because  the  drop 
of  the  cut-off  with  vacuum  pots  or  with  weights,  is  practically 
constant,  while  the  point  in  the  stroke  at  which  the  suppression 
actually  takes  place  with  a  certain  point  of  detachment  depends 
upon  the  flight  of  the  piston  during  the  drop. 
.  The  ratio  of  expansion  and  the  diagram  factor  are  well  stated, 
and  assist  greatly  in  keeping  the  ideals  of  the  engine  builder  at  a 
respectably  high  level.  I  am  inclined  to  the  opinion,  however,  that 
such  considerations  are  strictly  to  be  considered  among  the  mental 
tools  of  the  expert,  rather  than  as  a  part  of  a  code  of  methods. 

XXI.  Kemarks  under  "  Standards  of  Efficiency  "  do  not  change 
my  views  as  to  placing  the  steam  consumption  basis  in  first  place, 
and  tlie  remarks  in  fine  print  in  section  xxi.  tend  to  show  that 
the  standard  method  will  represent  a  plant  test  instead  of  an 
engine  test.  Whatever  the  Committee  finally  decides  upon  and  the 
Society  adopts  I  shall  fully  indorse  and  act  upon,  but  impressions 
upon  one's  mind  are  rather  automatic  and  sometimes  difficult  to 
subjugate,  although  possible  to  control. 

XXII.  and  XXIII.  These  sections  speak  for  themselves  and  do 
not  call  for  any  particular  coininent  as  I  can  see. 

With  reference  to  the  rules  for  conducting  tests  of  gas  and  oil  i 
engines,  I  am  not  particularly  interested  in  the  operation  of  such  ' 
engines,  but  the  ground  seems  to  be  well  covered,  involving  as  it 
does  the  matter  of  caloric  directly  used  instead  of  employing  a 
vehicle  to  trans])ort  the  heat  from  the  point  of  generation  to  that 
of  usefulness.  It  is  real  heat  unit  testing,  as  nothing  intervenes 
between  the  i)roduction  and  use  of  the  heat  in  the  same  machine. 

The  tables  giving  data  and  results  of  steam  engine  tests  are  well 
thought  out,  and  no  doubt  cover  practically  all  that  is  needed  in 
the  way  of  a  log.  Occasions  will  of  course  arise  needing  something 
not  foreseen  bv  the  Committee,  but  the  value  of  the  proposed 
log-sheet  consists  in  having  one  which  is  sensible  and  consistent^ 
upon  which  to  base  a  test. 
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Mr,  Charles  L.  Heisler.— The  Committee,  in  referring  to  calo- 
rimeters under  Section  xvi.  "  Quality  of  Steam/'  writes : 

"  We  recommend  that  a  separator  should  be  introduced  before 
making  a  test,  so  as  to  free  the  steam  of  all  moisture  that  it  is 
possible  to  remove,  the  calorimeter  being  attached  beyond  the 
separator." 

Having  become  interested  in  the  subject  of  calorimetry,  when 
a  student  in  1888,  I  naturally,  like  others,  experimented  and 
devised  improvements  in  such  apparatus,  and  consequently  rel- 
ished the  perusal  of  the  many  pages  of  very  valuable  experi- 
mental data  and  expressions  of  opinions  recorded  by  experts  in  the 
Transactions  of  the  Society.  From  a  study  of  the  development 
of  calorimetry,  as  brought  out  in  the  i)apers,  I  believe  even  the 
most  casual  students  of  the  subject  agree  with  what  is  in  part 
suggested  by  the  above  quotation  from  the  Committee's  report, 
i.e.f  when  making  a  refined  test,  the  perfect  separation  of  all  mois- 
ture from  the  steam  just  before  it  enters  the  engine  is  of  primary 
importance;  and  since  it  is  impossible  to  get  a  sample  of  the  steam 
mixture  from  which  can  be  accurately  determined  the  percentage 
of  moisture,  the  calorimeter  should  be  used  to  indicate  or  detect 
any  trace  of  moisture  which  may  pass  through  the  separator;  in 
other  words,  its  function  slioiild  be  to  detect  the  slightest  imperfec- 
tion in  the  working  of  tin*  separatoi',  rather  than  to  attempt  the  im- 
possible task  of  accurately  measuring  the  actual  amount  of  mois- 
ture mixed  with  the  steam  passing  to  the  engine. 

It  is  apparent  that  wlicn  socking  accurate  results,  the  com- 
mercial separator,  altliougli  amply  ctfieient  when  doing  the  every- 
day work  for  which  it  was  desi«rncd,  is  not  near  enough  to  perfec- 
tion for  use  in  refined  tests;  furthermore,  it  is  well  known  that  a 
very  much  higher  degree  of  refinement  has  l)(»en  secured  under 
less  favorable  conditions  tlian  those  which  iire  met  in  the  problem 
before  us;  as  shown  by  cream  separators,  which  practically  reach 
perfection  in  nunoving  nearly  every  trace  of  cream  from  milk. 

In  the  year  of  1S!)(;,  ^hile  teaching  at  the  Pennsylvania  State 
College,  I  was  very  niueli  impressed  with  tlie  data  furnished  me  by 
a  capable  chemist  in  the  aiirieulture  (le]>artment,  wlio  stated  that 
often  they  find  but  a  very  sliulit  trace  of  cream  after  sej)aration 
imder  favorable  e(»n<]itious,  and  u-unlly  about  ;.„'„„  ]>art  of  the 
cream  remains  in  tlie  skinnne<l  milk.  Tliis  certainly  emphasizes 
the  possibility  of  an  easy  solution  of  the*  separation  problem, 
particularly  when   considering  that  equal  volumes  of  skimmed 
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milk  and  cream,  when  weighed,  are  approximately  as  \i ;  whereas 
moisture  and  dry  steam  give  roughly  at  least  a  ratio  of  lyo.  in 
favor  of  perfect  separation.  To  try  the  experiment  promptly 
suggested  itself  and  resulted  in  tlie  sketching  out  a  separator  of 
which  the  device  shown  in  Fig.  J  42  is  a  slight  modification  in 
form.  The  material  for  the  apj^^aratus  was  furnished  by  the 
Engineering  Department  of  the  Pennsylvania  State  College.  The 
apparatus  was  made  by  two  senior  students  and  experimented  with 
by  junior  students  at  the  end  of  the  spring  session.  Unfortunately, 
the  close  of  the  term  gave  time  for  only  a  sufficient  number  of 
runs  to  show  that  the  apparatus  readily  separated  even  when  a  jet 
of  water  admitted  some  distance  above  the  apparatus  gave  a 
mixture  contuining  50  per  cent,  water.  The  excess  of  water  was 
first  trapped  in  the  upper  separating  chaiuber  5,  and  from  there  it 
])assed  back  of  the  serrated  and  i)erforated  shield  7  directly  to  the 
catch  chamber  6.  Only  the  "  mist "  or  fine  particles  of  moisture 
held  in  suspension  passed  down  through  tlie  throat  8,  and  met  the 
rapidly  revolving  fan  9  arranged  directly  over  the  exit  10.  Evi- 
dently the  conical  ceutreinece  of  the  fan  obliged  every  particle  of 
steam  to  pass  its  vanes  twice,  as  shown  l)y  the  dart,  so  that  it  was 
reasonable  to  expect  that  it  proved  an  cflFective  barrier  to  even  the 
slightest  trace  of  moisture,  particularly  when  considering  that  the 
fan  may  be  'revolving  at  least  5,000  revolutions  per  minute  and 
upward.  The  fan  may  be  driven  by  any  suitable  motor.  When 
not  in  motion  tlie  apparatus  act^s  as  a  commercial  separator. 

The  first  impression  was  that  we  might  have  considerable  wire 
drawing  and  a  slight  amount  of  superheat  due  to  the  heat  equiva- 
lent of  work  done  by  the  fan.  (J auges  did  not  show  any  diflfen^nce 
in  pressure,  which  appears  partly  to  be  due  to  tlie  suction  of  the 
upper  fan  vanes  being  greater  than  tin?  resistance  of  the  lower 
vanes;  and  because  the  passages  through  the  tra]>s  or  separator 
are  large  when  compared  with  the  stcani-])i])e  area.  It  a])pcars 
that  superheating  wouM  have  been  desirable,  since  it  would  have 
been  proof  of  the  dryness  of  the  steam,  and  wouM  have  b(*en 
easily  allowed  for:  however,  the  very  snuill  heat  e(juivalent  of 
the  fan's  work  beeanie  infinitely  minute  as  eoni])ared  with  the 
immense  volume  of  heat  ]>a-sinir  ihron.uh  the  a])])aratus,  so  that  no 
superheat  was  d(^tectable. 

If  it  is  desired  to  check  or  fe^t  the  a|)])aratus,  and  detect  any 
trace  of  moisture  which  may  have  ]>asse(l  the  fan  which  will 
naturally  collect  in  the  pocket   1l\  it  can  be  quickly  done  without 
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calculation  by  the  automatic  measuring  separator  which  is  de- 
tailed in  Fig.  14S,  and  consists  of  the  usual  separating  trap  A 
and  By  which  precipitates  the  moisture  into  the  small  tube  F, 
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Fig.  143. 


The  dry  steam  passes  to  the  loft  and  comes  in  contact  with  the 
condensing  tubes  C\  and  is  colloctod  in  the  larger  tube  G, 

To  determino  witlioiit  calculation  the  percentage  of  moisture  in 
the  mixture  trapped  at  12  in  the  bottom  of  the  large  separator, 
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shown  in  Fig.  142,  it  is  only  necessary  to  adjust  the  small  pet 
cocks  on  the  measuring  separator,  so  that  the  liquid  levels  in  both 
tubes  G  and  F  coincide  with  zero  readings  on  the  scales  L  and 
A'.  The  length  of  these  scales  is  divided  in  the  same  proportion 
as  the  volumes  of  the  tubers  G  and  F,  which  are  as  \" .  After  ad- 
justing the  liquid  levels  at  zero  readings,  both  cocks  are  closed; 
the  right-hand  scale  bar,  or  rack  N,  is  moved  upward  so  that  the 
pointer,  now  shown  at  zero,  follows  the  liquid  level  upward. 
Meantime  the  small  gears  having  a  ratio  of  V  cause  the  other 
pointer  on  bar  M  to  move  vV  as  fast  downward  from  the  100  read- 
ing, until  such  time  as  it  coincides  with  the  liquid  level  in  the  glass 
of  the  larger  tube  G.  The  scale  readings,  taken  when  both 
pointers  coincide,  with  their  respective  levels,  correspond  to  the 
relative  percentage  of  liquids  collected  in  the  two  tubes,  and  con- 
sequently the  percentage  of  moisture.  By  clamping  the  gears, 
the  result  can  be  immediately  checked  by  again  lowering  the 
liquid  levels  to  zero,  tlien  closing  the  cocks,  and  without  touching 
the  apparatus  noting  that  both  liquid  levels  in  the  glasses  co- 
incide at  the  same  instant  with  the  scale  pointers.  Manifestly 
a  throttling  calorimeter  will  answc^r  for  the  same  purpose,  but  it  h 
not  so  convenient,  requiring  considcu'able  calculation. 

It  is  not  clear  to  me  why  a  much  better  or  fairer  sample  can  be 
obtained  from  an  ui)ward  flow  of  steam  than  from  a  downward 
flow,  as  we  all  well  know  that  liquid  particles  adhere  to  the  walls 
of  an  exhaust  j)ipe  whether  it  discharges  upward  or  downward, 
the  mixture  arranging  itself  in  the  same  manner  in  either  case; 
the  heavier  particles  find  their  way  to  the  walls  and  out  of  the 
swifter  central  current  because^  of  the  eddyinur  action  due  to  the 
frietional  resistance  and  adhesion  of  the  retaining  walls.  This 
may  be  due  to  the  fact  that  the  cfTect  on  tln^  moisture  produced 
by  the  impelling  forceps  causing  the  ra])id  fl(nv  is  very  great  as 
compared  with  the  efTect  of  gravity,  so  tliat  the  inilnence  of  the 
latter  is  practically  nil  with  steam  ilowing  one-half  to  one  mile 
a  minute,  more  or  less.  Tt  may  \n\  however,  that  the  results  of 
somebody's  experiments  u])set  such  reasoning. 

Mr,  Win.  S.  Monroe — Tlu^e  are  a  nninber  of  ihinas  in  the 
report  of  the  Committee  which,  from  my  personal  expcM'ience  in 
the  testing  of  eneines,  T  cannot  but  take  this  o])])ortunity  to 
criticise.  The  Committee  has  evi<lently  gone  very  exluiustively 
into  the  many  methods  which  have  been  current  for  testing 
engines  and  the  various  ways  of  figuring  their  efficiences,  but 
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it  seems  to  me  that  they  have  endeavored  to  harmonize  these 
various  systems  rather  than  adopt  a  simple  and  concise  method  of 
testing  which  shall  bring  out  a  definite  and  incontrovertible 
standard  of  determining  their  efficiences. 

The  report  is  intended  to  present  a  method  of  testing  an  engine, 
and  yet  it  includes  a  complete  test  not  only  of  the  condenser,  but 
also  of  the  feed  pumps  and  boilers  and  to  some  extent  of  the 
piping  as  well.  I  am  very  strongly  of  the  opinion  that  the  engine 
test  should  stop  \\dth  the  engine,  and  that  the  efficiencies  should 
be  figured  between  the  heat  in  the  steam  at  the  throttle  and  that 
in  the  steam  in  the  exhaust  pipe  just  outside  of  the  low-pressure 
cylinder.  In  the  large  plants  of  to-day  the  condenser  arrange- 
ments are  so  varied  that  they  cannot  be  considered  to  form  any 
positive  portion  of  the  engine  itself.  In  very  few  plants  is  the 
air  pump  driven  by  the  engine,  or  by  an  engine  which  is  at  all 
comparable  in  economy  with  the  main  engine,  and  in  many  there 
is  one  large  condenser  which  takes  the  exhaust  from  several  en- 
gines. In  any  case  the  efficiency  of  the  main  engine  has  nothing 
to  do  with  the  method  of  driving  the  auxiliaries.  Consider  an 
engine  of  1,000  indicated  horse-power  operating  on  thirteen  (13) 
pounds  of  steam.  The  air  pump  and  circulating  pump,  if  there  is 
one,  may  be  driven  in  several  different  ways.  We  may  take  three 
for  example,  as  follows:  (a)  direct,  (6)  separate,  (c)  electrically. 
The  pumps  require,  say  50  horse-])ower.  In  ease  (a)  the  pump- 
steam  consumption  will  be  650  pounds  per  hour;  (b)  will  require, 
say  4,000;  (c)  about  000  pounds  per  hour.  Other  things  being 
equal,  what  is  the  efficiency  of  the  engine  under  these  conditions  ? 
The  water  consumption  in  the  three  cases  is — (a)  13,650,  (b) 
17,000,  (c)  13,900;  or  per  indicated  horse-power  of  the  main 
engine — 13.0,  17.0  and  13.0  pounds  respectively.  But  if  we  drive 
our  punq^js  electrically,  then  according  to  page  4  of  the  report  we 
need  not  take  their  steam  consumption  into  account  at  all.  Could 
anything  lead  to  more  confusing  comparisons? 

In  case  (b)  in  actual  practice  the  exhaust  of  the  air  pump  would 
in  all  probability  go  to  the  receiver  of  the  main  engine,  or  to  a  feed- 
water  heater,  and  even  the  ^'  long  form  ''  of  report  does  not  to  my 
mind  adequately  accoimt  for  the  heat  that  it  thus  given  back  to  the 
plant;  at  least  so  as  to  credit  the  engine  with  it. 

Again,  engines  are  frequently  sold  on  a  guaranteed  economy, 
and  I  have  not  met  with  a  case  of  this  kind  in  which  the  air  pump 
was  considered  as  entering  in  any  way  into  the  economy  of  the 
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engine.  In  street  railway  and  electric  lighting  work,  especially, 
I  am  quite  certain  that  the  guarantee  is  almost  invariably  based 
on  a  certain  condition  of  steam  at  the  throttle  and  a  certain 
vacuum  in  the  exhaust  pipe. 

I  recognize  the  fact  that  the  reports,  both  the  long  and  the 
short  forms,  give  an  opportunity  to  express  the  efficiencies  of  the 
main  engine  alone,  but  I  cannot  but  feel  that  at  least  in  the  "  short 
form  '^  all  consideration  of  the  auxiliaries  and  of  the  boiler  plant 
should  be  cut  out  entirely.  In  many  of  the  large  street  railway 
and  lighting  plants  which  are  representative  of  the  best  practice 
of  the  day,  a  complete  test  of  the  station  would  be  a  physical  im- 
possibility; the  only  complete  test  in  such  cases  being  in  the  cost 
sheets  which  show  from  month  to  month  the  cost  per  unit  of  out- 
put of  fuel,  labor,  oil  and  sundries  and  repairs.  It  is  very  pos- 
sible, however,  in  such  cases  to  test  separately  the  boilers,  engines, 
condensers,  pumps,  heaters,  and  other  auxiliaries,  and  it  would 
be  of  great  value  to  have  a  code  for  each,  and  we  might  also  have 
a  code  for  testing  the  entire  plrnt  where  such  a  test  is  possible; 
but  it  seems  to  me  it  would  be  much  more  in  accord  with  the 
tendencies  of  modern  practice  to  make  the  engine  code  refer  to 
the  engine  alone. 

I  would  criticise  especially  the  fact  that  two  "  short  forms  " 
are  proposed  by  the  Committee.  I  plead  here  again  for  simplicity, 
as  I  feel  sure  that  the  simpler  the  code  is  made  the  more  effective 
it  will  be  in  practical  a])plication.  After  stating  specifically  that 
the  weight  of  steam  consumed  is  an  unsatisfactory  measure  of  per- 
formance, and  that  the  standard  of  consumption  for  all  classes  of 
heat  engines  should  be  referred  to  heat  units,  the  Committee 
draws  up  two  short  forms  of  the  code,  one  of  which  if^nores  this 
recommendation  entirely.  The  Ta1)les  numbers  2  and  o  differ 
mainly  in  that  in  Table  2  the  w(  iiihts  of  steam  used  are  reduced 
to  heat  units,  while  in  Table  3  this  is  omitted.  Woiil<l  it  not  be 
better  to  add  to  Table  3  the  items  relating  to  heat  units  and  omit 
Table  2  altogether? 

I  have  been  greatly  surprised  to  find  that  there  is  no  mention 
anywhere  in  the  report  of  that  most  satisfactory  analysis  of  the 
steam  engine,  namelv,  the  entropy-tcm])eraturo  diagram.  Until 
recently,  to  include  this  diagram  miirht  have  involved  an  amount 
of  work  which  would  be  warrantod  only  in  a  sei'-'ntific  investiga- 
tion. "But  since  tlie  work  of  IFenrv  A.  ColdinGT,  published  in 
England,  and  of  Prof.  Sidney  A.  Reeve,  in  this  country,  and 
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especially  by  means  of  the  charts  devised  by  the  latter,  the  prep* 
aration  of  the  entropy  diagram  has  become  quite  a  simple  aflfair, 
and  for  an  adequate  graphic  analysis  which  shows  at  a  glance  the 
heat  losses  in  the  different  parts  of  the  stroke,  the  effect  of  clear- 
ance, contracted  valve  parts,  superheated  steam,  the  extent  of 
cylinder  condensation  and  effect  of  incomplete  expansion,  nothing 
yet  devised  can  compare  with  this  diagram. 

In  the  practical  testing  of  steam  engines,  important  corrections 
are  sometiines  necessary,  and  it  would  be  very  desirable  if  a  code 
bearing  the  authority  of  this  Society  could  give  a  standard  method 
of  making  these  corrections.  I  have  in  mind  a  guarantee  test  of  a 
1,200  horse-power  engine  in  which  I  was  recently  interested.  The 
contract  stated  that  the  engine  would  be  supplied  with  steam  at 
150  pounds  gauge  pressure  and  superheated  60  degre^es  at  the 
throttle,  and  that  the  vacuum  in  the  exhaust  pipe  would  be  26 
inches.  On  the  test  the  steam  was  found  to  be  superheated  about 
100  degrees,  and  the  vacuum  was  25^  inches.  It  would  have 
saved  an  immense  amount  of  discussion  and  annoyance  if  a  code 
adopted  by  this  Society  had  given  a  standard  method  of  calculating 
the  proper  correction  to  be  made  for  the  difference  between  the 
actual  superheat  and  vacuum  from  those  required  by  the  con- 
tract. 

It  ia,  of  course,  easier  to  criticise  a  report  of  this  kind  than  it  is 
to  compile  it,  and  I  greatly  appreciate  the  immense  amount  of 
work  that  has  been  required,  on  the  part  of  the  Committee,  to 
bring  the  code  to  its  present  form.  The  criticisms  which  I  have 
taken  this  oppoi;tunity  to  mention  are,  of  course,  merely  the  ex- 
pression of  a  strong  personal  feeling  in  this  matter,  and  as  such  it 
gives  me  great  pleasure  to  submit  them  to  the  Society. 

Mr.  E,  T,  Seclerholm. — The  Committee  is  to  be  congratulated 
upon  the  thorough  manner  in  whicli  it  has  completed  a  very  diffi- 
cult and  laborious  task.  Tliere  are,  however,  a  few  points  to  which 
I  would  like  to  call  attention,  in  which  it  would  have  been  well 
if  tlie  Committee  had  insisted  more  strongly  upon  accuracy  as 
being  the  main  thing  to  be  desired,  rather  than  conceding  so  much 
to  convenience. 

First  of  all,  the  Committee,  while  not  advising,  yet  permits  the 
use  of  water  meters ;  yet  we  all  know  that  even  the  best  of  them 
are  notoriously  inaccurate,  and  even  the  degree  of  inaccuracy  is 
erratic.  A  little  air  in  the  water  plays  havoc  with  them,  or  a 
short  stroke  now  and  then  is  something  which  may  go  undetected 
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during  the  calibration  test.  Furthermore,  the  valves  C,  D,  and  F 
in  Fig.  1  are  dangerous,  for  nothing  is  simpler  than  to  shut 
valve  F  and  open  the  other  two,  passing  over  an  unlimited 
quantity  of  unmeasured  water.  Preferably,  the  connection 
between  C  and  D  should  be  broken  entirely,  or  at  least  there 
should  be  no  valve  at  F,  but  an  open  outlet 

The  Committee  leaves  the  door  wide  open  for  obtaining  any 
results  desired  when  it  recommends  that  leakage  of  circulating 
water  into  the  vacuum  space  of  the  surface  condenser  may  be  al- 
lowed for.  Any  leakage  of  any  amount  should  simply  invalidate  the 
test,  but  it  is  altogether  wrong,  in  my  opinion,  to  allow  the  engi- 
neer in  charge  of  a  test  to  make  these  allowances  after  the  loss  has 
taken  place.  It  is  just  such  allowances  which  have  made  engineers 
hesitate  in  accepting  many  of  the  reported  high  results  in  tests 
of  the  past,  and  this  Society  ought  not  to  countenance  anything 
but' that  which  has  been  proven  correct.  The  same  remarks  apply, 
of  course,  to  allowance  for  leakage  from  tlie  air  pump,  unless  such 
leakage  is  actually  caught  and  measured. 

The  Committee  suggests  that  whore  very  large  quantities  of 
feed  water  have  to  be  dealt  with  the  orifice  method  may  be  adopted 
instead  of  that  of  weighing  the  water.  In  my  opinion  nothing 
but  direct  weighing  or  measuring  in  carefully  calibrated  tanks 
can  be  relied  upon  at  all.  What  we  want  to  obtain  is  incontro- 
vertible facts,  and  the  only  difference  between  a  small  and  a  large 
plant  is  that  for  the  latter  everything  has  to  be  made  on  a  larger 
scale,  but  the  amounts  involved  are  also  larger,  making  it  permis- 
sible. And  certainly,  the  larger  the  plant,  the  more  need  is  there 
for  accuracy  in  the  test,  and  not  the  reverse. 

I  quite  fail  to  see  why  the  Committee  sliould  establish  wliat 
they  term  the  "  commercial  ratio  of  expansion,''  when  the  Com- 
mittee itself  in  the  next  j)aragraph  admits  that  it  is  not  the  corn^ct, 
the  "  ideal "  ratio.  Of  what  use  is  an  incorrect  ratio?  And  even 
the  so-called  ideal  one  recommended  1)y  the  Committees  is  incorrect, 
for  they  assume  that  the  final  volume  is  equal  to  tlie  piston  dis- 
placement. It  may  be  so  in  isolated  eases,  but  more  often  it  is 
not.  The  final  volume  depends  to  some  degree  upon  the  amount 
of  steam  which  is  retained  in  tlie  cylinder  at  the  ])oint  of  com- 
pression. At  first  sight  this  may  not  a])pear  to  be  the  case,  since 
the  steam  actually  does  expand  so  as  to  fill  the  whole  low-pres- 
sure cylinder,  including  the  clearance  sj)ace.  At  the  same  time, 
the  terminal  pressure  is  in  a  large  measure  dependent  upon  the 
54 
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amount  of  steam  retained  at  the  end  of  compression,  which  steam 
at  each  stroke  is  added  to  that  in  the  receiver,  and  then  again 


Cum.vn  Lt\g.  TrttI 


Fig.  144.— Diagrams  Taken  During  Trials  of  Steamship  "Iona'*  Madb 
BY  a  Committee  of  thk  Institute  of  Mechanical  Engineers. 

borrowed,  so  to  say,  by  the  cylinder  for  use  during  the  expansion. 
The  terminal  pressure  is  therefore  higher  the  more  steam  we 
confine  in  the  clearance  space,  and  the  correct  final  volume  is 
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measured  by  a  horizontal  line  on  the  diagram,  drawn  from  the 
point  of  terminal  pressure  to  the  place  where  it  intersects  the 
cushion  line. 

The  difference  between  the  Committee's  commercial  ratio  and 
this  actual  ratio  is  not  by  any  means  unimportant.  I  have  in 
many  instances  compared  the  results  of  the  two  methods,  and 
remember  especially  the  case  of  the  diagrams  of  the  steamship 
•^  lona's  "  engines,  Fig.  144.  The  "commercial"  ratio  there  is  only 
19.38,  while  the  actual  ratio  is  30.3.  The  former  would  lead  lis  to 
believe  that  great  losses  had  taken  place  in  the  cylinders,  quite 
unaccounted  for,  and  we  would  wonder  at  the  good  economy  shown 
in  spite  of  such  defects.  The  correct  ratio  shows  us  that  these 
losses  were  only  imaginary,  and  that  in  reality  the  actual  diagrams 
very  closely  agree  with  what  might  be  expected  and  with  what  can 
be  predicted. 

Prof.  Qaetano  Lanza,-^—!  wish  to  make  one  comment.  The 
Committee  speaks  of  a  radiation  correction  for  a  throttling  calo- 
rimeter in  Section  xvi.  of  the  report;  whereas  on  page  198,  Vol.  xi. 
of  the  Transactions,  it  was  shown  by  Professor  Peabody  that 
while  the  radiation  correction  would  be  considerable  if  an  insuffi- 
cient quantity  of  steam  were  run,  it  could  be  reduced  to  loss  than 
iV  of  1  per  cent,  by  simply  running  a  sufficient  quantity  of  steam 
tlirough  the  calorimeter.  In  that  paper  there  are  some  determina- 
tions of  the  amount  of  steam  required  for  this  purpose. 

Prof.  Sidney  A.  Ticovv.. — I  will  not  take  the  time  of  the  So- 
ciety to  attempt  to  exi)ress  my  aj^preciation  of  what  the  Com- 
mittee has  done.  I  will  inorcly  mention  one  point,  and  that  is  in 
the  list  of  efficiencies.  Professor  8piingler  has  already  expressed 
his  sense  of  the  limitation  of  attoiiipting  to  express  efficiency  truly 
in  terms  of  heat  units.  An  engine  operating  under  any  given  con- 
ditions has  available  a  certain  p()rti(m  of  tlie  lieat  given  to  it  for 
transformation  into  work.  Of  tlmt  heat  available  it  transforms  into 
work  a  certain  portion.  The  skill  with  which  the  designer  and  con- 
structor of  the  engine  have  fulfilled  their  ini-<ion  is  expressed  en- 
tirely in  this  proportion.  That  ratio  is  to  my  mind  the  one  figure 
which  expresses  most  completely  and  perfectly  the  success  and  the 
value  of  the  engine  as  a  heat  enpne.  To  that  ratio  T  ordinarilv  give 
the  name  "  cylinder  efficiency.'-  T  do  not  know  of  any  authoritative 
name  for  it,  but  I  make  it  the  primary  object  of  all  engine  testing 
to  determine  that  figure.  It  is  a  fiirnre  which  applies  to  any  set  of 
conditions,  to  any  sort  of  engine,  steam  engine,  gas  engine,  oil 
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engine — any  sort  whatever — and  for  all  of  them  it  forms  the  only 
equitable  basis  for  comparison  of  value.  It  entirely  removes  all 
difficulty  in  comparing  different  types  of  engines,  because  of  dif- 
ferent conditions  of  steam  pressure  or  different  ratios  of  expan- 
sion. 

I  think  that  this  "  cylinder  efficiency  "  should  be  made  the 
standard  expression  for  the  efficiency  of  an  engine.  For  the  pur- 
poses of  the  engineer  the  determination  of  that  figure  gives  him  all 
that  he  needs  with  the  exception  of  knowing  why  the  figure  arises. 
To  my  mind  the  report  would  bring  out  more  clearly  the  engineer- 
ing side  of  the  question,  if  that  were  made  the  standard  efficiency, 
and  afterward  it  were  pointed  out  that  the  chief  duty  of  the 
engineer  is  to  so  analyze  the  results  as  to  see  why  the  figure  is 
as  it  is.  For  the  commercial  side  of  engine  testing,  the  expression 
of  efficiency  in  pounds  of  steam  or  pounds  of  coal  is  amply  suffi- 
cient. For  the  engineer's  purpose  we  want  more  scientific  state- 
ments, and  this  cylinder  efficiency,  as  I  call  it,  is  the  only  figure 
which  gives  scientific  accuracy  under  all  conditions. 

Mr,  W.  H,  Morse, — I  should  like  to  ask  Professor  Jacobus  in 
closing  the  discussion  to  tell  us  whether  the  Committee  have  made 
any  investigations  as  to  the  effect  of  steam  at  various  temperatures 
on  the  accuracy  of  indicator  springs,  particularly  in  the  more 
common  types  when  the  steam  comes  in  direct  contact  with  the 
spring.  The  whole  engine  trial  depends  upon  the  reliability  of  the 
indicator.  If  here  we  have  an  error  of  say  5  per  cent.,  the  accu- 
racy of  the  trial  is  no  better.  This  point  is  becoming  more  and 
more  important  in  connection  with  gas  engine  trials  and  with 
superheated  steam.  I  know  that  some  elaborate  investigations 
have  recently  been  made  under  the  auspices  of  one  of  the  English 
societies  on  this  point. 

Mr,  B.  A,  Smart, — In  Section  xx.  {d)  of  the  printed  report,  it 
is  proposed  to  choose  a  theoretical  point  of  cut-off,  to  be  found  at 
the  intersection  of  the  hyperbolic  curve  throu,G:h  the  actual  point 
of  cut-off  with  a  horizontal  line  through  the  highest  point  of  the 
card,  and  call  this  assumed  point  the  "  commercial  point  of  cut- 
off." It  seems  to  me  that  if  it  is  desirable  to  choose  some  point 
other  than  the  actual  point  of  cut-off  for  purposes  of  comparison, 
this  should  not  be  called  the  "commercial  point  of  cut-off  ",  but 
rather  the  "  standard,"  or  the  "  comparative  "  point  of  cut-off. 
Manufacturers  of  engines  are  frequently  required  to  supply  an  en- 
gine which  will  cut-off  at  a  given  point.  Such  an  engine  will  be  set 
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in  the  shop  to  give  an  aclual  cut-off  of  the  specified  amount.  Now, 
wlien  the  purchaser  indicates  his  engine  and  turns  to  the  Com- 
mittee for  their  designation  of  the  point  of  cut-off,  he  will,  if  a  lay- 
man, naturally  conclude  that  what  he  wants  is  the  "  commercial 
point  of  cut-off,"  and  will  find  that  his  engine  is  cutting  off  much 
longer  than  this.  A  change  of  terms,  such  as  I  have  just  indicated, 
would  avoid  the  difficulty. 


DISCUSSION   ON   THE    FIXAL    FORM    OF   THE    REPORT   OF   COMMITTEE   ON 
STANDARDIZING    ENGINE    TES-fS.* 

Mr,  Kent, — I  am  exceedingly  gratified  at  this  final  revision  of 
the  steam  engine  Committee's  report,  especially  because  it  has 
been  very  much  changed  since  the  last  rej)ort  of  the  Committee 
a  year  ago.  I  had  occasion  to  make  a  test  of  a  compound  con- 
densing engine  recently  where  the  guarantee  ])rovidc(l  that  it 
should  show  a  consumption  of  13  pounds  or  l(?ss  of  steam  per 
indicated  horse-power  per  hour.  As  a  matter  of  fact,  it  did 
show  12.8  pounds  not  including  the  steam  used  by  the  air  and 
circulating  pump,  but  about  14  ])ounds  if  tliis  was  included.  The 
question  then  came  up,  had  the  engine  filled  its  guarantee?  The 
purchaser  said  the  air  and  circulating  pump  should  be  included, 
while  the  engine  seller  said  that  thoy  shouhl  not  be  included. 
The  matter  was  referred  to  mis  and  I  said  that  it  was  not,  in  the 
present  stage  of  the  case,  an  engineering  (jiiestion,  and  that  as  I 
did  not  propose  to  interpret  the  contract  between  the  parties  I 
would  report  the  results  both  ways.  The  difference  between  the 
two  results  was  less  when  the  exhaust  st(»ani  from  the])umps  was 
taken  into  the  feed  watei'  heater.  1  wi'ote  to  Professor  Jjicobns 
ai>oat  the  matter,  and  Risked  hini  to  consiihM'  it  in  his  report,  and 
I  think  the  C'ommittec^  has  <lone  so  in  a  very  satisfactory  man- 
ner. Either  method  may  be  used,  but  it  is  a  matter  of  the  con- 
tract between  the  buyer  and  the  sculler  as  to  which  one  should  be 
used  for  the  test.  T  hav(^  not  ha<l  an  opportunity  to  go  carefully 
over  the  final  revision  of  th(i  I'c^port,  but  1  am  very  much  ])leased 
with  some  of  the  <'hangrs,  and  1  think  we  may  congratulate  our- 
selves on  having  such  an  excel hMit  re])ort. 

I  move  that  the*  re])ort  be  r^uMMvcd  ;ind  ])i'inted,  and  the  Coin- 
mitt-ee  discharir<'d  with  the  thanks  of  the  Societv. 


♦Presented  at   the  New  Ynrk  nuM'tiiiir  (DreeinlxT,  1002). 
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A  Member, — I  second  that  motion. 

The  Chainnan, — Gentlemen,  you  have  heard  th6  motion.  If 
it  is  your  pleasure  to  receive  the  report  and  discharge  the  Com- 
mittee with  thanks  you  will  signify  it  by  saying  aye — opposed, 
no. 

Carried. 

The  Committee  *  desires  to  state  in  closing  the  discussion  that 
they  have  carefully  weighed  the  various  criticisms  and  sugges- 
tions presented,  and  that  the  report  as  it  now  stands  embodies 
their  final  conclusions.  Some  of  the  suggestions  have  been 
adopted,  and  the  report  changed  from  its  earlier  form.  In  re- 
gard to  others,  it  should  be  said  that  they  have  either  seemed  to 
the  Committee  unwise,  or,  while  the  Committee  recognized  the 
force  of  the  criticism,  there  appeared  to  be  no  satisfactory  alter- 
native. It  may  be  seen  by  examining  the  discussions,  which  are 
here  printed  in  full  as  orginally  submitted,  in  what  respects  they 
have  been  either  approved  or  disapproved. 

*  Closure  by  the  Committee. 
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H.  O.  Reist,  Secretary  of  Local  Committee.  • 
H.  O.  Hammett,  Treasurer  of  Local  Committee. 

The  forty -seventh  meeting  of  the  American  Society  of  Me- 
chanical Engineers,  was  held  in  the  city  of  Saratoga,  N.  Y., 
during  the  period  June  23d-25th.  The  headquarters  of  the 
Society  and  the  convention  hall  were  in  the  United  States  Hotel. 
The  first  session  was  called  to  order  at  8. '50,  on  the  evening 
of  Tuesday,  June  23d,  by  President  James  M.  Dodge,  who  in- 
troduced Mr.  Albert  L.  Rohrer  of  Schenectady,  Chairman  of 
the  Local  Committee  of  members.  In  his  welcome  to  the  mem- 
bers, Mr.  Rohrer  called  attention  to  the  fact  that  the  group  of 
members  contributing  to  the  Saratoga  Meeting  included  resi- 
dents from  Sandy  Hill  on  the  north,  to  Hudson  on  the  south,  and 
from  Gloversville  on  the  west  to  Pittsfield,  ^[ass.,  on  the  east. 
He  included  in  his  welcome  a  greeting  on  behalf  of  tlie  indus- 
trial corporations  which  were  to  l)e  hosts  of  the  Society  <hiring 
the  stay  of  its  members.  The  President  of  the  Society  re- 
sponded to  the  welcome  in  fitting  terms. 
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Professional  papers  were  then  taken  up — the  first  by  Mr. 
James  M.  B.  Scheele  describing  the  United  States  Army  Gun 
Factory  at  Watervliet  Arsenal,  with  respect  to  its  working 
equipment,  which  the  Society  was  to  visit  on  Thursday.  The 
following  paper  by  Mr.  R.  P.  Bolton,  ''Tests  of  an  Hydraulic 
Elevator  Plant,"  was  discussed  by  Messrs.  George  Hill  and  John 
Bdlch  Blood.  Mr.  Blood's  paper  on  a  "A  Rational  Train  Re- 
sistance Formula"  was  discussed  by  Mr.  H.  W.  Hibbard. 

Second  Session.     Wednesday,  June  24Tn,  10  A.M. 

The  Secretary  presented  as  the  opening  business  of  this  session 
the  report  of  the  tellers  appointed  to  count  the. ballots  cast  for 
members  seeking  election  at  this  time.  The  report  was  as 
follows: 

REPORT  OF  TELLERS  OF  ELECTION. 

The  undersigned  were  appointed  a  committee  of  the  Council 
to  act  as  tellers,  under  Article  11  of  the  Rules,  to  scrutinize  and 
count  the  ballots  cast  for  and  against  the  candidates  proposed 
for  membership  in  their  several  grades  in  the  American  So- 
ciety of  Mechanical  Engineers,  and  seeking  election  before  the 
XLVIIth  meeting,  Saratoga,  1903. 

They  have  met  uj)on  the  designated  day  in  the  oflBce  of  the 
Society  and  have  proceeded  to  the  discharge  of  their  duty. 
They  would  certify,  for  formal  insertion  in  the  records  of  the 
Society,  to  the  election  of  the  following  persons,  whose  names 
appear  on  the  api)ended  list,  in  their  several  grades. 

There  were  G13  pink  ballots  cast  of  which  11  were  thrown 
out  because  of  informalities.  The  tellers  have  considered  a  bal- 
lot as  informal  which  was  not  endorsed,  or  where  the  endorse- 
ment was  made  by  facsimile  or  other  stamp. 

C.  W.  Hunt,  \ 

Samuel  S.  Webber,     >■  Tellers  of  Election, 

Charles  II.  Corbett.  ) 

As  Members. 

Atkins,  Harold  B.  Barton,  Henry  L.  Bishop,  Chas.  R. 

Avers,  Hobart  B.  Batchelder,  Asa  Fred  Bliss,  Collins  P. 

l^aehr,  Wni.  Alfred  Becker,  Win.  J.  Bourne,  Geo.  Lewis 

Balkwill,  Stephen,  Jr.  Behn,  Carl  Breese,  Chas.  P. 
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Briggs,  James  Marvin 
Budd,  Edward  G. 
Burlingame,  L.  D. 
Caldcr,  John 
Cameron  y  Barton  H. 
aiflford,  Oliver  C. 
Cochrane,  Robert  B. 
Cole,  Dwight  S. 
Connell,  John  J. 
Croxton,  Herbert  A. 
Dally,  John  Horton 
Doherty,  Henry  L. 
Egan«  Tliomas  P. 
Ensign,  Geo.  A. 
Fairbum,  Wm.  A. 
Flint,  Wm.  P. 
Gardner,  G.  Clinton,  Jr. 
Goodrich,  Robt.  R. 
Gregory,  Joseph  N. 
Harrison,  Burt  S. 
Hart,  Howard  S. 
Haskell,  Broderick 


Haasan,  R.  D. 
Hau^hton,  Frank  A. 
Jackson,  John  P. 
Kni.i;ht,  Chas.  F. 
Lamy,  Camille  A. 
Lane,  Arthur  M. 
Lorsch,  Edwin  S. 
McColl,  J.  R. 
McGregor,  Hugh  R. 
McMullin,  Frank  Van 
McNaughton,  James 
Maddock,Gco.  F. 
Markham,  Edw.  R. 
Martin,  Simon 
Mills,  Edmund 
Milson,Thos.  H. 
Mitchell,  Guy  E. 
Morse,  Wm.  A. 
Moss,  Sanford  A. 
Muller,  Paul 
Murray,  Geo.  Robert 
Newton,  T-iCwis  W. 
Norton,  Wendell  P. 


Oberauer,  Ludwig 
Park,  Walter  E. 
Power,  Pomeroy  W. 
Reid,  Wm.  L. 
Sanderson,  Edwin  N. 
Schulze-Pillot,  Gehrard 
Scott,  Geo.  W. 
Spier,  Chas.  L. 
Steen,  Arthur  B. 
Stringliam,  Joseph  S. 
Sullivan,  L.  N. 
Swenson,  Bernard  V. 
Ten  Broeck,  Floyd  G. 
Thresher,  Alfred  A. 
Troth,  P.  Howard 
Upp,JohnW. 
Wadsworth,  Frank  L.  O. 
Wells,  Frank  O. 
West,  Geo.  W. 
White,  Arthur  M. 
Wiley,  Edgar  C. 
Wraith,  William 


Promotion  to  Fi-ll  MEMBERsnip. 


Allen,  Charles  M. 
Allen,  John  R. 
Bamay,  John  Martin 
Burgan,  A.  L. 
Carter,  Henry  W. 
auett,  Albert  E. 
Cooke,  Harte 


DePuy,  Clarence  E. 
Eklrcd,  Byron  E. 
P'ostcr,  Jed  S. 
Greene,  Arthur  M.,  Jr. 
Groj2;ory,  Wm.  B. 
Kiniber,  Geo.  Alfred 
Lock  wood,  Edwin  H. 


Macpherson,  J.  D. 
Meyer,  Henry  C,  Jr. 
Morse,  Wm.  H. 
Xiude,  Wm.  E. 
Patterson,  Arthur  W.,  Jr, 
Redwood,  I.  L 
Sanderson,  FaIw.  S. 


Allen,  Albert  M. 
Alvord.C.H. 
Iiar\',  Mark 
Benton,  Morris  F. 
Bower,  J.  G. 
Chatain,  Henri  Geo. 
Colbum,  Geo.  L. 
Dalton,  Hubert 
Dinsmore,  Samuel  C. 


As  Associates. 

Doughty,  Geo.  A. 
Fergus,  Wm.  L. 
llartncss,  R.  H. 
Kiiikcad,  James  A. 
Kuntz,  Wellington  W. 
Larnod,  Stephen  H. 
Lucko,  Chas.  E. 
Millspau-h,  Wm.  11. 
Mundy,  Wm.  (). 


Paikor.Clias.  II. 
Prcssiiiircr,  W.  P. 
Randolph,  Clyde 
Symington,  K.  H. 
Watts,  Geo.  W. 
Webster,  Warren 
Worcester.  H.  E. 
Zohe,  Ludwig  A. 


Promotion  to  Associate  Memrership. 

Hunt.  Wm.  F.  Miner.  Max  H.  Whit  ted,  Thomas  B. 

Moore,  Stanley  II. 
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Aldrich,  J.  Guy 
Baker,  Chas.  H. 
Bean,  I.  Mc  C. 
Bennett,  T.  Archibald 
Brooks,  R.  Deane 
Childs,  H.  P. 
Cluett,  Sanford  L. 
Cooke,  Morris  L. 
Danforth,  N.  L. 
Dauchy,  Samuel  Edwin 
Dietz,  Carl  F. 
Dixon,  Chas.  F. 
Ducas,  Charles 
Estabrook,  Mansfield 
Fawcett,  Wallace  H. 
Gagnier,  Edward  D. 
Gifford,  Albert  James 
Grover,  Marcus  A. 
Halladay,  Harry  F. 
Hanzlik,  Henry 


As  Junior  Members. 

Hartwell,  Hiram  B. 
Ilsley,  John  Parker,  Jr. 
Jackson,  Arthur  C. 
Jones,  Harold  C. 
Kapy,  Artturi  A. 
Kennedy,  Frank  L. 
McCoy,  William 
Macon,  Wm.  Watts 
Marot,  Edward  H. 
Merrill,  Alberts. 
Neave,  Pierson  M. 
Nichols,  John  T. 
Olmsted,  Fay  DeV. 
Payne,  Nathan  B. 
Pennock,  Geo.  Alger 
Ray,  Fred 

Richmond,  Julian  P.  W. 
Roberts,  Edwin  H. 
Robertson,  Chas.  W. 
Rumsey,  Spencer  S. 


Sarengapani,  T.  S. 
Schaefer,  Edward  F. 
Schenck,  Leon  H. 
Searing,  Emery  De  F. 
Seaver,  Edward,  Jr. 
Shoudy,  Wm.  Allen 
Stuntz,  J.  E. 
Sweet,  Franklin 
Taft,Theo.H. 
Thorpe,  John  C. 
Tischner,Chas.F.,Jr. 
ToeUe,  Wm.  Emil 
Van  Ness,  Frank  W. 
Waters,  Rossiter  L. 
White,  Everett  H. 
Wihier,Elia8R. 
Wilson,  Jacob  D. 
Wilson,  Lester  G. 
Yarnall,  D.  Robert 
Yaryan,  Edward  B. 


The  Secretary  presented  for  record  and  publication  in  the  vol- 
ume of  the  Transactions^  the  circular  which  had  been  issued  by 
the  Council  to  advise  the  membership  concerning  the  action  which 
that  body  had  taken  pursuant  to  the  announcement  of  the  pur- 
pose of  Mr.  Andrew  Carnegie  to  present  a  building  for  the  uses 
of  the  profession  of  engineering,  in  which  building  this  Society 
was  to  have  an  important  share,  both  in  the  advantages  and  in 
the  control.  The  circular  had  been  sent  by  mail  to  every  mem- 
ber, but  it  was  thought  desirable  that  the  Society  should  take 
action  in  the  general  meeting  upon  the  generous  purpose  of  Mr. 
Carnegie  and  approve  and  confirm  the  action  which  the  Council 
had  already  taken  in  advance  of  the  general  meeting.  The  cir- 
cular of  the  Council  forms  an  appendix  to  the  Proceedings  of 
this  meeting.     (No.  970,  Appendix  1.) 

TTpon  the  announcement  in  this  formal  way  of  the  action  of 
Mr.  Carnegie,  Mr.  Fred  J.  Miller  offered  the  following  set  of 
resolutions: 

The  Anieriran  Society  of  Mechanical  Entrineers  assembled  in  general  session 
at  its  47th  meeting:  in  Saratop:a,  N.  Y.,  has  learned  with  the  greatest  interest 
of  the  proposed  gift  to  the  profession  of  engineering  by  Mr.  Andrew  Carnegie, 
member  of  the  Society,  of  a  milUon  dollars  for  an  engineering  building. 

The  Society  ha.s  also  been  informed  of  the  action  taken  by  its  Council  in 
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reference  to  making  this  gift  available  and  serviceable  to  the  needs  of  this 
Society.     Wherefore: 

Be  it  Resolved^  that  this  Society  desires  to  place  on  record  its  appreciation 
of  the  purpose  of  Mr.  Carnegie,  in  seeking  to  advance  by  this  means  the  inter- 
ests of  the  profession  of  engineering, 

Resolvedf  That  by  embodying  this  purpose  in  the  form  of  a  great  and  noble 
building  for  the  uses  of  those  organizations  whose  aims  are  to  foster  the  de- 
velopment of  engineering,  the  donor  has  taken  a  step  which  will  notably  advance 
tliese  interests: 

Resolved,  That  the  Society  appro\'es  tlie  prompt  response  of  its  Council  to 
the  opportunity  offered  to  favor  and  further  the  interests  of  the  Society  which 
are  involved  in  that  progress  of  the  profession  which  lies  at  the  base  of  the 
Carnegie  gift. 

Resolved f  Tliat  it  be  referred  to  the  Council  with  power  to  transmit  by  cable- 
gram and  letter  to  Mr.  (yamcgie  the  action  of  tlie  Society,  and  to  carry  out  by 
further  action,  the  details  necessary  to  realize  Mr.  Carnegie's  generous  purpose. 

On  motion  the  Society  expressed  its  sentiment  upon  the  gift, 
and  the  resolutions  accepting  it,  by  a  rising  vote,  which  was 
unanimous.  In  seconding  the  resolutions,  Mr.  Ilenning  spoke 
as  follows: 

Mr.  Gu8  C.  Ilenning. — In  rising  to  second  tliese  resolutions  I 
wish  to  compliment  the  mover  of  them  on  the  lucidity,  precision 
and  appropriateness  of  the  words  which  he  has  chosen  to  ex- 
press our  sentiments.  I  think  the  Society  does  itself  great 
honor  in  taking  this  unanimous  and  wise  action  upon  Mr.  Car- 
negie's most  generous  gift.  I  tliink  that  it  is  understood  that  if 
the  one  million  of  dollars  which  has  been  mentioned  does  not 
meet  the  requirements  of  the  building  to  be  erected  for  the  use 
of  the  associations,  it  is  Mr.  Carnegie's  intention  that  sufficient 
funds  should  be  provided  to  make  the  building  adequate  and 
satisfactory,  so  as  to  insure  its  completion  and  to  meet  the  needs 
of  the  societies,  not  only  for  the  present  but  for  many  years  to 
come. 

The  Secretary  presented  a  rei)ort  on  behalf  of  Mr.  C.  J.  II. 
Woodbury,  a  delegate  of  the  Society  to  represent  it  at  a  confer- 
ence on  Standard  Eh^-trical  Rules,  held  in  Boston  in  March, 
and  which  has  incorporated  in  it  an  addition  to  the  rules,  dated 
June  1,  1903.  Th(5  Society  had  been  a  participant  in  the  orig- 
inal constitution  of  the  body  which  formulated  this  national 
code,  and  had  assigned  its  same  representative  to  act  for  it  in 
the  1903  conference  as  he  had  acted  in  the  original  conference 
in  1895.     The  report  of  this  representative  consisting  of  an  addi- 
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tion  to  the  National  Standard  Electrical  Kules,  is  printed  as  an 
appendix  to  these  minutes.     (No.  977,  Appendix  2.) 

The  next  order  of  business  was  the  presentation  of  the  report 
of  Messrs.  H.  C.  Meyer,  Jr.,  L.  G.  French  and  P.  C.  Idell, 
appointed  as  Tellers  to  count  the  returns  on  the  letter  ballot 
which  had  been  issued  by  order  of  the  Society  to  elicit  the  opin- 
ion of  the  members  of  the  Society  on  certain  questions  brought 
out  in  connection  vrith  the  discussion  on  the  Metric  System  at 
tlie  annual  meeting.     The  form  of  the  ballot  was  as  follows: 

OPIXIOX  ox  THE  METRIC  SYSTEM  AXD  H.  R.  BILL  XO.  2054. 

To  THE  Special  Tellers: 

I  defiire  to  express  my  personal  opinion  on  the  questions  which  have 
been  submitted  to  me  concerning  the  advisability  of  the  introduction  of 
the  Metric  System  and  compulsory  legislation  on  the  same,  by  means  of 
the  cross  in  the  square  placed  in  the  blank  space  upon  the  reverse  of  this 
slic^'t. 

The  cross  is  placed  in  the  space  opposite  the  vote  which  I  desire  to 

record.     The  absence  of  this  cross  indicates  a  negative  vote  on  the  question. 

I  wish  to  have  it  understood  that  this  is  a  personal  opinion  and  b  not 

intended  to  form  part  of  any  official  action  of  the  American  Society  of 

Mechanical  Engineers  on  this  question. 

XOTE— The  ballot  closes  at  12  West  31st  Street,  Xew  York,  June  1st,  1903. 

1™"^^^     In  favor  of  the  adoption  of  the  Metric  System  of  W^eights  and 
^^■■■J         Measures  as  the  only  legal  standard  in  the  United  States. 


Against  adoption  of  tlic  Metric  System  of  Weiglits  and  Measures 
as  tlie  only  legal  standard  in  tlie  United  States. 

In  favor  of  adoption  of  H.  H.  Hill  No.  2054. 


f — i 

I  f    Against  adoption  of  H.  R.  Hill  No.  2054. 

cm 


[ 


1 


In  favor  of  legislation  n'hich  would  promote  adoption  of  the  Metric 
vSystoni. 

Against  legislation  which  would  promote  adoption  of  the  Metric 
System. 

Tlie  suhstitutioi?  of  the  Metric  for  the  English  syst<im  would  be 
(Ictrimontal  to  my  biisincvss. 

The  substitution  of  the  Metric  for  the  English  system  would  not 
be  detrimental  to  my  business. 

The  substitution  of  the  Metric  for  the  English  system  would  be  of 
advantage  to  my  business. 
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It  will  be  apparent  that  the  fonn  of  the  ballot  was  carefully 
worded  so  that  it  should  appear  an  expression  of  opinion  and 
not  an  official  action  or  vote  of  tlie  Society  upon  the  questions 
asked.  The  Secretary  explained  tliat  the  circular  and  ballot  had 
been  sent  to  every  member  of  the  Society,  members,  associates 
and  juniors,  amounting  to  over  2,500.  The  numter  of  replies 
in  total  of  slips  received- was  only  514,  so  that  only  about  one- 
fifth  or  twenty  per  cent,  of  the  membership  had  expressed  an 
opinion  on  the  question  at  all.  It  was  further  explained  that 
the  II.  E.  Bill,  Xo.'  2054,  referred  to  in  the  slip  which  asked 
for  opinion,  was  not  tlie  present  form  in  Avhicli  legislation  was 
contemplated,  but  this  ballot  was  an  expression  of  opinion  con- 
cerning a  bill  which  was  not  under  consideration  at  present,  but 
which  proix)sed  to  make  the  Metric  System  obligatory  in  the 
year  1902. 

With  these  ex))lanations  the  report  of  the  Tellers  was  read  as 
follows: 

REPORT  OF  TELLKKS  T^POX  THE  METIUC  SYSTEM  VOTE. 

To  THE  C0U??CTL  OF  THE   AMERICAN   SOCIETY  OF  MeCHAXICAL  EnCIXEEUSI 

Gentlemen: — The  uii(lcrsi<::no(l  rospcctfully  report  that  tlicrc*  woro  514  ballots 
returned  to  the  tellers  by  nieiiil)ers  of  the  Society.  Of  these  five  did  not  com- 
ply with  the  rejralations  and  were  not  counted.  The  ballots  were  divided  into 
nine  headings,  upon  wliich  expressions  of  opinion  were  asked.  These  headinj*:s 
and  the  number  of  votes  cast  for  (\ich,  are  as  follows: 

In  favor  of  the  adoption  of  the  Metric  System  of  Wei«i;]its  and 

Measures  as  the  only  leiral  standard  in  the  United  States     20  per  cent.     103 

Against  adoption  of  the  Metric  System  of  Wei.i^hts  and  Meas- 
ures as  the  only  lejjjal  standard  in  the  T'nited  States.  .  .  .      TO  per  cent.     308 

In  favor  of  adoption  of  H.  H.  Bill  No.  20')  V 20  per  cent.       9.") 

Against  adoption  of  II.  It.  Bill  X(k  JOo  1 SO  per  cent.     312 

In  favor  of  legislation  which  would  promote  a<loption  of  the 

Metric  System 33  jut  cent.     ir>3 

Against  legislation  which  would  i)romotc  adoption  of  the 

Metric  System or>  per  cent.     31 1 

The  substitution  of  the  Metric  for  the  luiirlish  system  wotild 

be  detrimental  to  my  business r>s  per  cent.     2-13 

The  substitution  of  the  Metric  for  the  luiirlish  system  would 

not  be  detrimental  to  my  businc^^ 42  per  cent.     Mo 

The  substitution  of  the  ^letric  for  the  lludi.-li  system  would 

be  of  advantage  to  mv  business 89 
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With  the  assbtance  of  the  office  staff  of  the  Secretary  of  the  Society,  the 
ballots  were  arranged  in  the  classification  shown  on  the  attached  sheet,  to 
indicate  the  possible  influence  a  member's  occupation  might  have  on  his  opin- 
ion in  the  matter.     This  classification  is  only  approximately  correct. 
Very  respectfully, 

Hexry  C.  Meyer, 

Lester  G.  French,        J-    Tellers, 

P.  C.  Idell, 


■i,Jr.    ) 

CH,         V 


In  favor  of  the  adoption  *if  the  Mt^tric 
System  of  Weigh  tjs  and  Mt^aauwi'^ 
as  the  only  legal  Htandard  in  the 
United  States.  *.-...***.*.....*,, 

Against  the  adoption  of  the  Metric  Sys- 
Uiin  of  Weights  and  Meaaiiro**  jih  the 
only  legal  standard  in  the  UnittKl 
States... 

In  favor  of  adoption  of  H.  R.  BiU 
No.  2a54 

Against  adoption  nf  H.  R  BiU  No.  2054 

In  favor  of  legUlation  whirh  wnulfl  pro- 
mo to  adoption  of  the  Metric  Synlcni . 

Agaii\Rt  legii^lation  which  would  pro- 
mote adoptitm  of  the  Mt-lrk"  BvF^lern  . 

Thij  mibstitution  of  the  Metric  for  the 
Enghali  svatem  would  he  detrimen- 
tal to  my  busiJicss * , 

The  substitution  of  the  Metric  for  tli^^ 
English  system  would  not  tiLr  dcln- 
mental  to  my  buHinesa.  ..***...?►.. 

The  substitution  of  the  MelHrfor  Out 
English  pyptcju  would  be  of  advjint^ 
age  to  my  businesH, .  . , 
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Some  discussion  ensued  as  to  tlie  tulvisability  of  making  this 
report  a  matter  of  record,  and  certain  members  explained  that 
they  had  refrained  from  voting  by  reason  of  the  absence  of  ex- 
perience witli  the  Metric  System  sufficient  to  give  them  enough 
knowlei^lge  to  form  an  ojiinion.  It  was  tlie  sense  of  the  meeting 
that  in  view  of  the  fact  that  this  was  a  culmination  of  the  dis- 
cussions and  action  originating  at  the  previous  meeting,  it  would 
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b6  impossible  to  escape  the  fact  of  tlie  action  whatever  shoukl 
be  doQe  with  the  record.  A  inotioLi  to  keep  the  report  off  the 
records  was  finally  withdrawn. 

The  next  order  of  business  was  the  report  of  the  Society's 
Committee  appointed  at  the  Boston  Meeting  in  June,  1902,  to 
consider  and  report  a  Constitution,  By-Laws  and  Rules  for  the 
Society,  which  should  be  a  revision  and  amendment  of  those  now 
in  force.  This  Coniinitteo  had  been  made  to  consist  of  Messrs. 
Charles  Wallace  Hunt,  Jesse  M.  Smith,  D.  S.  Jacobus,  li.  II, 
8oule,  and  George  M.  Basford.  The  report  of  the  Committee  had 
been  sent  by  mail  to  all  members,  in  April,  with  a  request  that 
they  would  Send  to  the  C^ommitteo  any  suggestionsj  amendments 
or  iraproTOments,  in  writing,  that  the  Committee  might  consider 
these  amendments  in  advance  of  the  meeting  and  incorporate 
such  Bs  were  desirable  in  a  final  report  to  be  pi^sented  at  this 
meeting.  A  revised  draft  or  second  edition  of  the  Constitution, 
By-Laws  and  Kules  had  been  pre]>ared,  incorporating  many  of 
these  valuable  suggestions,  and  was  distribiited  at  the  meotiag 
in  the  form  in  which  it  appears  an  an  appendix  to  these  minutes, 
(Mo.  978,  Appendix  3.) 

The  text  of  the  Committee's  report  was  as  follows  : 


REPORT    OF    THE    COMMnTEE    0>f     KK VISION    OF    THE    BULKS    AMB 

METHODS- 

* 
The  Committee  on  the  Reviaioii  of  Rules  and  Methods,  in  pin^uatice  of  hi- 

strtK'tiotia  pven  them  at  the  December  meetini^,  beg  leave  to  report  that  they 
hftvc  carefully  reconsidered  tlieir  work  and  hare  made  swch  cnrrcetioni^  as 
\  «semed  advisable,  and  herewith  pres^ent  a  draft  of  a  Conatitiition,  By-Laws 
ftnd  Rule.^,  which  they  reconnueud  f(ir  fMlopiion  by  the  Society  by  the  pro- 
cedure provided  in  the  pnisent  rules  requinn/x  a  letter  ballot, 

Imniediatdy  after  the  Decern ht^r  nie*^tiiig  the  Seeretarv^  sent  a  copy  nf  the 
Coi»i*titution,  Hy'^^ws^  and  Rulcii  prcdented  to  the  meeting;  hy  the  CiXiiiuittef, 
ftccofiipurjied  by  a  letter  of  the  President,  request in§c  (iieiub^rs  to  send  to  the 
Coinmitlee  such  sufT^estions  a-^  they  had  to  offer  for  the  consideration  of  the 
Committee  pre\nous  to  it^  report  at  the  Saratoga  meeting. 

Twenty-three  written  communications  \v^\e  beeiv  received  hi  response  to 
the  President's  letter  inviting  su^j^ej^tions  for  the  Committee  to  consider  in 
advance  of  the  meeting.  There  were  ninety-five  suggestions  made,  but  as 
maiiy  of  these  were  on  the  siime  subject  the  actual  number  for  the  Committee 
to  consider  was  mat<?rially  reduced.  The  importance  of  tlie  suggestions  varieti 
from  the  onii^Hturi  ui  a  comma  to  the  inserti<in  of  new  piiragraphs.  Every 
communtcalion  to  the  Committee  was  carefully  rev'icweii,  and  <*ach  sugjieetion 
diftcm^i^,  and  such  chanp:eft  were  made  as  seemed  desirable,  resulting  in  the 
draft  now  presented  to  you. 

To  illustrate  the  character  of  the  clmiigen  that  have  been  Jn&de  other  thau 
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punctuation  marks  and  verbal  corrections,  consider  Section  C-2.  Professor 
Kent  pointed  out  that  a  change  in  the  order  of  the  clauses  of  this  paragraph, 
placing  "the  maintenance  of  an  Engineering  Library"  last,  would  be  an  im- 
provement.    This  suggestion  was  adopted  by  the  Committee. 

Changes  of  a  similar  character  have  been  made  elsewhere,  and  the  order  of 
the  sections  has  been  changed  in  some  cases  to  bring  the  sections  treating  of 
the  same  subject  matter  together,  or  in  a  more  suitable  place,  for  instance: — 
Sections  R-9  and  10  were  made  R-14  and  15.  B-40  was  placed  at  the  end 
of  the  By-Laws.  The  above  class  of  changes  did  not  affect  the  meaning  or 
scope  of  the  sections  in  any  manner. 

Another  class  of  changes  was  made  to  correct  obscure  expressions,  as  in 
Sections  C-9.  Mr.  Birkinbine  suggested  that  the  wording  should  be  amended 
so  that  it  could  not  l)e  interpreted  to  mean  that  a  teacher  of  engineering  for 
five  years  or  more  can  become  a  member,  irrespective  of  his  age.  This  was 
accomplished  by  dividing  the  paragraph  into  two  sentences.  The  same  changes 
were  necessary  in  Sections  C-10  and  C-11. 

A  part  of  the  para.irraph  C-21 ,  relating  to  the  present  Junior  Members  has  been 
taken  from  the  Constitution  and  made  R-17.  This  will  permit  this  clause  being 
dropped  from  the  Rules  by  order  of  the  Council  as  soon  as  it  has  served  its 
purpose,  without  the  formality  of  a  vote  l)y  the  membership  at  large,  which 
would  be  necessar}'  for  a  constitutional  change. 

A  more  important  change  was  made  in  treating  the  subject  of  an  independent 
Nominating  Committee.  It  was  clear  that  this  provision  should  be  a  constitu- 
tional and  not  a  by-law  provision.  C— 48  and  B-31  were  adopted  to  accom- 
plish the  purpose.  From  this  necessarily  followed  the  change  made' in  0-51, 
as  the  power  of  removing  members  of  a  committee  l>y  the  Council  should  not 
apply  to  a  Xominatlng  Committee. 

Xew  sections  liave  l>ecii  inserted  to  cover  some  of  the  suggestions  made  to 
the  Coniniittec,  such  as — the  status  of  guests  of  the  members  wliich  had  not 
heretofore  bc(Mi  defined.  Its  necessity  has  developed  since  the  Society  has  so 
largely  increased  in  numbers.  The  Sections,  B-24  and  R-14  and  15  have 
been  drafted  to  cover  this  case. 

The  laws  of  the  State  of  Xew  York,  under  which  we  are  organized,  empowers 
every  member  to  vote  by  proxy  at  all  meetings  of  the  Society,  and  the  provi- 
sions of  the  law  have  been  incorporated  in  vSection  C— 7,  and  the  provision  for 
carrying  it  into  effect  in  B-41. 

The  Section  C-59,  relating  to  the  method  of  amending  the  Constitution 
has  had  extended  consideration  by  tlie  Committee.  The  conclusion  arrived 
at  io  that  it  is  now  the  right  of  a  nioniber  and  a  seconder  to  have  a  vote  taken 
at  any  meeting  of  the  Society.  In  all  associations  of  this  character  it  is  the 
universal  practice  to  have  an  amendment  to  the  constitution  presented  to 
the  membership  for  a  vote  whenever  regularly  presented  by  a  member.  Tlie 
Connnittee  did  not  deem  it  wise  to  abridge  the  riglit,  but  desired  to  hedge  it 
roinul  with  such  formalities  as  would  make  the  mover  take  a  sober  second 
thought,  both  as  to  the  subject  matter  and  the  form  of  the  amendment. 

The  semi-annual  meeting  has  been  fixed  as  the  time  of  offering  an  amendment 
in  order  that  the  j)rincipal  discussion  shall  take  place  at  the  Xew  York  meeting, 
when  the  largest  attendance  nuiy  be  expected. 

The  general  procedure  is  that  an  amendment  nnist  be  presented  at  a  semi- 
annual meeting,  and  be  open  to  discussion  and  to  such  amendment  as  the 
mover  sees  fit  to  accept.     The  amendment  is  then  printed  and  mailed  to  the 
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membership,  and  at  the  December  meeting;  following,  the  subject  is  brought 
before  the  Society  for  discussion  and  amendments  acceptable  to  the  mover. 
A  vote  is  then  taken  as  to  whether  the  amendment  shall  be  submitted  to  the 
members  for  a  letter  ballot.  If  twenty  mcml)ers  shall  vote  in  favor  of  such  sub- 
mission, a  letter  ballot  shall  be  taken  in  the  maimer  prescribed  in  the  By-Laws. 

The  important  subject  of  protecting  the  Society  from  unsuitable  candidates 
has  been  appreciated  by  the  Committee,  and  the  subject  treated  in  the  fol- 
lo¥ring  manner.  It  is  manifestly  impossible  for 'a  member  to  personally  know 
all  the  applicants  for  membership,  and  the  Society  cannot  be  adequately  pro- 
tected by  a  membership  vote  alone,  no  matter  how  fully  the  candidate's  quah- 
fications  are  presented  to  the  voter. 

A  member  receiving  a  list  of  candidates  is  entitled  to  know  that  each  name 
has  been  carefully  scrutinized  as  to  tlie  appUcant's  engineering  qualifications, 
as  well  as  his  suitability  for  membership.  To  insure  a  careful  consideration, 
the  duties  of  the  Meml)ership  Committee  are  specified  in  considerable  detail 
in  B-26.  The  sending  out  of  the  applicant's  references  and  qualifications  to 
the  membership  with  a  request  for  confidential  communications,  will  develop 
unfavorable  features  if  tliere  are  an\',  and  the  Committee  will  not  pass  the 
applicant's  name  forvi'ard  to  the  Council  if  there  is  doubt  of  his  engineering 
qualifications  or  liis  character.  After  an  application  has  passed  the  scrutiny 
of  the  Membersliip  Committee,  the  Council  then  passes  upon  it.  It  must  re- 
ceive their  approval  before  it  can  go  out  to  the  nicnibors  for  a  letter  ballot. 

Thus  we  have  two  bodies  scnitinizing  each  application,  a  plan  which  it  is 
thought  will  fully  protect  tlie  Society  and  give  an  assurance  to  the  voters  that 
every  precaution  has  been  taken  in  each  name  j)re.sented  to  them  for  ballot. 
With  this  protection  against  unsuitable  appHcants,  tliere  is  but  little  necessity 
for  giving  extended  consideration  to  the  number  of  adverse  votes  to  defeat  an 
election. 

Paragraph  C-IO  lias  been  drawn  witli  an  expectation  tRat  our  Society  will 
largely  increase  its  membership  in  a  few  years.  The  number  of  adverse  votes 
required  to  defeat  an  election  in  our  present  Rules  is  seven.  This  number 
was  adopted  when  the  Society  was  much  smalh^r  than  at  present.  It  is  self- 
evident  that  as  the  membership  iiuTeas(*s  this  number  should  also  be  increased. 
The  percentage  scheme  in  the  present  draft  will  adjust  the  number  automatically 
as  the  Society  develops.  If  the  proposed  rule  be  api)lie<l  to  the  Society  at  the 
time  the  present  nile  was  adopted,  the  number  of  adverse  votes  to  defeat  an 
election  would  be  practically  the  same  as  then  specified. 

As  the  Society  increases  in  numbers,  the  burden  upon  the  Secretary  will  in- 
crea.se,  unless  a  material  portion  is  assigned  to  the  Standing  Committees, 
as  proposed  in  this  Constitution. 

There  arc  .«?ix  standini;  connnittees  specified  in  C-lo,  each  composed  of  five 
members.  Especial  care  has  been  taken  in  Sections  1^2*2  to  21),  enumerating 
their  duties,  to  call  for  freciuent  meetings,  as  well  as  to  specify  in  considerable 
detail  the  duties  they  are  to  perform. 

One  of  the  first  objects  sought  in  the  revision  was  to  have  each  committee 
organizetl,  so  that  only  one  member  retire.-  each  year,  thus  enabling  a  com- 
mittee to  consider  and  adopt  a  policy  and  then  to  consistently  carrj'  it  into 
execution. 

This  plan  will  bring  into  the  active  work  of  the  Society  thirty  Members, 
Associates,  and  Juniors,  in  addition  to  the  elective  officers.  This  "widening 
of  the  field  of  interested  members  seems  a  more  desirable  plan  than  to  restrict 
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the  management,  and  the  honors  to  the  small  number  elected  by  ballot  as  would 
be  the  case  if  the  Committees,  or  even  the  Chairmen,  were  to  be  selected  from 
the  Council.  Usually  the  Council  has  only  two  or  three  members  that  can 
conveniently  meet  monthly  for  committee  work,  and  to  appoint  those  whose 
residence  or  business  makes  it  inconvenient  to  attend  meetings,  is  to  invite  im- 
perfect or  incomplete  work. 

The  chairmanship  of  these  committees  will  soon  become  posts  of  influence 
and  high  honor,  and  will  attracl  men  of  ability,  who  will  feel  honored  in  giving 
the  time  necessary  to  carry  on  the  committee  work.  Juniors  cannot  hold 
elective  office  under  our  Rules,  but  can  become  active  and  influential  members 
of  suitable  standing  committees. 

Respectfully  submitted, 

C.  W.  Hunt. 
Jesse  M.  Sbuth. 

D.  S.  Jacobus. 

R.  H.  SOULB. 

Geo.  M.  Basford. 

At  the  close  of  the  presentation  of  this  report  the  Chairman 
presented  the  following  resolutions: 

Resolved  J  That  the  form  of  a  Constitution,  By-laws  and  Rules,  presented  by 
the  Special  Committee  on  Rules  and  Methods,  be  submitted  to  the  membership 
for  a  letter  ballot  vote,  as  required  in  Article  45  of  the  present  Rules. 

Resolved^  That  the  ballot  shall  close  at  eleven  a.m.  on  the  Wednesday  fol- 
lowing the  first  Tuesday  in  December  next. 

Resolved,  That  the  Secretary  shall  verify  the  signature  on  the  envelope  in- 
closing each  ballot  cast. 

Resolved,  That  the  President  shall  appoint  three  tellers  to  canvass  the  vote 
and  report  the  result  tliercof  to  the  meeting. 

These  resolutions  were  duly  seconded  and  the  question  was 
open  for  debate. 

Mr.  Gus  C.  Henning  spoke  in  appreciation  of  the  work  of  the 
Committee,  and  particularly  of  his  pleasure  in  noting  that  the 
Committee  had  thought  favorably  of  his  suggestion  concerning 
the  creation  of  Sections  of  the  Society.  It  was  his  opinion,  how- 
ever, that  the  importance  of  this  idea  was  not  sufficiently  em- 
phasized by  making  the  organization  of  these  sections  a  per- 
missive matter  in  the  discretion  of  the  Council.  He  thought  it 
should  be  obligatory  upon  the  Council  to  proceed  with  the 
organization  of  the  sections  and  recommended  that  the  second 
article  of  the  Constitution  should  be  made  to  read  as  follows: 

''C  2.  Tlie  objort  of  tlio  iSociety  is  to  promote  the  arts  and  sciences  con- 
nected vvitli  engincerinii;  and  mechanical  construction.  The  principal  means 
for  tliis  purpose  sliall  bo  the  creation  of  sections  in  such  centres  where  a  demand 
for  tliem  may  arise;    the  holding  of  meetings  of  the  Society  and  its  sections, 
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for  the  reading  and  discussion  of  professional  papers,  and  for  social  intercourse; 
the  publication  and  distribution  of  its  papers  for  discussion,  and  the  maintenance 
of  an  engineering  library." 

The  Chairman  of  tho  Committee  opposed  the  suggested  change. 

At  the  conclusion  of  the  debate  on  this  question  the  President 
put  Mr.  Henning's  motion  to  amend;  and  it  was  lost. 

Mr.  Miller  presented  the  following: 

Mr.  Fred  J,  Miller, — In  regard  to  paragraph  "  C  12  "  it  reads: 

"  The  rights  and  privileges  of  every  member  shall  be  personal 
to  himself,  and  shall  not  be  transferred  or  transmissible  by  his 
own  acts  or  by  the  operation  of  law." 

Now,  it  is  exj^lained  by  tho  Committee,  in  the  first  draft  sent 
out,  that  this  is  a  new  article  from  a  kindred  society  which  em- 
phasizes the  fact  that  this  is  not  a  business  Society,  etc.  I  wish 
to  ask  if  the  Committee  has  assured  itself  that  this  does  not 
really  mean  more  than  that?  It  says  that  no  member  by  his 
own  act  may  transfer  any  right  Avhich  he  possesses  in  the  Society 
to  any  other  member.  That  would  apply  to  voting,  and,  if  so, 
that  is  contrary  to  the  law,  because  a  member  has  a  right  to 
transfer  his  right  to  vote  to  any  other  member  by  giving  him 
a  proxy  for  that  purpose.  In  after  years,  perhaps,  after  the 
events  which  have  recently  taken  place  in  connection  with  this 
Society's  affairs  have  passed  out  of  men's  minds,  they  may,  in 
reading  this  over,  conclude  that  they  have  no  right  to  do  things 
which  as  a  matter  of  fact  they  have  a  right  to  do;  they  may  not 
know  that  the  law  under  Avhicli  this  Society  is  organized  gives 
the  right  to  every  member  of  the  Society  to  have  his  vote  re- 
corded on  every  question  by  means  of  a  proxy,  if  he  so  desires. 

Mr.  Hunt, — That  is  covered  in  ^'C  7,"  Avhicli  reads,  ''Hon- 
orary members,  members  and  associates,  are  entitled  to  vote  on 
all  questions  before  any  meeting  of  the  Society,  in  person  or  by 
a  proxy  given  to  a  voting  memlxjr.  A  proxy  shall  not  be  valid 
for  a  greater  time  than  six  months."  The  other  section  men- 
tioned is  to  prevent  a  claim  on  the  assets  of  the  Society  either 
by  the  heirs  of  members,  or  by  those  Avho  have  been  expelled 
from  the  Society.  It  has  been  found  useful  in  another  engineer- 
ing society.  The  Committee  inserted  this  section  so  as  to  have 
the  members  feel  that  it  was  a  membersliii)  and  not  a  business 
association. 

The  President  then  ])ut  tlii^  ((uestion  on  the  adoption  of  Mr. 
Hunt's  resolutions,  whicli  was  carried. 
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Mr.  Arthur  M.  Waitt  moved  that  the  Society  tender  a  vote 
of  thanks  to  the  Committee  for  the  very  able  work  which  they 
had  done  in  connection  with  the  matter  referred  to  them. 

The  Secretary  read  the  following  letter  from  Mr.  H.  R. 
Towne,  w^ho  had  at  one  time  been  a  member  of  the  Committee 
and  had  taken  part  in  some  of  its  early  work. 

New  York,  June  17,  1903. 
Prof.  F.  11.  IIutton, 

*  Sec'y.  A.  S.  M.  E., 

12  West  31st  St.,  X.  Y. 
Dear  Sir: — At  the  proper  time,  durin<j:  tlie  discussion  on  the  report  of  Mr. 
Hunt's  committee  on  the  revision  of  the  Rules,  I  will  thank  you  to  introduce 
and  place  on  record  this  l)rief  expression  of  my  opinion  of  the  quality  and  value 
of  the  work  of  the  connnittce. 

Having  long  taken  an  interest  in  the  subject,  and  having  assisted  the  com- 
mittee during  the  early  stage  of  its  work,  1  am  in  position  to  appreciate  the  vast 
amount  of  careful  and  int<^Higent  study  which  the  committee  has  devoted  to 
its  work,  the  outcome  of  which,  when  ratified  by  the  membership,  will  give  us 
a  better  Constitution  and  Hy-laws  than  those  of  any  other  Engineering  Society 
of  which  I  have  knowle(.lge. 

I  congratulate  the  connnittce  on  tlie  completion  of  its  laliors,  and  the  Society 
upon  the  improvement  in  the  conduct  of  its  affairs  which  will  surely  result 
under  a  plan  of  organization  and  of  business  which  has  been  so  carefully  con- 
sidered and  so  well  devised. 

Yours   very   truly,  - 

Henry  R.  Towne. 

The  President  tlien  culled  upon  Prof.  11.  AV.  Spangler  to  pre- 
sent a  report  from  tlie  Committee  wliicli  has  been  appointed  to 
consider  and  report  upon  desi liable  specilications  for  boiler  plate, 
steel  forgings  and  steel  castings.  The  report  of  this  Committee 
and  the  debate  on  some  of  its  recommendations  appear  as  an 
appendix  to  these  minutes.  (Xo.  970,  A])pendix  4.)  The  Com- 
mittee re(|uested  that  it  might  have  the  benefit  of  any  opinion 
upon  its  tentative  report. 

On  motion  of  the  Chairman  the  meeting  a])proved  the  request 
that  it  should  be  sent  to  the  members  for  discussion  and  com- 
ment, which  was  duly  carried. 

The  President  then  read  the  following  communication: 

Philadelphia,  J^tne  19,  1903. 
To  THE  American  Society  of  Mechanical  Exgin'eers: 

Gentlemen:  —The  Pennsylvania  Kailroad  System  has  arrantred  with  the  Uni- 
versal I^.xposition  of  1904,  at  St.  Louis,  to  install  as  a  portion  of  its  exhibit  in 
the  Department  of  Transportation,  a  Locomotive  Laboratory,  to  be  built  upon 
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the  most  approved  designs,  and  to  be  operated  during  tlic  seven  months  of  the 
Exposition  for  testing  locomotives. 

The  entire  exhibit,  including  the  locomotive  laboratory,  will  be  in  charge 
of  Mr.  F.  D.  Casanave,  Special  Agent,  who  is  authorized  to  act  for  the  Pennsyl- 
vania Railroad  System  in  all  matters  pertaining  thereto. 

It  is  the  desire  of  the  Pennsylvania  Railroad  System,  as  well  as  of  the  Ex- 
position, that  the  series  of  tests  to  be  conducted  shall  be  upon  the  highest 
scientific  basis,  and  the  effort  will  be  made  to  obtain  results  which  will  be  of 
permanent  value.  The  details  of  the  plan  have  not  yet  been  fully  perfected, 
but  it  is  expected  that  a  large  number  of  the  most  recent  designs  of  American 
and  European  locomotives  will  be  carefully  and  thoroughly  tested. 

In  order  that  the  best  results  possible  may  be  attained,  it  has  been  decided 
to  ask  your  honorable  body,  and  the  American  Railway  Master  Mechanics' 
Association  each  to  appoint  an  advisory  connnittee  of  three  members.  The 
Pennsylvania  Railroad  System  will  provide  all  necessary  apparatus  and  the 
force  of  engineers  necessary  to  conduct  the  tests.  It  is  desired  that  the  ad- 
visory committee  shall  assist  in  laying  out  the  programme  of  tests  and  in  making 
the  plans  that  are  necessary  to  secure  the  most  important  and  most  reliable 
results.  You  are  requested  to  appoint  such  a  committee,  and  to  select  men 
who  will  be  willing  and  able  to  give  the  necessary  time  and  study  to  tlie  subject. 
It  is  important  that  the  plans  sliould  be  effected  at  tlie  earliest  date  possil^le 
in  order  to  secure  the  hearty  and  full  co-operation  of  the  railroad  companies 
and  the  locomotive  builders,  both  in  this  country  and  in  Europe. 

It  is  our  intention  to  ask  the  General  Commissioners  of  the  principal  Eu- 
ropean countries  to  appoint,  eacli,  a  mechanical  engineer  of  higli  standing  to 
represent  those  countries  on  tlie  advisory  committee. 
Yours  sincerely, 
For  the  Pennsylvania  Railroad  System: 

J.    J.    TuHNEii,    Third    Vice-President 
Theo.    N.    Ely,    Chief  of   Motive   Poirer. 
For  the  Universal  Exposition,  1904,  St.  I.ouis: 

WiLLARD  H.  Smith,  Chief,  Department  of 

Transportation  Kxh ihits. 

On  motion  the  Society  voted  that  such  an  ^"advisory  commit- 
tee" be  appointed  by  tlie  President  in  pursuance  of  the  request 
in  the  communication.  The  President  subsecjuently  ap])ointed 
Prof.  "W.  F.  M.  Goss,  J.  E.  Sague,  and  E.  ]\r.  llerr  such  a 
committee. 

The  President  then  asked  for  any  otlier  general  business, 
motions  or  resolutions,  and  none  being  presented  the  professicmal 
papers  were  taken  up  as  folh)\vs:  ''Turl.)ine  Flow  Jiecorder," 
by  Charles  M.  Alh^n;  ''S(^me  Data  on  Hoisting  Hooks,-'  by 
John  L.  Bacon;  "  Strains  Produced  by  tlie  Excessive  Tightening 
of  Nuts,"  by  A..  Bement;  '*  An  Indicating  Anglemeter,"  b}^ 
C.  E.  Sargent;  ^Mlecent  Pratrticc^  in  Forcing,  Shrinking,  Driv- 
ing and  Kunning  Fits  and  Limits  for  Limit  (lauges,"  by  Stanley 
.     56 
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II.  Moore.  Messrs.  F.  A.  Waldron,  Gus.  C.  Henning,  A.  E. 
Johnson,  Oberlin  Smith,  J.  McGeorge,  Fred  J.  Miller,  Crane, 
N.  Sanders,  J.  M.  Sweeney,  C.  B.  Calder  participated  in  the  dis- 
cussion of  these  papers. 

Third  Session.     Wednesday,  2.30  p.m. 

The  papers  for  this  session  were  as  follows:  '^The  Machine 
Shop  Problem,"  by  Charles  Day;  ''  Graphical  Daily  Balance  in 
Manufacture,"  by  II.  L.  Gantt;  "  Shop  Management,"  by  Fred 
W.  Taylor;  '^The  Steam  Turbine  from  an  Operating  Stand- 
point," by  F.  A.  Waldron.  Tlio  discussion  was  participated  in 
by  Messrs.  Taylor,  Kent,  Gantt,  Calder,  H.  B.  Ayers,  Halsey, 
McGeorge,  Mr.  Peck  (Schenectady),  H.  R.  Towne,  DuBrul, 
J.  T.  Hawkins,  II.  Emerson,  Oberlin  Smith,  J.  B.  Blood,  II.  M. 
Lane,  F.  V.  Ilenshaw,  Gus.  C.  Henning,  S.  S.  Webber,  Pomeroy, 
A.  M.  Mattice,  W.  L.  R.  Emmett,  C.  V.  Kerr. 

On  the  evening  of  Wednesday  a  most  entertaining  programme 
had  been  arranged  by  the  Local  Committee  for  the  pleasure  of 
its  guests.  The  ^*  Jest  and  Song  Club"  of  Schenectady,  an 
organization  made  up  principally  from  the  young  technical 
graduates  bearing  some  relation  to  the  works  of  the  General 
Electric  Company,  had  constituted  itself  a  minstrel  show  with 
four  end  men  at  each  end,  with  the  historic  bones  and  tam- 
bourines. The  entertainment  consisted  of  songs,  choruses,  a 
banjo  solo,  and  a  most  enjoj'^able  sleight-of-hand  j>erformance, 
interspersed  Avitli  stories,  whicli  had  nearly  all  of  them  an  aspect 
of  what  are  known  as  ''  grinds  "  upon  members  of  the  Society. 
It  would  be  aside  from  the  purpose  of  this  formal  record  to  re- 
])eat  these,  but  they  will  not  soon  be  forgotten  by  those  who 
had  the  pleasure  of  listening  to  them.  The  entertainment  will 
be  one  of  the  most  pleasant  memories  which  the  visitors  will  take 
away  from  tlie  Saratoga  Meeting. 

ForRTH  Skssion.     Tiuksdav,  Jink  SiVni,  0.30  a.m. 

Professional  pai)ers  were  taken  up  as  follows:  "  Exi>erimental 
Boiler  of  Oliio  State  Universitv^"  by  E.  A.  Hitchcock;  ''  Curves 
of  Water  (i'onsumption  for  Various  Horse-Powers  of  Several 
Engines,"  by  D.  S.  Jacobus;  ''Drawing  Office  Equipment," 
by  John  McGeorge;  ''Bursting  of  Emery  Wheels,"  by  C.  II. 
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Benjamin,  and  ^'Topical  Discussion  and  Notes  of  Experience." 
Messrs.  Allan  Sterling,  A.  Bement,  K.  S.  Hale,  A.  A.  Carv, 
J.  McGeorgo,  William  Kent,  G.  I.  Rockwood,  C.  V.  Kerr,  J.  S. 
Coon,  I.  H.  Reynolds,  F.  R.  Low,  J.  II.  Parker,  J.  Calder, 
F.  W.  Dean,  E.  II.  Whitlock,  F.  A.  Waldrou,  II.  A.  Richmond, 
Cole,  E.  H.  Neflf,  L.  P.  Breckenridge,  F.  V.  Henshaw  participated 
in  the  discassion  on  these  various  subjects. 

On  the  afternoon  of  Thursday  the  members  were  given  oj^por- 
tnnity  to  elect  several  alternative  excursions.  The  larger  num- 
bers chose  either  the  visit  to  Troy  and  Watervliet,  or  to  the 
Spiers  Falls  plant  of  the  Hudson  River  Power  Company.  The 
complete  list  of  alternatives  is  as  follows: 

1.  Mechanicville,  Duncan  Paper  Mill  and  Hudson  River  Power  Co.  Station. 

2.  Watervliet  Arsenal  and  Cluett,  Pcabody  &  Co.  Factory  at  Troy. 

3.  Albany  Filtration  Plant. 

4.  Albany  Capitol,  City  Hall  and  Park. 
Leave  by  trolley  for 

5.  Spiers  Falls,  New  Power  Plant  of  Hudson  River  Pow^er  Co. 
Leave  by  D.  &  H.  R.  R.  for 

6.  Sandy  Hill  to  visit  the  new  Sulphite  Mill  in  the  Union  Rag  &  Paper  Co's. 
Plant. 

In  the  evening  the  Ix)cal  Committee  arranged  for  tlie  recep- 
tion to  its  visitors,  in  the  ball-room  of  the  United  States  Hotel. 
The  Chairman  of  the  Local  Committee,  and  the  President  of  the 
Society  received  the  members  as  they  entered  tlie  room,  and  the 
orchestra  played  for  dancing  after  the  collation. 

Fifth  Session.     Friday,  Junk  25x11. 

In  the  morning  the  members  of  the  Society  were  made  the 
guests  of  the  American  Locomotive  (Company,  and  were  taken 
by  special  train  to  the  yards  of  that  company  at  Sclienocta(l\\ 
where  they  were  escorted  through  the  plant  under  tlie  guidance 
of  the  representatives  of  the  company.  Assembling  at  the 
charming  grounds  of  the  Mohawk  (lolf  Club,  just  outside  of  the 
city  limits,  the  members  and  their  ladies  Avere  entertained  at 
luncheon  and  the  gentlemen  adjourned  to  the  session,  which  was 
held  in  the  chapel  of  Union  Colh^ge.  The  meml>ers  were  wel- 
comed by  Prof.  O.  II.  Landreth,  member  of  the  Society,  in  tlio 
absence  of  President  A.  Y.  Y.  liaymond,  wlio  specially  invited 
the  members  to  enjoy  the  stroll  througli  the  old  college  grounds 
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if  time  permitted  at  the  close  of  the  session.  The  President  of 
the  Society  in  fitting  words  replied  to  the  welcome,  and  called 
for  the  professional  papers  allotted  to  this  meeting. 

The  paper  by  Mr.  John  Riddell,  descripti\re  of  the  sixty-foot 
boring  mill  at  the  General  Electric  Company,  was  read  by  the 
Secretary,  and  the  paper  of  Mr.  Walter  I.  Slichter  on  "  Alter- 
nating Current  Motors  for  Variable  Speeds"  was  read  by  the 
author.  Mr.  George  W.  CoUes  presented  written  discussion 
which  was  read  by  the  Secretary,  but  the  other  participants  in 
debate  who  had  expressed  their  purpose  to  take  part  were  not 
in  the  room.  The  final  paper  was  by  Mr.  A.  H.  Eldredge  on 
''  Positive  Governor  Drives  for  Corliss  Engines,"  which  was  dis- 
cussed by  Messrs.  Gary  and  McGeorge. 

The  President  took  occasion  at  this  session. to  announce  under 
the  provisions  of  Article  31  of  the  Rules,  the  constitution  of  the 
Nominating  Committee,  who  should  present  nominations  for 
ofiicers  of  the  Society,  to  be  elected  in  advance  of  the  annual 
meeting  in  December.     He  announced  as  the  selected  committee, 

Messrs.  Jesse  M.  Smith,  of  New  York, 
F.  W.  Taylor,  of  Philadelphia, 
Alex.  Dow,  of  Detroit, 
Walter  McF'arland,  of  Pittsbiircc, 
James  B.  Stan  wood,  of  Cincinnati. 

Before  adjournment  the  Society  expressed  its  thanks  to  Union 
College  for  the  courtesy  extended  of  the  use  of  the  chapel  for 
this  session. 

The  Secretary  made  l)rief  reference  to  the  heroic  death  of  Mr. 
Edward  Grafstrom,  member  of  tlie  Society,  who  had  lost  his 
life  in  the  attempt  to  save  the  lives  of  others  during  the  great 
Mississippi  flood  at  Topeka,  Kansas,  in  which  city  he  was  located 
as  mechanical  engineer  of  the  Atcliison,  Topeka  &  Santa  F6 
Eailroad.  On  motion  of  Mr.  Ilenning,  the  Society  directed  that 
a  suitable  minute  should  be  incorporated  into  the  ■memorial 
notices  of  the  year  concerning  the  circumstances  of  Mr.  Graf- 
strom's  death. 

The  meeting  then  adjourned  to  be  conveyed  in  trolley  cars  pro- 
vided by  the  Local  Committee,  for  a  visit  at  the  works  of  the 
General  Electric  Company  in  Schenectady,  after  which  the  train 
met  the  party  in  the  yard,  and  conveyed  it  back  to  Saratoga. 
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Closing  Session.     Fkiday,  June  2GTn,  8.30  p.m. 

The  closing  session  of  the  convention  was  held  in  the  evening 
on  the  return  from  the  Schenectady  excursion.  Professional 
pai)ers  were  as  follows:  ''Tests  of  a  12-IIorse-Power  Gas  En- 
gine," by  C.  II.  Eobertson;  "  Performance  of  an  Internal  Com- 
bustion Engine  Using  Kerosene  as  Fuel,"  by  II.  F.  Ilalladay 
and  Mr.  G.  O.  Hodge;  '"A  irethod  of  Testing  Gas-Engines,'' 
by  E.  C.  Oliver:  ''Hot  Well  as  an  Oil  Extractor,"  by  A.  H. 
Eldredge;  ^'Comparative  Oil  Tests,"  by  W.  F.  Parish ;*^  ''Tests 
of  an  Eight  Foot  Fan  Blower,"  by  E,  S.  Farwell.  The  only 
discussion  was  by  F.  R.  Iluttoii  and  A.  A.  Cary. 

At  the  close  of  the  docket  of  i)apei»s,  motions  and  resolutions 
were  in  order,  and  as  a  matter  of  form  and  compliance  with  the 
rules  an  opportunity  was  given  at  this  point  to  discuss  the  pro- 
j)osed  amendments  as  recjuired  in  Article  45.  Xo  one  availing 
himself  of  this  opportunity,  the  Secretary  presented  the  follow- 
ing resolutions  on  behalf  of  a  committee  appointed  to  draft  them. 

The  American  Society  of  MLM*hanic:il  En<?ineor.s  has  l)eoii  put  under  ^eat 
oI>lij;ation  by  the  courtesies  whicli  it  has  enjoyed  at  tlie  liands  of  its  liosts  during 
its  Saratoga  Convention. 

The  Society  takes  tliis  way  of  expressing  its  tlianks  and  recognition  to  these 
liosts  for  their  generous  int<Mition,  and  for  the  successful  carrying  out  of  the 
entertainments  during  tlie  stay  of  the  visiting  nienihers. 

1.  Resohedf  Tliat  the  Aini'rican  Sot-ioty  of  M(»chanical  Kiigineers  extends  to 
the  American  Locomotive  Company,  of  Schenectady,  its  sincere  tlianks  for  the 
courtesy  which  has  made  the  So<i(*ty  the  guests  of  th(^  Locomotive  Company 
during  the  Schenectady  trip  on  Friday.  They  would  express  tlieir  pleasure  in 
the  visit  of  inspection  to  the  .^hops,  and  in  the  attention  which  surrounded  the 
visitors  during  the  entire  day. 

2.  Resolredf  That  the  Society  (»xtends  its  thanks  to  the  (leneral  Mlectric 
Company  for  the  invitation  to  visit  its  extensive  works  at  Sclienectady,  and 
for  the  courtesies  which  wen»  enjoyed  during  that  visit.  It  would  express 
its  pleasure  in  the  opportunity  of  M'cinir  the  scale  on  which  modern  electrical 
machinery  is  built  to  meet  the  in<lu>trial  denian<ls  which  the  mechanical  <mi- 
gineer  has  created,  and  its  interest  in  seeing  the  special  machinery  which  has 
been  so  developed  to  meet   these  n<'W  wants. 

«3.  Resolredf  That  the  thanks  of  t\\v  Soci(»ty  are  due  to  the  Duncan  Paper 
Company  of  Mechanicville,  for  the  invitation  to  in<-hid(^  that  establishment 
in  the  list  of  excursions  planned  for  tlie  afternoon  of  Thursday. 

4.  The  Society  would  ask  that  Commandant  Shaler.  of  I  lie  Watervliet  Arsenal, 
would  accept  the  shicere  thanks  of  the  Socieiy  for  the  courte-^ies  enjoyed  at  his 
hand,  and  for  the  invitation  wliicli  he  secured  from  the  (Jeneral  Ordnance 
Officer,  that  the  Srwiety  shoukl  be  the  i,nie>ts  of  tlie  Arsenal,  and  of  its  Coin- 
niandaut  on  Thursday  afternoon.     It  woiiM  express  the  pleasure  of  the  visitors 
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that  they  should  have  had  an  opportunity  to  witness  the  operation  of  shrink- 
ing on  a  gun  sleeve,  and  for  the  privilege  of  seeing  the  machinery  and  operations 
of  the  Arsenal  so  completely,  and  under  such  courteous  guidance. 

5.  The  Society  would  ask  that  Messrs.  Cluett,  Peabody  &  Company,  of  Troy, 
would  accept  the  sincere  thanks  of  those  members  who  were  privileged  to  visit 
their  extensive  plant  and  see  the  manifold  operations  which  produce  the  results 
with  which  so  many  are  familiar.  It  is  true  that  fourteen  thousand  dozen  does 
not  express  to  most  visitors  an  intelligible  idea  of  numbers,  and  yet  the  mag- 
nitude of  the  establishment  and  the  strenuous  character  of  the  processes  which 
they  inspected  will  not  soon  be  forgotten. 

6.  Resolved,  That  the  thanks  of  the  Society  are  due  and  extended  to  the 
Union  Bag  &  Paper  Company,  of  Sandy  Hill,  for  the  invitation  to  include  their 
works  in  the  list  of  excursions  enjoyed  by  the  Society  during  the  Saratoga  Con- 
vention. 

7.  The  American  Society  of  Mechanical  Engineers  take  pleasure  in  recogniz- 
ing the  courtesy  which  it  has  enjoyed  from  the  faculty  and  trustees  of  the 
Union  College  in  Schenectady,  and  of  Dr.  A.  V.  V.  Raymond,  President  of  the 
College,  in  the  privilege  of  assembling  for  its  Schenectady  session  in  the  Chapel 
of  the  Union  College,  and  for  other  courtesies  during  its  visit  to  that  institu- 
tion of  learning. 

The  Mechanical  Engineers  are  always  prompt  to  recognize  the  close  bond 
existing  between  its  work  and  that  of  the  educators,  and  to  express  the  obli- 
gation which  the  practitioners  of  engineering  owe  to  the  earnestness  and  faith- 
fulness of  the  teacher. 

8.  To  Messrs.  Baker  <fe  Shevlin,  of  Saratoga,  the  thanks  of  the  Society  are  due 
for  the  courtesy  of  the  invitation  to  visit  their  works  and  to  study  the  inter- 
esting character  of  tlieir  shop  equipment. 

9.  Resolved,  Tluit  the  American  Society  of  Mechanical  Engineers  desires  to 
record  its  special  thanks  and  recognition  to  the  Hudson  River  Power  Company, 
and  its  capable  and  energetic  President,  Mr.  E.  A.  Ashley,  for  the  courtesies 
enjoyed  at  their  hands  on  the  occa.sion  of  the  visit  to  the  plant  of  that  Company 
during  the  Saratoga  convention. 

The  ladios  in  particular  would  ask  that  Mrs.  Ashley  would  feel  assured  of  the 
appreciation  wliicli  they  have  felt  for  the  interest  which  she  took  in  their  vbit. 

10.  One  of  the  plea^santest  memories  which  the  guests  at  Saratoga  will  carry 
away  witli  tlieni,  and  which  will  irradiate  tlieir  glances  as  they  look  backward, 
will  be  that  of  tlie  entertainment  of  the  "Jest  and  Song  Club,"  of  Schenectady, 
on  Wednesday  evening.  Tlie  temperance  lecture  embodied  in  the  study  of 
"A  loss  of  licad  due  to  flow  of  liquids  througli  an  oral  orifice;  the  memory  of 
double  barrelled  politeness;  of  visits  to  Europe  in  the  interest  of  the  metric 
system;  interwoven  with  most  enjoyable  music;  and  the  achievement  of  the 
other  artists  will  not  soon  be  forgotten. 

11.  The  ladies  of  tlie  Society  under  its  precedents  do  not  have  a  voice  in  its 
public  meetings  and  official  acts.  It  must  be  left,  therefore,  for  those  who  rep- 
resent tlicni,  and  who  have  been  alleged  in  such  formal  acts  as  these  to  embrace 
tlic  ladies  to  put  on  record  on  their  behalf  the  thanks  which  should  be  trans- 
mitted to  the  ladies  of  the  local  committee  of  residents  for  their  arrangements 
for  tlie  pleasure  of  the  ladies  upon  the  drives  and  excursions  of  the  stay  of  the 
engineers  in  Saratoga.  These  drives  and  trips  have  been  most  thoroughly  en- 
joyed in  spite  of  the  threatening  and  forbidding  weather,  and  the  Society  asks 
that  in  this  clumsy  way  it  may  try  to  voice  the  thanks  of  the  visitors. 


SARATOGA   MEETING.  869 

12.  The  American  Society  of  Mechanical  Engineers,  in  a  long  vista  of  suc- 
cessful meetings,  is  not  likely  soon  to  forget  the  delightful  atmosphere  which 
has  pervaded  the  sessions  of  its  XLVIIth  meeting.  It  is  to  the  local  com- 
mittee of  resident  members  tliat  the  success  of  a  meeting  in  its  non-technical 
side  must  always  be  mainly  due. 

13.  The  Society  asks  that  Mr.  A.  L.  Rohrer,  Mr.  H.  G.  Reist,  Secretary,  and 
those  who  have  acted  as  Chairmen  of  the  Sub-Committees  of  their  organiza- 
tions, will  accept  the  .sincere  thanks  of  the  visitors  for  the  admirable  progranmie 
prepared  with  so  much  care  in  advance  of  the  meeting,  and  for  the  effective 
and  energetic  measures  taken  to  carry  out  the  provisions  and  arrangements  of 
the  meeting. 

The  Society  would  ask  that  tlirough  the  Committee  they  may  be  able  to  reach 
all  those  individuals,  firms  and  organizations  which  have  placed  the  Society 
in  its  debt,  and  would  ask  that  the  local  committee  will  carrj'  in  their  memories 
this  expression  of  heartfelt  recognition  for  one  of  the  most  enjoyable  meetings 
in  the  history  of  the  Society. 

14.  Resolved,  That  a  copy  of  these  resolutions  be  furnished  to  the  Daily  Sara- 
iogian. 

At  the  close  of  the  reading  of  these  resolutions,  which  were 
unanimously  adopted,  the  President  asked  for  any  further  busi- 
ness, and  none  being  presented  he  asked  the  Society  to  accept 
his  sincere  thanks  for  the  kindly  way  in  which  it  had  treated 
him  daring  the  sessions,  and  announced  the  meeting  adjourned. 

The  register  showed  that  during  the  four  days  of  the  meeting 
there  were  315  members  in  attendance. 
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No.  ore.* 

THE  CARNEGIE  GIFT  TO  ENGINEERING. 


The  Council  takes  great  pleasure  in  announcing  officially  to 
the  members  of  The  American  Society  of  Mechanical  Engineers, 
that  Mr.  Andrew  Carnegie,  a  member  of  the  Society,  has  pre- 
sented to  the  profession  of  Engineering  a  notable  gift.  His  let- 
ter of  presentation  is  as  follows: 

''  2  East  OIst  Street, 
*'  New  York,  February  14Tn,  1903. 

"  Gentlemen  of  the  American  Society  of  Civil  Engineers, 

American  Society  of  Mechanical  Engineers, 
American  Institute  of  Mining  Engineers, 
American  Institute  of  Electrical  Engineers, 
and  The  Engineers'  Club. 

It  will  give  me  great  pleasure  to  give,  say,  one  million  dollars 
to  erect  a  suitable  Union  Building  for  you  all,  as  the  same  may 
be  needed. 

''  With  best  wishes, 

''  Truly  yours, 
''  (Signed)  '^  Andrew  Carnegie." 

It  is  the  purpose  of  this  munificent  donation  to  bring  the 
libraries,  assembly  halls,  offices  and  meeting  rooms  of  the  vari- 
ous organizations  which  shall  enter  into  this  enterprise  into  one 
great  building,  specifically  devoted  to  engineering,  ample  in 
size  for  individual  privacy  and  at  the  same  time  arranged  defin- 
itely for  their  convenient  business  and  professional  uses.  The 
building  will,  in  addition,  provide  a  meeting  place,  both  suitable 
and  adequate,  for  such  technical,  scientific,  and  engineering 
bodies  as  may  desire  the  use  of  a  properly  equipped  auditorium, 
together  with  accommodations  for  their  offices,  if  such  shaU  be 
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needed.  It  has  been  particularly  the  wish  of  Mr.  Carnegie,  as 
with  many  others  interested  in  engineering,  that  the  profession 
should  be  brought  nearer  together,  both  as  professional  men 
and  as  individuals,  and  on  the  social  as  well  as  on  the  technical 
or  scientific  side.  The  social  function  of  the  Engineers'  Club 
seemed  a  happily  chosen  agency  for  this  end,  and  it  has  been 
utilized  by  including  this  body  in  the  benefits  planned  by  Mr. 
Carnegie.  The  form  of  the  provisions  for  organization  and  con- 
trol, which  have  been  embodied  in  the  resolutions  which  have 
been  acted  on  by  the  Council,  make  this  conception  still  more 
evident. 

The  societies  named  in  the  letter  of  Mr.  Carnegie  wiU  be  the 
property-holding  body,  but  of  course  this  is  with  full  intention 
that  by  lease  or  other  arrangement  the  building  shall  provide 
the  necessary  accommodation  for  other  organizations  of  kindred 
aim,  which  may  properly  attach  themselves  to  such  an  engi- 
neering center.  A  building  of  a  frontage  of  125  feet  and  with 
a  height  of  ten  stories,  devoted  to  the  advancement  of  engineer- 
ing, will  be  in  itself  a  monument  to  engineering,  in  which  the 
profession  may  well  feel  a  pride. 

It  should  be  carefully  observed  that  each  society  is  to  preserve 
its  own  control  of  its  own  affairs  just  as  much  as  if  each  body 
was  in  an  isolated  building.  The  management  of  the  Engineers' 
Club  is  entirely  separate  from  that  of  the  engineering  societies, 
so  that  the  latter  are  entirely  free  from  any  responsibility  finan- 
cial or  otherwise  Aviiich  may  arise  in  the  management  of  the 
club.  There  is  no  purpose  at  present  to  interchange  member- 
ship privileges.  The  financial  interest  which  each  society  will 
assume  in  the  undertaking,  will  be  rei)resented  either  in  the 
fonn  of  bonds  bearing  interest,  which  will  be  issued  by  a 
real  estate-holding  corj)oration,  or  in  some  other  form  which 
shall  be  satisfactory  to  the  joint  committee  representing  the 
societies. 

As  the  ofiicers  of  the  societies  named  in  the  gift  could  not  act 
until  duly  authorized  by  their  respective  governing  ])odies,  Mr. 
Carnegie  authorized  his  representative,  Mr.  K.  A.  Franks,  in 
the  following  letter,  to  advance  at  once  the  sum  necessary  to 
purchase  options  u[)()n  desirable  propc^rty,  abutting  on  the  lots 
on  40tli  Street,  which  were  already  owned  by  the  Engineers' 
Club.  This  abutting  pr()i)erty  was  found  on  the  north  side  of 
39th  Street,  Nos.  2:3,  25,  27,  2'J,  :J1  West  3Uth  Street.     Mr. 
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Franks'  letter  was  to  the  chairman  of  a  sub-committee  appointed 
informally  by  representatives  of  the  various  societies,  and  is  as 
follows: 

''  HoBOKEN,  N.  J.,  May  13,  1903. 

'^  Dear  Mr.  Kafer:  I  have  yours  of  the  11th  instant,  and  in 
reply  would  say  that  Mr.  Carnegie  has  authorized  me  to  pay 
for  options  on  property  for  new  Engineering  Building,  also  to 
furnish  the  funds  lor  the  purchase  of  property  to  be  used  for^ 
site  for  the  building.  I  am  therefore  in  position  to  pay  the 
amount  required  to  hold  the  property  referred  to  in  your  letter, 
and  to  pay  for  the  lots  if  they  be  secured. 

''  Yours  very  truly, 

^^  (Signed)    K.A.Franks." 

It  was  apparent  that  this  matter  had  to  be  consummated  be- 
fore the  proposition  became  a  matter  of  public  information.  The 
sub-committee  took  up  the  matter  at  once,  and  the  options  were 
secured  in  a  few  days  at  satisfactory  prices,  Mr.  Franks  advanc- 
ing for  this  purpose  fifty  thousand  dollars. 

The  accompanying  sketch  map  shows  the  general  scheme  of 
the  enterprise.  The  plot  on  40th  Street  owned  by  the  Engineers' 
Club  has  a  frontage  of  50  feet  and  a  depth  of  100.  The  plot  on 
39th  Street  has  a  frontage  of  125  feet  witli  a  depth  of  100  feet. 
The  combined  area  of  the  two  holdings  is  17,500  square  feet. 
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It  will  be  apparent  on  inspection  that  this  location  is  one  of 
the  most  eligible  ones  in  the  City  of  New  York.  The  New 
York  Public  Library  building  occupies  the  entire  eastern  front- 
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age  of  the  block  between  40th  and  42tl  Street  on  Fifth  Avenue, 
while  to  the  westward  of  it  is  the  open  square  known  as  Bryant 
Park.  It  will  be  conveniently  accessible  from  the  terminals  of 
the  New  York,  New  Haven  and  Hartford  Kail  road,  and  the 
New  York  Central  and  Hudson  Eiver  Railroad  at  42d  Street,  at 
Park  and  Madison  Avenues,  and  from  the  Pennsylvania  terminal 
coming  in  from  the  west,  at  33d  Street  and  Seventh  Avenue. 
The  elevated  railway,  on  Sixth  Avenue  has  a  station  at  42d 
Street  and  the  Third  Avenue  elevated  at  42d  Street  and  Park 
Avenue.  The  junction  of  the  Rapid  Transit  underground  lines 
at  43d  Street  and  Broadway  makes  this  an  important  express 
station  both  from  down  town  and  from  the  north.  Convenient 
surface  lines  both  up  and  down  town  and  cross  town  intersect 
at  42d  Street.  The  hotel  district  of  the  city  is  centering  around 
this  particular  region. 

After  the  options  on  the  land  have  been  secured  by  its  sub- 
committee, the  presidents  of  the  societies  named  in  the  letter  of 
gift  met  on  April  30th  for  conference,  and  issued  to  tlie  govern- 
ing bodies  of  the  participant  societies  an  official  communicjition 
in  pamphlet  form  containing  Mr.  C-arnegie's  IcTtter  and  a  pro- 
posed draft  of  resolutions  whereby  the  accej)tance  of  the  gift 
might  be  realized.  Pursuant  to  tliis  call  tlio  Council  of  the 
American  Society  of  Mechanical  Engineers  met  on  Thursday, 
May  7,  1903,  with  an  unusually  large  attendance  of  seventeen 
members,  and  by  unanimous  vote  the  resolutions  were  passed, 
and  were  again  confinned  and  elaborated  by  resolutions  passed 
at  a  second  meeting  of  the  Council  held  on  May  27,  1003.  The 
resolution  of  the  Council  under  which  the  Society  accepts  the 
gift  of  Mr.  Carnegie  and  assumes  its  share  in  the  management 
of  the  great  trust  which  he  has  created  for  tlie  advancement  of 
the  profession  of  engineering,  and  to  secure  the  recognition  botli 
in  the  community  and  in  the  world  at  large  whicli  sliould  attach 
to  engineering  in  its  broad  acceptation,  took  the  following  form: 

Resol/oedj  That  the  American  Society  of  Mechanical  Engineers 
shall  unite  with  The  American  Society  (jf  Civil  Engineers,  the 
American  Institute  of  Electrical  Engin<»ers,  Tlie  American  Insti- 
tute of  Mining  Engineers,  and  Th(>  Enginet^rs'  Club,  or  any  of 
them,  for  the  purpose  of  accepting  the  sum  of  ono  million  doHars 
as  a  ffift  from  Mr.  Andrew  Carn('gi(\  iov  Xho  j)iiri)<)se  of  erec'ting 
suitable  buildings  for  occupuncv  l>v  various  societies  of  engi- 
neers, and  the  Engineers'  Club,  on  the  sites  located  for  that  ])ur- 
pose  on  the  north  side  of  31ith  Street  and  south  side  of  40th 
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Street  west  of  Fifth  Avenue,  in  the  City  of  New  York,  in  the 
State  of  New  York. 

2.  A7id  resolved  furtlier^  That  the  American  Society  of  Me- 
chanical Engineers  has  a  very  high  appreciation  of  this  very 

fenerous  ffif t  of  Mr.  Andrew  Carnegie,  and  this  additional  evi- 
ence  of  his  recognition  of  the  engineering  profession  and  his 
deep  interest  in  the  welfare  of  the  national  societies  of  engineers 
and  the  Engineers'  Club. 

3.  And  resolved  further^  That  a  site  on  the  north  side  of  39th 
Street  shall  be  purchased  and  held  by  trustees  or  otherwise  as 
shall  be  determined  by  the  Joint  Committee  hereinafter  men- 
tioned, for  The  American  Society  of  Mechanical  Engineers, 
The  American  Society  of  Civil  Engineers,  The  American  Insti- 
tute of  Electrical  Engineers,  and  The  American  Institute  of 
Mining  Engineers,  or  by  such  of  them  as  shall  vote  in  favor  of 
coming  into  this  enterprise. 

4.  And  resolved  further^  That  a  Joint  Committee  shall  be 
created  to  be  composed  of  three  members  of  each  organization 
that  shall  unite  in  accepting  said  gift  of  one  million  dollars  from 
Mr.  Andrew  Carnegie;  and  that  tlie  governing  body  of  The 
American  Society  of  Mechanical  Engineers  shall  elect  three 
members  of  this  Society  to  represent  it  on  and  be  members  of 
such  Joint  Committee;  and  that  the  governing  body  of  The 
American  Society  of  Mechanical  Engineers  shall  have  the  right 
and  power  to  remove  any  member  of  such  Joint  Committee 
who  shall  bo  elected  by  it  and  to  elect  any  member  of  this 
Society  to  fill  any  vacancy  that  shall  occur  in  such  Joint  Com- 
mittee by  reason  of  the  death,  resignation,  or  refusal  to  act  or 
by  tlio  removal  of  any  member  who  shall  have  been  elected  by 
the  Council  of  this  Society  as  a  member  of  such  Joint  Committee. 

5.  And  resolved  further^  Tliat  the  character  and  internal 
arrangement  of  the  building  to  be  erected  on  site  on  39th  Street, 
shall  be  determined  upon  by  the  affirmative  vote  of  at  least  two- 
thirds  of  all  of  such  of  the  members  of  said  Joint  Committee  as 
shall  represent  all  of  tlie  or;u;anizations  other  than  the  Engineers' 
Chib  on  such  Joint  Committee;  and  that  the  character  and  in- 
tprnal  arrangement  of  the  club  building  to  be  erected  on  the  site 
on  40th  Street  sliall  be  determined  uj)on  by  the  affirmative  vote 
of  all  of  the  three  members  of  such  Joint  Committee  who  shall 
represent  the  Engineers'  Club  on  such  Joint  Committee;  and 
that  the  apj)ortionment  of  funds  between  the  two  buildings  shall 
be  determined  by  an  affirmative  vote  of  two-thirds  of  the  entire 
Joint  Committee. 

().  And  repair ed  further^  That  said  Joint  Committee  shall  by 
tlie  affirmative  vote  of  at  least  two-thirds  of  all  the  members 
ther(H)f,  select  and  employ  an  architect  and  such  Consulting  engi- 
neers as  may  be  necessary,  to  prepare  the  plans  and  specifica- 
tions for  the  building  to  he  erected  on  the  site  on  39tn  Street 
and  for  the  club  building  to  be  erected  on  the  site  on  40th 
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Street;  and  shall  also  obtain  proposals  for  the  erection  of  both 
of  such  buildings;  and  shall  have  power  to  make  and  enter  into 
such  contract  or  contracts  as  shall  be  approved  and  authorized 
by  the  afBrmative  vote  of  at  least  two-thirds  of  all  of  the  mem- 
bers of  said  Joint  Committee  for  the  erection  of  both  of  such 
buildings;  and  shall  have  charge  of  the  erection  of  both  of  such 
buildings. 

7.  And  resolved  further^  Tliat  said  Joint  Committee  shall 
continue  in  existence  until  all  of  the  purposes  set  forth  in  these 
resolutions  shall  have  been  fully  accomplished. 


It  will  be  recalled  by  the  older  members  of  the  Society,  that 
within  the  first  ten  years  of  its  history  a  movement  was  started 
in  which  members  of  the  Society  were  participant  to  secure  a 
joint  building  to  be  erected  as  an  investment,  and  which  should 
give  accommodation  to  the  libraries  and  executive  offices  of  this 
and  the  other  engineering  societies,  and  to  secure  the  advantages 
of  a  common  assembly  hall.  To  be  of  any  significance  in  accom- 
modating its  annual  meetings,  with  the  Society  of  its  present 
size,  the  auditorium  should  be  able  to  seat  over  600  persons. 

In  1890,  when  the  Society  secured  its  present  house  at  No.  12 
West  31st  Street,  a  move  in  this  same  direction  was  made  again, 
with  a  view  to  bringing  the  Institute  of  Mining  Engineers  and 
the  Institute  of  Electrical  Engineers  into  joint  occupancy  and 
common  use  of  library  and  assembly  hall.  The  Institute  of 
Electrical  Engineers  joined  in  the  undertaking  at  that  time,  and 
is  still  holding  its  meetings  in  the  auditorium  of  the  Society 
House. 

With  the  increasing  growth  of  the  Society,  and  the  unusual 
attendance  at  its  annual  meetings,  the  auditorium  has  already 
proved  inadequate,  and  the  growing  library  lias  been  for  some 
time  crowding  the  space  available  in  the  present  building.  Tins 
Society  has  therefore  felt  a  lively  interest  in  bringing  about 
some  result  which  should  secure  adequate  accommodations  for 
its  library  and  for  its  large  meetings.  There  seemed  reasons  of 
weight  why  it  was  neither  judicious  nor  desirable  for  tliis  So- 
ciety to  undertake  the  erection  of  a  house  for  its  exclusive  occu- 
pancy on  a  scale  which  should  furnish  the  floor  space  for  an 
adequate  auditorium  in  addition  to  its  library  and  offices. 

Upon  the  carrying  out  of  the  [)r()p()so(l  plan  the  present  Society 
house  at  No.  12  West  81st  Street  can  either  be  retained  and 
rented  to  a  suitable  tenant,  or  it  can  be  sold  on  advantageous 
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terms,  which  will  nearly  pay  the  share  of  the  Society  in  the  real . 
estate  holding  of  the  Society  in  the  39th  Street  site.     Bentals 
from  kindred  societies  for  the  use  of  offices  and  meeting  places 
in  the  new  building,  not  needed  by  the  owning  societies,  will 
reduce  interest  charges  on  the  land. 

It  is  the  desire  of  the  Council,  pursuant  to  the  foregoing  an- 
nouncement and  report,  that  at  the  approaching  meeting  of  the 
Society  in  general  session  the  members  should  take  appropriate 
action  outlining  the  position  which  they  deem  desirable  that 
the  Society  and  the- Council  shall  assume,  in  the  disposition  of 
its  real  estate  and  in  administering  the  great  trust  and  responsi- 
bility which  Mr.  Carnegie's  gift  has  imposed.     It  may  be  added 
that  the  Institute  of  Electrical  Engineers  and  the  Engineers' 
Club  have  already  taken  action  by  adopting  the  same  resolutions 
as  those  adopted  by  the  Council  of  this  Society,  and  have  ap- 
pointed their  members  of  the  Joint  Committee  so  that  the  accept- 
ance of  Mr.  Carnegie's  gift  is  already  assured.     The  Council  of 
this  Society  has  appointed  as  members  of  the  Joint  Committee 
provided  for  in  the  resolutions,  the  following  representatives: 
Mr.  James  M.  Dodge,  President, 
Mr.  Frederick  R.  Hutton,  Secretary, 
Mr.  Charles  Wallace  Hunt,  Past-President. 
The  American  Institute  of  Electrical  Engineers  has  appointed 
Mr.  Charles  F.  Scott,  President, 
Mr.  B.  J.  Arnold, 
Mr.  S.  S.  Wheeler. 
The  Engineers'  Club  has  appointed 

Mr.  John  Kafer,  President, 
Mr.  W.  A.  Redding,  Chairman  House  Committee, 
Mr.  W.  II.  Fletcher. 
The  American  Institute  of  Mining  Engineers  and  the  Amer- 
ican Society  of  Civil  Engineers  are  expected  to  take  favorable 
action  in  due  time. 
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APPENDIX. 

The  Council  has  thought  that  it  would  be  of  interest  to  the 
members  to  acid  in  an  appendix  the  opinions  of  representative 
writers  and  leaders  of  thought.  The  opinion  held  by  Mr.  John 
Fritz,  Past-President  and  Honorary  Member  of  this  Society,  has 
been  eloquently  set  forth  in  the  following  letter  prepared  at  the 
request  of  the  representative  committee  of  the  societies.  It  adds 
interest  to  this  letter  and  its  opinion  to  remind  engineers  that 
Mr.  Fritz  has  been  recently  honored  by  joint  action  of  the  four 
engineering  societies,  by  the  founding  of  a  medal  which  is  to 
bear  his  name,  and  which  is  to  signalize  achievement  in  one  of 
the  branches  of  encjineerinor  or  science. 

Mr.  Fritz's  letter  is  as  follows: 

''Bethlehem,  Pa.,  April  29,  1903. 

"  My  dear  Mr.  Scott:  Tours  of  the  25th  askinff  for  a  state- 
ment, on  general  lines,  expressing  my  views  regarding  the  pro- 
E3sed  project  of  housing  the  Civil,  Mining,  Mechanical  and 
lectrical  Engineers,  all  in  one  building,  is  at  hand.  This,  for 
me,  is  a  somewhat  difficult  task,  as  I  am  unaccustomed  to  either 
speaking  or  writing,  but  I  will  do  the  best  I  can  in  my  own 
way,  recognizing  that  a  defective  statement  is  much  less  humili- 
ating and  less  expensive  than  bad  engineering. 

**  The  object  of  our  meeting  to-night  is  not  new  to  me,  but  it 
is  most  interesting;  for  some  years  before  the  death  of  our 
lamented  HoUey,  he  and  I  had  many  talks  on  the  subject  that 
has  called  us  together. 

''  At  that  time,  the  most  we  hoped  to  accomplish  was  to  de- 
vise some  means  that  would  bring  the  engineering  societies  in 
closer  touch  with  each  other.  we  had  a  scheme  which  we 
thought  was  practicable,  and  would  at  least  in  a  measure  accom- 
plish the  puri>ose;  but  tliere  were  difficulties  in  the  way  and  the 
project  was  quietly  laid  aside. 

"  About  that  time,  too,  Mr.  Andrew  Carnegie  was  laying  the 
foundation  for  his  stupendous  fortune,  and  now  in  his  great  gen- 
erosity, and  in  recognition  of  the  merit  of  the  engmeer,  and 
mindful  of  tlie  assistance  ho  received  from  them  during  his  most 
remarkably  successful  career,  he  lias  so  nobly  offered  to  give 
the  money  to  purchase  the  lot  and  erect  a  building  that  will 
accommodate  the  four  great  engineering  societies,  and  the  Engi- 
neers' Club,  separately;  which  will  be  a  monument  to  the  engi- 
neering profession  and  will  let  the  world  know  that  there  is  one 
man  who  knows  and  acknowledges  their  work  and  worth. 


878  THE  CARNEGIE   GIFT  TO   ENGINEERING. 

"  When  Mr.  Holley  and  I  talked  over  some  plans  to  bring  the 
engineers  closer  together,  the  wildest  flight  oi  our  imagination 
could  not  have  conceived  the  idea  of  such  a  magnificent  gift  as 
is  now  presented  to  us,  for  the  fulfillment  of  the  object  that  was 
then  so  near  our  hearts. 

''There  is  something  so  beautiful  and  encouraging  to  the 
young  *men  to  know  that  the  donor  was  at  fhat  time  one  of  us, 
the  same  as  the  young  men  of  to-day,  who  was  struggling  for 
recognition  amongst  the  business  men  of  the  country,  the  same 
as  you  are  for  place  in  the  line  of  your  profession.  And  I  beg 
to  say  that,  in  my  humble  opinion,  the  occupation  of  the  engi- 
neer is  one  of  the  grandest,  most  useful  ana  far  reaching  that 
falls  to  the  lot  of  man  to  pursue;  and  I  know  of  no  calling  that 
requires  more  thoughtful  and  careful  study  than  that  which 
inspires  and  pervades  the  profession ;  nor  is  there  any  society  or 
class  of  people  that  the  Avorld  is  so  much  indebted  to  as  the 
engineer. 

''I  shall  now  treat  them  as  one  family  and  recognize  the 
'beneficence  of  their  united  efforts.  The  value  of  their  genius 
and  influence  and  what  they  have  accomplished  cannot  be  esti- 
mated or  restricted  to  any  one  country.  They  are  only  bound 
by  the  law  of  progress;  which  means  tnat  each  triumph  of  their 

fenius  inspires  them  to  higher  and  grander  accomplishments, 
'here  seems  to  be  no  finality  to  their  progress,  unless  the  nations 
of  the  earth  lapse  into  barbarity.  Look  at  the  vast  system  of 
railroads  that  space  the  continent,  that  has  reduced  the  time  of 
traveling  from  ocean  to  ocean  to  nearly  the  same  number  of 
days  as  formerly  required  months.  They  have  carried  civiliza- 
tion and  commerce  throughout  the  ^reat  wild  west,  converting 
it  into  farms  now  occupied  by  an  industrious,  intelligent  and 
happy  people.  Then,  a;^ain,  think  of  the  navy  we  have  built 
and  are  building;  also  tliink  of  the  most  remarkable  perform- 
ance of  the  l)attleship  ''  Oregon,"  sailing  from  Puget  Sound,  on 
the  North  Pacific  coast,  around  Ca])e  Horn  to  Santiago,  and 
then  forthwith  going  into  action  without  any  repairs  of  any 
kind:  a  feat  unparalleled  in  the  history  of  battleships.  It  was 
tlie  navy  of  our  construction,  which  we  are  all  so  proud  of,  and 
justly  so,  that made  it  possible  for  us  to  achieve  the  victory  over 
the  Spaniards  in  Cuba;  which  placed  our  country  in  the  front 
rank  of  the  great  nations  of  the  world.  1  now  ask  who  built 
our  great  system  of  railroads,  who  designed  and  built  the  ships 
of  our  honored  navy,  and  thousands  of  other  works  of  merit 
that  could  be  mentioned  ?  The  answer  is  the  engineer.  But  no 
one  Society  of  Engineers  can  claim  that  its  members  did  it  all; 
for  it  has  all  heeti  ((rconipllshed  hij  their  'united  efforts.  I  most 
ardently  hope  they  may  still  become  more  closely  associated, 
both  on  social  and  on  engineering  lines. 

''  The  societies  are  so  interdependent,  and  overlap  each  other 
to  such  an  extent,  that  to  me  it  is  most  surprisingly  strange  that 
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the  efforts  which  have  been  made  before  this  time  to  bring  them 
in  closer  contact  with  each  other,  has  not  been  successful. 

"  It  has  been  my  fortune  to  have  good  friends  in  the  various 
societies;  and  we  were,  at  all  times,  ready  and  willing  and  happy 
to  exchange  ideas  with  each  other;  and  I  am  absolutely  certain 
that  we  afl  profited  by  it,  and  the  country  at  large  received  the 
benefit. 

*'  When  I  first  went  to  work  in  the  rolling  mill  and  would  go 
near  the  roll  turner,  he  would  take  up  his  templates  and  put 
them  in  his  pocket.  I  am  happy  to  say  that  the  people  are 
becoming  more  tolerant;  that  the  conditions  of  the  country  have 
greatly  cnanged  and  we  must  be  prepared  to  meet  them.  "What 
IS  now  wanted  is  well-informed,  liberal,  broad-minded  and 
many-sided  men;  and  I  am  a  firm  believer,  aU  other  things  being 
equal,  that  every  man  should  know  something  of  everything  and 
everything  of  something. 

'*  1  could  give  you  instance  after  instance  from  my  own  experi- 
ence, which  would  prove  the  correctness  of  the  foregoing  views. 

*'  Kow,  the  only  way  that  I  can  see  to  obtain  this  knowledge 
is  to  get  close  together.  By  pursuing  this  method,  aU  parties 
will  be  b^efited  and  they  will  obtain  certain  practical  knowl- 
edge and  advantages  that  cannot  be  otherwise  obtained.  And 
I  know  of  no  plan  by  which  this  can  be  so  well  accomplished  as 
that  proposed,  where  all  the  specialists  can  conveniently  meet 
each  other  and  at  the  same  time  have  access,  under  pro]M)r  rules, 
to  the  various  libraries.     This  would  be  the  college  of  colleges. 

''The  Electrical  Institute,  though  the  youngest,  has  great 
possibilities  before  it,  and  may  be  tne  means  through  which  the 
older  societies  can  be  brought  together.  The  members  of  this 
society  are  young  and  pliable;  who  are  dealing  with  an  element 
that  requires  them  to  be  ever  on  the  alert,  and  who  well  know 
the  value  of  cumulative  knowledge. 

"As  there  has  been  nothing  said  regarding  the  Marine  and 
Naval  engineers,  1  have  made  no  specific  allusion  to  them;  but 
I  would  like  to  see  them  all  included,  and  also  both  the  physical 
and  analytical  chemists. 

"  Finally,  it  is  the  young  men  who  will  derive  the  greatest 
advantage  by  the  adoption  of  the  proposed  plan.  Should  this 
plan  fail,  and  were  I  a  young  man,  knowing  Avhat  I  now  do  on 
the  subject,  it  would  be  one  of  the  objects  of  my  life  to  devise 
some  means  by  which  the  younger  members  of  our  profession 
could  be  brought  into  closer  unity. 

"  Sincerely  lioping  for  complete  success,  I  am, 
"  Yours  most  truly, 

"(Signed)    JouN  Fritz." 

Mr.  Charles  F.  Scott,  President  of  the  American  Institute  of 
Electrical  Engineers,  has  contributed  the  following: 
57 
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"The  four  general  engineering  societies  named  by  Mr.  Car- 
negie are  but  a  part  of  the  engineering  societies  which  are  to  be 
benefited  by  a  Union  Engineering  Building.  There  are  numer- 
ous societies — many  of  them  strong  and  vigorous — whose  mem- 
bership contained  many;  of  the  members  of  the  general  societies 
but  whose  fields  of  activity  are  specialized  in  their  scope.  The 
work  of  these  societies  is  of  a  high  order,  and  taken  in  the 
aggregate  it  is  a  most  important  part  of  American  engineering. 
Definite  permanent  headquarters  and  accommodations  in  the 
same  building  with  those  of  other  societies  will  be  advantageous 
to  the  societies  themselves,  and  will  be  of  great  convenience  to 
their  members. 

'^  Some  of  the  uses  and  advantages  of  a  Union  Engineering 
Building  may  be  indicated  in  a  general  way  without  entering 
upon  details. 

"  A  large  assembly  hall  will  be  available  for  lectures  and  for 
the  holding  of  general  conventions  of  engineering  societies. 

"A  number  of  smaller  halls  will  accommodate  smaller  audi- 
ences and  will  be  suitable  for  monthly  meetings  of  societies  and 
for  sectional  or  supplemental  meetings  at  the  time  of  conven- 
tions. 

"  The  libraries  of  the  several  engineering  societies  placed  in 
adjacent  alcoves  or  rooms  will  constitute  a  magnificent  engineer- 
ing library.  Economies  will  be  effected  as  many  books  need  not 
be  duplicated  which  would  be  necessary  if  tfie  libraries  were 
separate,  and  there  may  be  reduced  cost  for  administration. 
The  several  libraries  may  have  a  common  index.  Moreover,  the 
Union  Engineering  Library  will  be  adjacent  to  the  new  building 
of  the  New  York  rublic  Library,  40tli  and  42d  Streets. 

"Rooms  may  be  available  for  reading  and  writing.  The 
building  itself  may  become  a  gallery  of  portraits  of  eminent 
engineers  and  illustrations  of  engineering  works. 

'^  Accommodations  for  the  administrative  offices  of  the  several 
engineering  societies  may  be  arranged  to  suit  their  various  needs. 
Facilities  for  the  officers,  boards  of  direction,  committees,  as 
Avell  as  for  the  mailing,  and  possibly  the  printing,  of  trans- 
actions may  be  afforded. 

*' Facilities  may  be  arranged  for  the  serving  of  luncheons  or 
dinners  at  the  time  of  conventions  or  meetings  and  for  the  hold- 
ing of  formal  dinners  and  banquets.  A  common  cuisine  may 
serve  the  Engineers'  Clul)  and  the  engineering  societies. 

"  The  idea  of  Mr.  Carnegie  is  significant  m  its  very  breadth, 
lie  has  not  imposed  restrictions  nor  introduced  details.  In  a 
single  sentence  he  has  presented  a  great  opportunity,  and  places 
confidence  in  engineers  that  they  will  adequately  meet  it.  The 
present  is  the  time  to  expand;  to  construct  a  magnificent  ideal; 
to  picture  what  should  be  done,  and  to  <levise  how  it  may  be 
iicconiplished.  Let  us  fii'st  develop  our  grand  ideal.  There  are 
plans  to  be  arranged  and  details,  perhaps  perplexing,  are  to  be 
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worked  out.  Engineers  are  now  called  to  work  out  for  them- 
selves a  problem  similar  to  those  which  they  are  continually 
solving  for  others. 

"To  us  is  committed  a  great  trust  on  behalf  of  American 
Engineering.  The  real  question  to  be  decided  is  not  whether 
we  will  accept  it,  but  it  is  whether  we  can  take  the  responsibility 
of  refusing  to  administer  it." 

At  the  annual  dinner  of  the  Institute  of  Electrical  Engineers 
on  February  9,  1903,  Mr.  Carnegie  in  the  course  of  an  address 
revealed  his  mind  on  this  general  question  in  the  following 
quotation : 

"  I  have  often  taken  occasion  to  say — ^and  I  have  known  both 
lands  well — that  the  American  engineers  are  the  most  co-opera- 
tive men,  I  believe,  that  exist  to-aay.  I  think  there  is  harmo- 
nizing feature  about  them  which  counts  for  everything  in  the 
frogress  of  any  great  movement,  political,  social  or  scientific, 
t  is  institutions  like  this  of  engineers  which  do  so  much :  you 
cannot  overestimate  the  influence  which  such  organizations 
exert." 

At  a  meeting  of  The  Municipal  Engineers  of  the  City  of  New 
York,  held  in  the  rooms  of  The  American  Society  of  Mechanical 
Engineers  on  May  27,  1903,  the  following  preamble  and  resolu- 
tions, presented  by  a  committee  consisting  of  Messrs.  O.  F. 
Nichols,  Chairman,  Henry  R.  Asserson  and  Samuel  C.  Thomp- 
son, were  enthusiastically  adopted : 

Wltereds^  Mr.  Andrew  Carnegie  has,  in  a  letter  addressed  to 
the  four  national  engineering^  societies  and  The  Engineers'  Clul). 
generously  offered  to  give  the  sum  of  about  one  million  dollars 
($1,000,000)  for  the  construction  of  a  building  to  ])e  devoted  to 
the  general  interests  of  American  engineering;  and. 

Whereas^  The  spirit  and  dimensions  of  the  gift  indicate  the 
intention  of  the  liberal  donor  that  the  building  should  be  used 
in  the  broadest  and  fullest  extent  by  American  engineers;  there- 
fore, 

Resolved^  That  the  Society  desires  to  express  its  profound  ap- 
preciation of  the  ])road  interest  taken  by  Mr.  Carnegie  in  Ameri- 
can engineering  and  the  generous  gift  by  which  he  has  charac- 
terized this  interest,  and 

Resolved,  That  this  Society  of  Municipal  Engineers  of  the  City 
of  New  York  hereby  expresses  its  earnest  hope  that  the  five 
organizations  to  which  Mr.  Carnegie  achlressed  his  offcir  will 
unanimously  acce])t  the  magnificent  gift,  and  work  in  the  fullest 
harmony  to  carry  out  the  trusts  imposed  upon  them  by  the 
donor  for  the  advancement  of  American  engineering. 
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I  am  instructed  to  send  a  copy  of  these  resolutions  to  you,  with 
the  request  that  you  present  them  to  the  committee  of  your 
Society  which  is  acting  in  the  matter  of  the  proposed  union 
engineering  building. 

Yours  very  truly, 

WisNER  Martin, 

Secretary. 

From  various  technical  journals  the  following  editorial  com- 
ments have  been  culled : 

'^American  Machinist." 

Upon  the  whole  the  engineers  have  a  great  task  upon  their 
hands,  and  it  should  be  as  successful  as  American  engineering 
work  already  is  in  its  other  fields  of  occupation.  In  this  day  of 
successful  combinations  it  will  be  a  disgrace  to  American  engi- 
neers if  thejr  for  any  reason  fail  to  put  this  project  through. 

No  small  ideas  should  have  any  chance. 

**  Engineering  News." 

We  think  it  is  worth  large  emphasis  that  this  great  gift  from 
Mr.  Carnegie  comes  unsolicited.  The  engineering  societies  of 
America  are  great  educational  institutions  for  the  advancement 
and  upbuilding  of  the  profession ;  but  they  are  not  organizations 
in  need  of  charity.  It  is  because  Mr.  Carnegie  saw  and  appre- 
ciated the  great  advantage  to  the  engineering  profession  of  the 
union  and  co-operation  that  might  be  brought  about,  that  he 
decided  to  make  this  great  benefaction. 

The  influence  and  value  of  such  an  engineering  center  to  the 
entire  profession  is  too  obvious  to  call  for  comment. 

'*  Railroad  Gazette." 

The  gift  is  a  fitting  recognition  of  the  work  and  importance 
of  the  engineer,  and  is  made  doubly  significant  by  the  cnaracter 
of  the  giver;  one  Avhose  life  and  fortunes  have  been  so  closely 
allied  to  the  engineering  profession. 

In  any  event,  the  erection  of  a  union  building,  and  the  added 
availability  of  their  several  libraries,  will  do  much  to  unify  the 
kindred  interests  of  engineers,  and  it  will  be  a  concrete  reminder 
of  the  potent  influences  which  are  being  and  have  been  exerted 
in  the  affairs  of  mankind  by  that  noblest  and  most  dignified 
profession. 

''Electrical  Review." 

It  would  seem  that  tlie  joint  ownership  of  an  Engineering 
Building,  in  which  individual  engineers  should  meet  members  of 
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other  engineering  professions,  would  give  each  a  broader  view 
of  the  aims  of  his  brother  engineers  than  could  be  gained  in  any- 
other  way. 

We  believe  that  there  are  few  ways  in  which  Mr.  Carnegie 
could  have  done  more  for  the  general  welfare. 

"The  Engineering  and  Mining  Journal." 

The  best  feature  of  such  a  central  building  lies  in  the  fact  that 
it  will  afford  a  convenient  rendezvous  for  all  engineers  in  good 
standing  and  those  birds  of  ])assage,  more  particularly  the  Min- 
ing Engineers,  will  have  a  place  to  set  their  feet.  If  the  idea  is 
carried  out  to  its  complete  fulfillment,  it  means  that  the  band 
of  men  "  who  give  expression  to  that  combination  of  contem- 
porary science,  art,  knowledge  and  practice  which  we  recognize 
as  modern  engineering,"  will  be  enabled  to  meet  amid  a  favor- 
able  environment  and  consummate    the   purpose  of  all  such 

gatherings,  namely,  to  discover  one  another,  to  give  the  right 
and  of  fellowship,  to  make  common  cause  against  the  Fool. 

"Electrical  World  and  Engineer." 

This  gift  of  Mr.  Carnegie  to  the  societies  of  which  he  is  a 
member  and  representing  tlie  professions  to  which  he  is  glad  to 
acknowledge  his  indebtedness,  comes  "without  string,"  but  it 
has,  nevertheless,  serious  obligations.  The  Engineers'  Club  has 
already  provided  itself  with  land,  but  the  tour  engineering 
bodies  named  specifically  have  to  do  with  a  real  estate  trans- 
action of  between  five  and  six  hundred  thousand  dollars.  In 
fact,  the  necessary  steps  have  already  been  taken  to  secure  the 
land,  and  at  this  moment  the  Union  Engineering  Building  is  to 
be  regarded  as  a  tangible  actuality.  Wnen  we  remember  that 
the  societies  in  question  have  at  least  ten  thousand  members  in 
jjood  standing,  the  financial  responsibility  upon  them  dwindles 
into  insignificance.  Even  if  one  or  other  of  them  should  not 
feel  able  or  willing  to  come  in,  there  is  all  the  more  left  for 
those  which  do  respond  to  this  clarion  call  to  co-operation. 

In  no  particular  will  any  society  be  urged  to  surrender  its 
autonomv  or  self-respect,  liut  it  is  Jilways  easier  to  find  reasons 
for  grimly  standing  apart,  than  to  hit  upon  methods  of  harmoni- 
ous union;  and  just  now  the  men  in  each  body  Avho  believe  that 
civilization  itself  is  based  on  "getting  together"  for  the  com- 
mon good,  liave  -their  opportunity  to  benefit  the  profession  to 
which  they  belong,  by  making  the  most  of  the  situation. 

"The  ]S^ew  York  Times." 

No  branch  of  engineering  can  stand  alone.  Results  of  value 
are  obtained  by  co-operation  and  co-ordination. 
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To  the  members  of  several  technical  societies  the  relatively 
wide  separation  of  their  respective  headquarters  has  long  been 
an  inconvenience,  and  the  fact  that  there  has  been  no  common 
meeting  ground  for  engineers  resident  in  or  visiting  New  York 
has  been  a  distinct  deprivation. 

The  location  agreed  upon  is  probaWy  the  best  which  could  be 
found  on  the  American  continent.  lor  the  next  quarter  of  a 
century  at  least  it  will  be  close  to  the  business  center  of  New 
York.  It  is  also  the  center  of  the  hotel  district  and  of  every- 
thing pertaining  to  the  characteristic  life  of  the  metropolis.  It 
is  doubtful  if  any  library  foundation  with  which  Mr.  Carnegie's 
name  is  identified  will  ever  accomplish  as  much  benefit  in  pro- 
moting the  progress  of  the  arts  and  sciences  as  will  result  from 
his  unconditional  and  unrestricted  offer  of  a  home  for  engineers. 
As  Mr.  John  Fritz  feelingly  and  forcibly  says:  "  There  is  some- 
thing beautiful  and  encouraging  to  the  young  men  to  know  that 
the  donor  was  one  of  us,  the  same  as  the  young  men  of  to-day, 
struggling  for  recognition  among  the  business  men  of  the  coun- 
try, and,  as  you  are,  for  place  in  the  line  of  your  profession." 
Mr.  Carnegie  could  not  have  selected  a  more  intelligently  appre- 
ciative body  of  men  to  co-operate  with,  and  those  who  heard  his 
speech  at  the  recent  annual  dinner  of  the  American  Institute  of 
Electrical  Engineers  when  he  told  how  he  worked  his  way  up 
from  a  job  in  the  cellar  tending  a  small  motor  to  a  place  at  the 
key  as  a  telegraph  operator,  wnl  perhaps  not  find  it  diiBcult  to 
understand  why  he  experiences  pleasure  in  thus  prominently* 
identifying  himself  with  the  profession  which  has  contributeJi 
so  largely  to  his  success. 
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Mo.  977.* 

REPORT  ON  MEETING  OF  NATIONAL    CONFERENCE 
ON  STANDARD  ELECTRIC  LIGHTING  RULES. 

To  THE  Council  of  the  American  Society  of  Mechanical  Engi- 
neers : 

Gentlemen :  The  undersigned  as  a  delegate  of  the  American 
Society  of  Mechanical  Engineers  to  the  National  Conference  on 
Standard  Electrical  Rules,  which  was  held  at  New  York,  March 
18-19,  1895,  and  which  prepared  the  rules  for  the  installation  of 
electrical  apparatus  known  as  the  National  Electrical  Code,  sub- 
mitted a  report  wliich  is  contained  in  the  Travsaetioiis  of  the 
American  Society  of  Mechanical  Engineers,  Volume  XIX.,  pages 
33  and  984. 

Tliis  code  of  rules  was  accepted  and  ])romulgated  by  the  Na- 
tional Board  of  Fire  I^nderwriters,  and  has  continued  in  force, 
with  such  amendments  being  made  at  the  annual  meetings  of 
•the  Underwriters'  National  Electric  Association,  as  might  be 
necessary  to  conform  to  tlie  state  of  the  art  of  the  applications 
of  electricity  for  lighting,  transmissicm  of  power  and  signalling. 

The  rapid  growth  of  electrical  transmission  of  power  Avas  a 
subject  of  such  imi)ortanco,  that  the  undcrwritei^s  referred  the 
matter  to  the  code  committee  of  the  American  Institute  of  Elec- 
trical Engineers,  of  which  the  writer  is  a  member,  but  this  code 
committee  after  ])reparing  a  draft  of  provisions  intending  to 
provide  for  the  construction  of  these  lines,  especially  in  i)lacos 
where  they  approached  to  other  classes  of  electrical  lines  or  to 
buildings,  considered  the  subject  of  too  great  importance  to  be 
settled  by  such  a  small  number,  and  the  National  Conference  on 
Standard  Electrical  Rules  was  assembled  and  held  their  meeting 
in  Boston,  March  24,  llMi:>,  at  which  the  undersigned  was  a  dele- 
gate representing  the  American  Society  of  Mechanical  Engineers. 

At  this  meeting  were  r(*[)r(^sentntives  of  the  principal  electrical 
and  other  technical  societic^s,  and  also  representatives  of  all  types 
of  electrical  manufacturers  having  an  interest  in  this  subject. 

The  following  amendments  to  the  National  Electrical  Code 


=  Appciulix  No.  2  to  the  Proceedings. 


886  KEPORT  ON   STANDARD-  ELECTRIC   LIGHTING  RULES. 

Avere  adopted  and  Lave  been  accepted  by  the  electrical  committee 
of  the  underwriters  and  added  to  the  1903  edition  of  the  Eules, 
which  Avas  issued  June  1,  1903: 

AMENDMENTS  TO  THE  NATIONAL  ELECTRICAL  CODE. 
12  A.     Constant-Potential  Pole  Lines,  Over  5,000  Volts. 

(Overhead  lines  of  this  class  unless  properly  arranged,  may  increase  the 
fire  loss  from  the  following  causes: 

Accidental  crosses  between  such  lines  and  low-potential  lines  may  allow 
the  high-voltage  current  to  enter  buildings  over  a  large  section  of  adjoining 
country.  Moreover,  such  high  voltage-lines,  if  carried  close  to  buildings,  ham- 
per the  work  of  firemen  in  case  of  fire  in  the  building.  The  object  of  these  rules 
is  so  to  direct  this  class  of  construction  that  no  increase  in  fire  hazard  will  re- 
sult, while  at  the  same  time  care  has  been  taken  to  avoid  restrictions  which 
would  unreasonably  impede  progress  in  electrical  development. 

It  is  fully  understood  that  it  is  impossible  to  frame  rules  which  will  cover 
all  conceivable  cases  that  may  arise  in  construction  work  of  such  an  extended 
and  varied  nature,  and  it  is  advised  that  the  Inspection  Department  having 
jurisdiction  be  freely  consulted  as  to  any  modification  of  the  rules  in  particular 
cases.) 

(a)  Every  reasonable  precaution  must  be  taken  in  arranging  routes  so  as 
to  avoid  exposures  to  contacts  with  other  electric  circuits.  On  existing  lines, 
where  there  is  a  liability  to  contact,  the  route  should  be  changed  by  mutual 
agreement  between  the  parties  in  interest  wherever  possible. 

(b)  Such  lines  should  not  approach  other  pole  lines  nearer  than  a  distance 
equal  to  the  height  of  the  taller  pole  line,  and  such  lines  should  not  be  on  the 
same  poles  with  other  wires,  except  that  signalling  wires  used  by  the  Company 
operating  the  high-pressure  system,  and  which  do  not  enter  property  other 
than  that  owned  or  occupied  by  such  Company,  may  be  carried  over  the  same 
poles. 

(c)  Where  such  lines  must  necessarily  be  carried  nearer  to  other  pole  lines 
than  is  specified  in  Section  b  above,  or  where  they  must  necessarily  be  carried 

-on  the  same  poles  with  other  wires,  extra  precautions  to  reduce  the  liability 
of  a  l)roakdown  to  a  mininmm  nmst  be  taken,  such  as  the  use  of  wires  of  ample 
mechanical  strength,  widely  spaced  cross-arms,  short  spans,  double  or  extra 
heavy  cross-anns,  extra  heavy  pins,  insulators,  and  poles  thoroughly  supported. 
If  carried  on  the  same  poles  with  other  wires,  the  high-pressure  wires  must 
be  carried  at  least  three  feet  above  the  other  wires. 

{(I)  Wliere  sucli  lines  cross  other  lines,  the  poles  of  both  lines  must  be  of  heavy 
and  substantial  construction. 

Wlicnever  it  is  feasi))le,  end-insulator  guards  sliould  be  placed  on  the  cross- 
arms  of  tlie  upper  line.  If  tlie  high-pressure  wires  cross  below  the  other  lines, 
the  wires  of  the  upper  line  sliould  be  dead-ended  at  each  end  of  the  span  to 
double-grooved,  or  to  standard  transposition  insulators,  and  the  line  com- 
pleted by  loops. 

One  of  the  following  forms  of  construction  must  then  be  adopted: 

(1)  The  heit^ht  and  length  of  the  cross-over  span  may  be  such  that  the  short- 
est distance  between  the  lower  cross-arms  of  the  upper  line  and  any  wire  of 
the  lower  line  will  be  greater  than  the  length  of  the  cross-over  span,  so  that  a 
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wire  breaking  near  one  of  the  upper  pins  would  not  be  long  enough  to  reach  any 
wire  of  the  lower  line.  The  high-pressure  wires  should  preferably  be  above 
the  other  wires. 

(2)  A  joint  pole  may  be  erected  at  the  crossing  point,  the  high-pressure 
wires  being  supported  on  this  pole  at  least  three  feet  above  the  other  wires. 
Mechanical  guards  or  supports  must  then  be  provided,  so  that  in  case  of  the 
breaking  of  any  upper  wire,  it  will  be  impossible  for  it  to  come  hito  contact 
with  any  of  the  lower  wires. 

Such  liability  of  contact  may  be  prevented  by  the  use  of  suspension  wires, 
similar  to  those  employed  for  suspending  aerial  telephone  cables,  which  will 
prevent  the  high-pressure  wires  from  falling,  in  case  they  break.  The  sus- 
pension wires  should  be  supported  on  high  potential  insulators,  should  have 
ample  mechanical  strength,  and  should  be  carried  over  the  high-pressure  wires 
for  one  span  on  each  side  of  the  joint  pole,  or,  where  suspension  wires  are  not 
desired,  guard  wires  may  be  carried  above  and  below  the  lower  wires  for  one 
span  on  each  side  of  the  joint  pole,  and  so  spread  that  a  falling  high-pressure 
wire  would  be  held  out  of  contact  with  the  lower  wires. 

Such  guard  wires  should  be  supported  on  high-potential  insulators  or  should 
be  grounded.  When  grounded,  they  must  be  of  such  size,  and  so  connected 
and  earthed,  that  they  can  surely  carry  to  ground  any  current  which  may  be 
delivered  by  any  of  the  high-pressure  wires.  Further,  the  constniction  must 
be  such  that  the  guard  wires  will  not  be  destroyed  by  any  arcing  at  the  point 
of  contact  likely  to  occur  under  the  conditions  existing. 

(3)  Whenever  neither  of  the  above  methods  is  feasible,  a  screen  of  wires 
should  be  interposed  between  the  lines  at  tlic  cross-over.  This  screen  should 
be  supported  on  high-tension  insulators  or  grounded,  and  should  be  of  such  con- 
struction and  strength  as  to  prevent  the  upper  wires  from  coming  into  contact 
witk  the  lower  ones.  If  the  screen  is  grounded,  eacli  wire  of  the  screen,  and 
especially  its  ground  connection,  should  have  a  current-carrying  capacity 
greater  than  the  current  which  may  be  delivered  by  any  wire  of  the  upper 
line,  must  be  of  such  size  and  so  connected  and  earthed  that  it  can  surely 
carrj'  to  ground  any  current  which  may  be  delivered  by  any  of  the  high- 
pressure  wires.  Furtlier,  the  construction  must  l)e  such  that  the  wires  of 
.screen  will  not  be  destroyed  by  any  arcing  at  the  point  of  contact  likely  to 
occur  under  the  conditions  existing. 

(e)  When  it  is  necessary  to  carry  such  lines  near  l)uil(lings,  they  must  be  at 
such  height  and  distance  from  tlie  building  as  not  to  intcrfcn^  with  firemen 
in  event  of  fire;  therefore,  if  within  twenty-five  feet  of  a  building,  they  must 
be  carried  at  a  height  not  less  than  that  of  the  front  cornice,  and  the  height 
must  be  greater  than  that  of  the  cornice  as  the  wires  come  nearer  to  the  build- 
ing in  accordance  with  the  following  tal)le:  - 

Distance  of  wire  Llrvation  of  wiro  above 

from  huildin;?.  cornice  <»f  building. 

Feet.  Feit. 

25  0 

.  20  2 

15  4 

10  0 

5  S 

25  0 
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It  is  evident  that  where  the  roof  of  the  building  continues  nearly  in  line 
with  the  walls,  as  in  Mansard  roofs,  tlie  height  and  dbtance  of  the  line  must  be 
reckoned  from  some  part  of  the  roof  instead  of  from  the  cornice. 

[Amendment  to  13  A  (b).] 

(13  A)  Grounding  Low-Potential  Circuits.  >- 

(6)  Transforming  secondaries  of  distributing  systems  should  preferably  be 
grounded,  and  when  grounded,  the  following  rules  must  be  complied  with: 

(1)  The  grounding  must  be  made  at  the  neutral  point  or  wire,  whenever  a 
neutral  point  or  wire  is  accessible. 

(2)  When  no  neutral  point  or  wire  is  accessible,  one  side  of  the  secondary 
circuit  may  be  grounded,  provided,  the  maximum  difference  of  potential  be- 
tween the  grounded  point  and  any  other  point  in  the  circuit  does  not  exceed 
250  volts. 

(3)  The  ground  connection  must  be  at  the  transformer  as  provided  in  sec- 
tions d,  c,  /,  g,  and  when  transformers  feed  systems  with  a  neutral  wire,  the 
neutral  wire  must  also  be  grounded  at  least  every  250  feet  for  overhead  systems, 
and  every  500  feet  for  underground  systems. 

Inspection  Departments  having  jurisdiction  may  require  grounding  if  they 
deem  it  necessary. 

(Amendment  to   64.) 

(64)  Signalling  Systems. 

(a)  Outside  wires  should  be  run  in  underground  ducts,  or  strung  on  poles, 
and  as  far  a.s  f>ossil)le  kept  off  of  buildings,  and  nmst  not  be  placed  on  the  same 
cross-arms  with  electric  light  or  power  wires.  They  *  should  not  occupy  the  same 
duct,  manhole  or  handhole  of  conduit  systems  iHth  electric  light  or  poicer  wires. 

Single  manholes,  or  handholes,  may  be  separated  into  sections  by  means 
of  partitions  of  brick  or  tile  so  as  to  be  considered  as  conforming  with  the  above 
rule. 

Respectfully  submitted, 

C.   J.   H.   Woodbury. 

*  The  Amendment  consists  of  the  words  italicised. 
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EEPORT  OF  THE  COMMITTEE. 

At  the  Boston  meeting  of  the  American  Society  of  Mechani- 
cal Engineers  in  June,  1902,  a  Special  Committee  on  liules  and 
Methods  was  appointed  to  revise  the  present  liules  of  the  So- 
ciety, to  consider  the  amendments  that  had  been  offered,  and  to 
report  to  the  Society,  in  accordance  with  the  following  resolu- 
tion: {TrajisactimH^  vol.  23,  p.  413.) 

Resolved,  That  this  meeting  appoint  a  Special  Committee  on  Rules  and 
Methods,  which  Committee  shall  take  under  advisement  the  whole  subject 
of  the  Rules,  By-Laws  and  business  methods  of  the  Society,  includinji;  such 
changes  or  amendments  as  have  been  or  may  be  proposed  by  members,  and 
shall  submit  its  conclusions  and  recommendations  to  tlie  meml)ership  in  a  re- 
port which  shall  be  delivered  to  the  Secretary,  and  which  the  Secretary  sliall 
thereupon  cause  to  be  printed  and  distributeil  to  the  membership. 

The  Committee  has  proceeded  ui)on  the  plan  submitted  in  the 
report  of  the  Finance  Committee,  and  adopted  by  the  Council 
at  the  Annual  Meeting  of  lOOl;  namely  that  the  Rules  when 
amended  should  be  divided  into  three  divisions, — a  Constitution 
which  could  be  amended  only  after  full  deliberation  and  by 
letter-ballot;— By-Laws  Avhich  could  be  more  easily  amended; 
and  Kules  which  could  be  changed  at  any  session  of  the  Council. 
The  Constitution  in  the  present  draft,  contains  the  fundamental 
objects  and  functional  organizaticm  of  the  Society.  The  By- 
Laws  include  the  provisions  for  i)utting  into  practical  execution 
the  functions  specified  in  the  Constitution.  The  liules  have  the 
same  force  as  the  By-Laws,  but  are  subject  to  change  at  any 
time  by  the  Council. 

It  is  necessary  to  bear  this  division  in  mind  in  reading  the 
draft  herewith  presented,  because  the  same  subject  matter  may 
be  found  in  the  Constitution  in  a  broad  sense,  and  the  provisions 
for  its  execution  in  the  By-Laws. 

The  present  Bules  of  the  Society  Avere  taken  as  a  basis  of  this 
draft,  and  each  paragraj)!!  assi<rnod  to  the  Constitution,  the  By- 
Laws  or  the  Rules,  as  secmcMl  appropriate.  The  Constitutional 
sections  were  combined,  and  such  ])rofatory  and  connecting 
sentences  added  as  were  needed  to  make  a  first  draft.    When 
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this  had  been  accomplished,  it  was  evident  that  many  subjects 
had  been  taken  as  a  matter  of  common  understanding,  and 
were  not  expressed  in  the  Constitution;  also  that  the  word- 
ing of  paragraphs  was  in  some  cases  incomplete.  When  the 
draft  had  proceeded  thus  far,  the  Constitution  and  By-Laws  of 
kindred  Societies  were  consulted,— such  as  the  Institution  of 
Civil  Engineers,  the  Institution  of  Mechanical  Engineers,  The 
Iron  and  Steel  Institute  of  Great  Britain,  the  American  Society 
of  Civil  Engineers,  American  Institute  of  Mining  Engineers, 
American  Institute  of  Electrical  Engineers,  and  such  others  as 
the  Committee  was  able  to  consult.  Various  new  provisions 
were  found  to  be  desirable. 

The  Committee  would  also  report  that  it  has  given  careful 
consideration  to  the  amendments  proposed  at  the  meetings  of 
the  Society  and  referred  to  it  by  vote  at  the  New  York  meet- 
ing. With  respect  to  the  proposition  offered  by  Mr.  Kent  to 
increase  the  size  of  the  Publication  Committee  to  nine  persons, 
it  has  been  thought  advisable  to  intrust  the  important  work 
hitherto  discharged  by  the  Publication  Committee,  to  ten  per- 
sons, divided  into  two  independent  committees  (C  45  and  B  24 
and  25),  of  which  one  shall  be  known  as  the  Committee  on 
Meetings  and  the  other  as  the  Publication  Committee. 

The  Avork  of  the  Committee  on  Meetings  will  be  to  procure 
papers  and  pass  on  their  suitability  for  presentation,  with  power 
to  refer  any  ])aper  i)resented  to  persons  especially  qualified  by 
theoretical  knowledge  or  practical  experience  to  advise  concern- 
ing them.  Tlie  otlier  Committee,  called  the  Publication  Com- 
mittee, acting  independently  of  the  Committee  on  Meetings  will 
decide  what  papers  or  discussions,  or  parts  of  the  same  shall  be 
printed  in  the  Transactions. 

It  is  thought  that  by  these  means  the  desired  scrutiny  of 
papers  will  be  secured  in  advance  of  the  meeting  on  the  one 
hand,  and  on  the  other  a  careful  examination  insured  after  the 
meeting  by  a  second  committee,  which  has  the  power  of  rejec- 
tion of  unsuitable  material  in  either  papers  or  discussions. 

The  Committee  has  considered  the  carefully  prepared  adapta- 
tion by  Mr.  Gus  C.  Ilenning  of  the  Eules  of  the  Yerein- 
Deutscher-Ingenieure  to  the  conditions  of  this  Society,  and  would 
call  attention  to  several  valuable  details  incorporated  into  the 
Constitution  and  By-Laws  from  this  source  (C  52);  but  it  has 
not  felt  that  so  considerable  a  change  in  the  methods  and  con- 
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duct  of  the  Society  as  would  follow  from  copying  these  prec- 
edents more  closely  would  be  either  wise  or  acceptable  at  the 
present  time. 

In  addition  to  the  above,  various  provisions  of  the  Corpora- 
tion Law  of  the  State  of  Kew  York,  under  which  the  business 
proceedings  of  the  Society  must  be  conducted,  have  been  added 
for  convenience  of  reference.  In  order  that  attention  may  be 
directed  at  once  to  important  sections,  the  following  brief  notes 
are  submitted. 

The  numbered  sections  of  the  Constitution  are  preceded  by 
the  letter  C ;  the  By-Laws  are  designated  by  B,  and  the  Eules 
byK. 

CONSTITUTION. 

C  1.  Contains  the  oflBcial  title  of  the  Society,  specified  in  its 
corporate  organization.  The  precise  title  has  been  a  subject  of 
inquiry  at  times,  hence  it  has  been  included  in  this  section. 

C  2.  The  change  in  the  old  Ilule  is  the  addition  of  ''main- 
tenance of  an  Engineering  Library,"  in  next  to  the  last  line. 

C  3  and  4.  Is  a  statement  of  some  requirements  of  the  Cor- 
poration Laws  of  the  State  of  K"ew  York. 

C  5.  The  wording  has  been  changed  to  correspond  with  the 
objects  of  the  Society  as  stated  in  C  2. 

C  6  to  11.  Are  the  same  as  the  present  Rules  except  that 
C  10  has  the  word  "  subordinate  "  added  in  next  to  the  last  linQ 
in  order  to  make  the  difference  between  a  Junior  and  an  As- 
sociate a  little  more  marked. 

C  12.  Is  a  new  article  from  a  kindred  Society,  which  empha- 
sizes the  fact  that  it  is  a  menibershij),  and  not  a  business  corpora- 
tion, and  that  a  member,  wJien  leaving  the  Society,  has  no  claim 
upon  the  assets  of  the  Society. 

C  16.  Contains  a  change  in  the  number  of  adverse  votes 
necessary  to  defeat  an  election,  and  s])eciiic  provisions  in  rela- 
tion to  the  procedure  for  a  second  ballot. 

C  21.  Is  a  change  from  the  present  Kules  to  make  the  annual 
dues  for  a  Junior  after  six  years  the  same  as  those  of  an  Asso- 
ciate. With  the  lower  limit  of  Junior  age  fixed  at  21,  Juniors 
will  be  of  Associate  age  in  any  case  within  six  years.  By  ])er- 
mitting  the  Junior  six  years'  mcm])ership  at  the  Ioav  rate,  it 
may  be  assumed  that  lie  will  have  reached  a  position  at  the  end 
of  this  period  when  he  can  properly  afford  to  pay  the  increased 
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rate  or  will  be  in  a  position  to  be  promoted  to  Associate  mem- 
bership by  the  usual  process.  If  he  is  not  promoted,  his  dues 
will  be  the  same  as  in  the  Associate  grade.  The  question  of 
the  proper  amount  of  the  dues  for  membership  has  not  been 
considered  by  this  committee  to  be  a  subject  for  its  investi- 
gation. 

C  22.  Is  intended  to  prevent  a  large  influx  of  life  members  by 
placing  the  admission  to  this  class  in  the  discretion  of  the  Coun- 
cil. It  is  also  novel  in  making  the  amount  that  shall  be  paid  for 
life  membership  depend  on  the  age  of  the  member,  and  specifies 
a  definite  mode  of  fixing  the  amount  to  be  paid. 

C  24  and  25.  Are  new  sections,  the  substance  of  which  is 
contained  in  some  form  by  almost  every  Society.  Our  present 
Rules  have  no  provision  of  any  kind  to  relieve  itself  of  mem- 
bers who  have  violated  the  Constitution  or  B^'^-Laws  of  the 
Society. 

C  26.  This  section  includes  five  Past  Presidents  in  the 
Council,  each  having  full  voting  power.  The  American  Insti- 
tute of  Electrical  Engineers  has  three  Past  Presidents  on  the 
Council,  and  the  American  Society  of  Civil  Engineers  has  five. 
Considering  that  Past  Presidents  of  this  Society  usually  live  in 
Avidely  separated  places,  it  Avas  thought  that  five  would  be  a 
suitable  number  of  which  only  one  or  two  will  usually  be  pres- 
ent at  the  Council  meetings.  It  will  be  noted  also  that  the 
Chairman  'of  the  Finance  Committee  under  this  provision  will 
be  expected  to  sit  with  the  Council  and  advise  it  when  financial 
questions  are  under  consideration.  The  Council  will  have  expert 
advice  from  this  Committee  when  recjuired.  It  will  be  apparent 
also  that  by  this  provision  the  Finance  Committee  is  kept  in 
close  touch  with  the  Council. 

C  27.  It  is  hoped  that  the  Society  may  receive  bequests  as 
years  go  on.  Hence,  it  is  thought  that  a  provision  in  the  Con- 
stitution, stating  that  bequests  shall  be  invested  by  the  Council, 
and  become  a  permanent  fund,  and  not  be  used  for  current  ex- 
penses, would  commend  itself  to  the  favor  of  those  who  wish  to 
make  a  bequest  for  the  benefit  of  the  Society. 

C  28.  Is  a  provision  for  filling  vacancies  in  the  Council  in 
accordance  witli  the  corporation  law  of  the  State. 

C  29.  Specifies  the  procedure  in  case  of  the  death  of  a  Past 
President  who  was  a  member  of  the  Council. 

C  ol.     Is  the  law  of  the  State  of  New  York,  quoted  verbatim 
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ei  literatim  for  convenient  reference   by  the  officials  of    the 
Society. 

C  32.  Is  a  By-Law  from  a  kindred  Societj'^,  which  is  intended 
to  prevent  vexatious  discussions  on  past  subjects. 

C  36.  States  specifically  when  the  official  term  of  an  officer 
shall  commence,  and  also  makes  provision  in  case  a  candidate 
does  not  accept  the  office  to  which  he  has  been  elected. 

C  45.  Specifies  the  standing  Committees  of  the  Society. 
The  duties  of  each  of  the  Committees  are  specified  in  the  By- 
Laws,  and  it  will  be  noted  in  B  25— B  30  that  one  member  on 
each  of  these  Committees  is  appointed  each  year  to  serve 
5  years.  The  Committees  thus  become  continuous  bodies,  com- 
petent to  carry  out  a  definite  policy  in  Society  affairs.  The 
Committee  on  Meetings  (B  26)  is  a  new  Committee,  and  the 
Membership  Committee  (B  28)  carries  out  the  present  practice 
of  the  Society  under  the  existing  Rule  which  was  not  heretofore 
sj^ecified. 

C  49.  Puts  into  the  Constitution  the  present  practice  con- 
cerning Professional  Committees. 

C  52.  Is  a  new  section,  authorizing  sections  or  groups  of  the 
Society  under  such  conditions  as  the  Council  may  prescribe. 
This  covers  essentially  an  amendment  proposed  by  Mr.  Gus  C. 
Henning,  and  also  the  present  practice  of  the  American  Institute 
of  Electrical  Engineers.  The  section  has  been  carefully  drawn 
to  place  the  management  of  these  proposed  sections  entirely  in 
the  discretion  and  control  of  the  Council. 

C  56.  Is  a  new  section  in  relation  to  adoption  by  the  Society 
of  standards,  and  ])uts  into  the  Constitution  what  has  been  the 
unvarying  practice  of  the  Society  from  its  organization. 

C  57  and  58.  A  form  of  procedure  for  amending  the  Con- 
stitution which  requires  one  year. 

C  59..  Provides  for  amending  the  By-Laws  requiring  six 
months'  consideration. 

C  60.  Refers  to  the  Rules  (C  3)  which  can  be  amended  by 
the  Council  at  any  meeting. 

B  21.  By  this  ])rovision  the  Committees  are  made  responsible 
for  the  conduct  and  ilnancial  detail  of  their  appropriate  work. 
It  is  intended  that  the  Executive  Committee  should  take  charge 
of  detail  which  does  not  attach  to  the  Standing  Committees.  It 
incorporates  into  the  By-Laws  a  desirable  method  built  up  on 
the  present  practice. 
58 
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B  23.  By  specifying  monthly  meetings  of  the  Finance  Com- 
mittee that  body  should  be  in  close  touch  with  the  work  and 
needs  of  this  Society  during  the  year. 

B  32.  This  provision  affords  a  graceful  method  of  representa- 
tion at  various  functions  by  an  official  of  the  Society. 

K  5,  6,  and  8.  It  has  been  thought  advisable  to  incorporate 
with  some  emphasis  into  the  published  Rules,  the  practice  of  the 
Society  with  respect  to  brief  presentation  of  printed  papers  at 
the  meetings.  The  Committee  thinks  that  increased  interest 
and  discussion  will  both  be  secured  by  an  enforcement  of  these 
provisions. 

Respectfully  submitted, 

C.  W,  Hunt,  Chairman^ 

Jesse  M.  Smith  ^      •  7  ^ 

-rx    o    T  special  Comrmttee  on 

D.  h.  Jacobus  r    t^  i          t  nr  ^^    n 
T»    Tx   e.  liiites  and  Methods. 

K.  H.  boULE 

6.  M.  Basford 
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Special C  42 


BEPORT  OF  SPECIAL  COMMIITEE  ON  RULES  AND   METHODS.      899 
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"  grades  of C  6 
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Papers,  professional B  24,  R  4-1 1 
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"        term    of    office C  34,  36 
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Rights  in  the  Society C  12 

Rules,  how  amended C  60 

Secretary,  appointment,  duties  of C  38,  B  38 

"        in  the  Council C  26 

"        of  Standing  Connnittees C  50 

Sections  of  the  Society C  52 

Standards  shall  not  be  indorsed C  56 

Suspension  of  members C  24 

Technical  press C  54,  R  13 

Tellers  of  Election C  47,  1^  6-S,   15,  17,  34 

Term  of  office C  3 1,  36 

Title  of  the  Society CI 

Topical  subjects B  24 

Transactions  of  the  Society ('53,  54,  55 

Treasurer,  duties  of C  .19,  B  39 

"         term  of  office C  34 

Vacancies  in  office C  2S,  33.  40 

"         "  Committees B  22 

Vice-President,   meml)er  of  the  Council C  26,  34 

"  term  of  office C  34 

."  Honorary B  33 

Voters,   who  are CO.  IS,  B  6,  12 

"       in  arrears B  19 


900      REPORT  OF  SPECIAL   COMMITTEE  ON  RULES  AND   METHODS. 


AMERICAN    SOCIETY    OF    MECHANICAL 
ENGINEERS. 


COI^STITUTIOK 


NAME,    OBJECT   AND    GOVERNMENT. 

C  1.  The  title  of  this  Society  is  '^  The  American  Society  of 
Mechanical  Engineers." 

C  2.  The  object  of  the  Society  is  to  promote  the  Arts  and 
Sciences  connected  with  Engineering  and  Mechanical  Construc- 
tion. The  principal  means  for  this  purpose  shall  be  the  holding 
of  meetings  for  the  reading  and  discussion  of  prof essional  papers, 
and  for  social  intercourse;  the  publication  and  distribution  of  its 
papers  and  discussions ;  and  the  maintenance  of  an  Engineering 
Library. 

C  eS.  The  Society  shall  be  governed  by  this  Constitution,  and 
by  By-Laws  and  Rules  in  harmony  therewith. 

C  4.  The  Society  was  organized  as  a  Corporation  under  the 
laws  of  the  State  of  New  York,  April  7,  1880.  Its  offices  shall 
be  located  in  the  City  of  New  York. 

MEMBERSHIP. 

C  5.  Persons  connected  with  the  Arts  and  Sciences  relating 
to  Engineering  or  Mechanical  Construction  may  be  eligible  for 
admission  into  the  Society. 

C  6.  The  membership  of  the  Society  shall  consist  of  Hon- 
orary Members,  Members,  Associates  and  Juniors.  Honorary 
Members,  Members  and  Associates  are  entitled  to  vote  and  to 
hold  office.  Juniors  shall  not  be  entitled  to  vote  nor  to  be 
officers  of  the  Society,  but  shall  be  entitled  to  the  other  privileges 
of  membership. 

C  7.     Honorary  Members,  Members  and  Associates  are  en- 
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titled  to  vote  on  all  questions  before  any  meeting  of  the  Society, 
in  person  or  by  proxy,  given  to  a  voting  member.  A  proxy 
shall  not  be  valid  for  a  greater  time  than  six  months. 

C  8.  Honorary  Members  shall  be  persons  of  acknowledged 
professional  eminence,  and  their  number  shall  not  exceed  twenty- 
five  at  any  time. 

C  9.  A  Member  must  have  been  so  connected  with  Engi- 
neering as  to  be  competent,  as  a  designer  or  as  a  constructor, 
to  take  responsible  charge  of  work  in  his  branch  of  Engineering, 
or  he  must  have  served  as  a  teacher  of  Engineering  for  more 
than  five  years.     A  Member  shall  be  thirty  years  of  age  or  over. 

C  10.  An  Associate  nmst  either  have  the  other  qualifications 
of  a  Member  or  be  so  connected  with  Engineering  as  to  be  com- 
petent to  take  charge  of  engineering  work,  or  to  co-operate  with 
Engineers.  An  Associate  shall  be  twenty-six  years  of  age  or 
over. 

C  11.  A  Junior  must  have  had  such  engineering  exi>erience 
as  will  enable  him  to  fill  a  responsible  subordinate  position  in 
engineering  work,  or  ho  must  be  a  graduate  of  an  engineering 
school.     A  Junior  shall  be  twenty-one  years  of  age  or  over. 

C  12.  The  rights  and  privileges  of  every  Honorary  Member, 
Member,  Associate  and  Junior  shall  bo  personal  to  himself,  and 
shall  not  be  transferable  or  transmissible  by  his  own  act  or  by 
operation  of  law. 

ADMISSION. 

C  13.  Honorary  Jfombers  shall  be  nominated  by  at  least  ten 
members  of  the  Society.  The  grounds  upon  which  the  npmina- 
tion  is  made,  shall  be  ])rosentod  to  the  C^ouncil  in  writing. 

C  14.  All  apiilications  for  menibcrshii)  to  the  grades  of 
Member,  Associate  or  Junior  shall  bo  ])resented  to  the  Council, 
which  shall  consider  and  act  upon  each  a|)plication,  assigning 
each  approved  applictint  to  the  grade  of  membership  to  which, 
in  the  judgment  of  the  Council,  his  qualifications  entitle  him. 
The  name  of  each  candidate  thus  a])proved  by  the  Council,  shall, 
unless  objection  is  made  by  the  applicant,  l)e  submitted  to  the 
voting  membership  for  (Occtirm,  by  means  of  a  letter-ballot. 

C  15.  Associates  or  Juniors  desiring  to  change  their  grade  of 
membgrship  shall  make  ai)plication  to  the  Council  in  the  same 
manner  as  is  required  in  the  case  of  a  new  applicant. 
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C  16.  Election  to  membership  shall  be  by  a  sealed  letter- 
ballot  as  the  By-Laws  shall  provide.  Adverse  votes  to  the  num- 
ber of  two  per  cent,  of  the  votes  cast  shall  be  required  to  defeat 
the  election  of  an  applicant  for  any  grade  of  membership.  The 
Council,  may  in  its  discretion,  order  a  second  ballot  upon  a  de- 
feated applicant,  in  which  case  adverse  votes  to  the  number  of 
four  per  cent,  of  the  votes  cast,  shall  be  required  to  defeat  the 
election. 

C  17.  The  election  of  Honorary  Members  shall  be  by  a  vote 
of  the  Council  taken  by  letter-ballot,  as  provided  in  the  By-Laws. 
One  dissenting  vote  shall  defeat  such  election. 

C  18.  Each  person  elected,  excepting  Honorary  Members, 
shall  subscribe  to  this  Constitution,  and  shall  pay  the  initiation 
fee  before  he  can  be  entitled  to  the  rights  and  privileges  of 
membership.  If  such  person  does  not  comply  with  this  require- 
ment within  six  months  after  notice  of  his  election,  he  will  be 
deemed  to  have  declined  election.  The  Council  may,  thereupon, 
declare  his  election  void. 

INITIATION   FEES   AND   DUES. 

C  19.  The  initiation  fee  for  membership  in  each  grade  shall 
be  as  follows: 

For  Member t Twenty-five  Dollars, 

For  Associate Twenty-five  Dollars, 

For  Junior Fifteen  Dollars. 

C  20.  A  Junior,  on  promotion  to  any  other  grade  of  member- 
ship, shall  pay  an  additional  fee  of  Ten  Dollars. 

C  21.  The  annual  dues  for  membership  in  each  grade  shall 
be  as  follows: 

For  Member Fifteen  Dollars, 

For  Associate Fifteen  Dollars, 

For  Junior Ten  Dollars  for  the  first 

six  years  of  his  membership  and  thereafter  the 

same  as  for  an  Associate. 

C  22.  The  Council  may  in  its  discretion,  permit  any  Member 
or  Associate  to  become  a  Life  Member  in  the  same  grade,  by  the 
I)ayment  at  one  time  of  an  amount  sufficient  to  purchase  from 
the  Equitable  Life  Assurance  Societj^  of  Kew  York,  an  annuit)'' 
on  the  life  of  a  person  of  the  age  of  the  applicant  equal  to  the 
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annual  dues  in  his  grade.     Such  Life  Member  shall  not  be  liable 
thereafter  for  annual  dues. 

C  23.  The  Council  shall  have  the  power,  by  letter-ballot,  to 
admit  to  Life  Membership,  without  the  payment  of  a  life  mem- 
bership fee,  anj'-  person  Avho,  for  a  long  term  of  years,  has  been 
a  Member  or  an  Associate  when,  for  special  reasons,  such  pro- 
cedure would,  in  its  judgment,  promote  the  best  interests  of  the 
Society,  provided  that  notice  of  such  proposed  action  shall  have 
been  given  at  a  previous  meeting  of  the  Council.  One  dissent- 
ing vote  shall  defeat  such  admission. 

SUSPENSIONS   AND    EXPULSIONS. 

C  24.  Any  Member,  Associate  or  Junior  who  shall  leave  his 
annual  dues  unpaid  for  one  year,  shall  not  receive  the  volume  of 
Transactions  until  such  arrears  are  paid.  Any  Member,  Asso- 
ciate or  Junior  who  shall  leave  his  dues  unpaid  for  two  years, 
shall,  in  the  discretion  of  the  Council,  have  his  name  stricken 
from  the  roll  of  membership,  and  shall  cease  to  have  any  further 
rights  as  such. 

C  25.  The  Council  may  refuse  to  receive  the  dues  of  any 
member  of  any  grade,  wiio  shall  have  been  adjudged  by  the 
Council  to  have  violated  the  Constitution  or  By-Laws  of  the 
Society,  or  who,  in  the  opinion  of  the  Council  by  a  two-thirds 
vote,  sliall  have  been  guilty  of  conduct  rendering  him  unfit  to 
continue  in  its  membership;  and  the  Council  may  expel  such 
person  and  remove  his  name  from  the  list  of  members. 

TUE    COUNCIL. 

C  26.  The  affairs  of  the  Society  shall  be  managed  by  a  Board 
of  Directors  chosen  from  among  its  Members  and  Associates, 
which  shall  be  styled  ''  The  Council."  The  Council  shall  consist 
of  the  President  of  the  Society,  who  shall  be  the  i)residing  officer, 
six  Vice-Presidents,  nine  Managers,  the  Treasurer  and  five  Past 
Presidents.  Five  members  of  the  Council  shall  constitute  a 
quorum  for  the  transaction  of  business.  The  Secretary  may 
take  part  in  the  dolil>erations  of  the  Council,  but  shall  not  have 
a  vote  therein.  The  Chairman  of  the  Finance  Committee  shall 
attend  the  meetings  of  the  Council  and  take  part  in  the  discus- 
sion of  financial  questions  but  shall  not  have  a  vote. 
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C  27.  The  five  surviving  Past  Presidents  who  last  held  the 
office  shall  be  members  of  the  Council  with  all  the  rights,  priv- 
ileges and  duties  of  the  other  members  of  the  Council. 

C  28.  The  Council  thus  constituted  shall  be  the  legal  Trustee 
of  the  Society.  All  gifts  or  bequests  not  designated  for  a  specific 
purpose  shall  be  invested  by  the  Council,  and  only  the  income 
therefrom  may  be  used  for  current  expenses. 

C  29.  Should  a  vacancy  occur  in  the  Council,  or  in  any  elec- 
tive office  except  the  presidency,  through  death,  resignation  or 
other  cause,  the  Council  may  elect  a  Member  or  Associate  to  fill 
the  vacancy  until  the  next  annual  election. 

C  30.  The  Council  shall  regulate  its  own  proceedings,  and 
niay  by  resolution  delegate  specific  powers  to  an  Executive 
Committee  or  to  any  one  or  more  members  of  the  Council.  No 
act  of  the  Executive  Committee  or  of  a  delegate  shall  be.  binding 
until  it  has  been  approved  by  a  resolution  of  the  Council. 

C  31.  The  Council  shall  present  at  the  Annual  Meeting  of 
the  Society  a  report  verified  by  the  President  or  Treasurer  or 
by  a  majority  of  the  members  of  the  Council,  showing  the  whole 
amount  of  real  and  personal  property  owned  by  the  Society, 
where  located,  and  where  and  how  invested,  and  the  amount 
and  nature  of  the  property  acquired  during  the  year  immediately 
preceding  the  date  of  the  report,  and  the  manner  of  the  acquisi- 
tion; the  amount  applied,  appropriated  or  expended  during  the 
year  immediately  preceding  such  date,  and  the  purposes,  objects 
or  persons  to  or  for  which  such  applications,  appropriations  or 
expenditures  have  been  made;  also  the  names  and  places  of  resi- 
dence of  the  persons  who  have  been  admitted  to  membership  in 
the  Society  during  the  last  year,  which  report  shall  be  filed 
with  the  records  of  the  Society,  and  an  abstract  thereof  shall  be 
entered  in  the  minutes  of  the  proceedings  of  the  Annual  Meeting. 

C  32.  An  act  of  the  Council,  which  shall  have  received  the 
expressed  or  the  implied  sanction  of  the  membership  at  the  next 
subsequent  meeting  of  the  Society,  shall  be  deemed  to  be  the  act 
of  the  Society,  and  shall  not  afterwards  be  impeached  by  any 
member. 

C  33.  The  Council  may,  by  a  two-thirds  vote  of  the  members 
present,  declare  any  elective  office  vacant,  on  the  failure  of  its 
incumbent  for  one  year,  from  inability  or  otherwise,  to  attend 
the  Council  meetings,  or  to  perform  the  duties  of  his  office,  and 
shall  thereupon  appoint  a  Member  or  Associate  to  fill  the  vacancy 
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until  the  next  Annual  Meeting.     The  said  appointment  shall  not 
render  the  appointee  ineligible  to  election  to  any  office. 

OFFICERS. 

C  34.  At  each  Annual  Meeting  there  shall  be  elected  from 
among  the  Members  and  Associates: 

A  President  to  hold  office  for  one  year. 
Three  Vice-Presidents,  each  to  hold  office  for  two  j'^ears. 
Three  Managers,  each  to  hold  office  for  three  years. 
A  Treasurer  to  hold  office  for  one  year. 

C  35.  The  election  of  officers  shall  be  by  sealed  letter-ballot, 
as  the  By-Laws  shall  provide. 

C  36.  The  term  of  all  elective  officers  shall  begin  on  the  ad- 
journment of  the  Annual  Meeting  of  the  Society.  Officers  sliaU 
continue  in  their  respective  offices  until  their  successors  have  been 
elected  and  have  accepted  tlieir  offices. 

C  37.  A  President,  Vice-President  or  Manager  shall  not  be 
eligible  for  immediate  re-election  to  the  same  office  at  the  expira- 
tion of  the  term  for  which  he  was  elected. 

C  38.  The  Council,  at  its  first  meeting  after  the  Annual 
Meeting  of  the  Society,  shall  appoint  a  person  of  the  grade  of 
Member  to  serve  as  Secretary  of  the  Society  for  one  year,  sub- 
ject to  removal  for  cause  by  an  affinnative  vote  of  fifteen  mem- 
bers of  the  Council,  at  any  time  after  one  month's  written  notice 
has  been  given  him  to  show  cause  why  he  should  not  be  re- 
moved, and  he  has  been  heard  in  bis  own  defense,  if  he  so  de- 
sires. The  Secretary  shall  receive  a  salary  which  shall  be  fixed 
by  the  Council  at  the  time  of  his  appointment. 

C  39.  The  President,  Secretar}^  and  Treasurer  shall  ])erforni 
the  duties  legally  or  customarily  attaching  to  their  respective 
offices  under  the  Laws  of  the  State  of  Xew  York,  and  such  other 
duties  as  may  be  required  of  them  by  the  Council. 

C  40.  A  vacancy  in  the  office  of  President  shall  be  fiUetl  by 
the  Vice-President,  who  is  senior  by  age. 

MEETINGS. 

C  41.  The  Society  shall  hold  two  meetings  in  each  year.  The 
Annual  Meeting  shall  begin  in  Xew  York  City  on  the  first  Tues- 
day in  December,  and  a  Semi-Annual  Meeting  shall  be  held  at 
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such  time  and  place  as  the  Council  may  appoint.  Fifty  Members 
and  Associates  shall  constitute  a  quorum  for  the  transaction  of 
business. 

C  42.  Special  meetings  of  the  Society  may  be  called  at  any 
time  at  the  discretion  of  the  Council,  or  shall  be  called  by  the 
President  upon  the  written  request  of  fifty  members  entitled  to 
vote,  the  notices  for  such  meetings  to  state  the  business  for 
which  such  meeting  is  called,  and  no  other  business  shall  be 
entertained  or  transacted  at  that  meeting. 

C  43.  Any  appropriation  recommended  by  the  Society  at  a 
meeting  shall  not  take  efifect  until  it  has  been  approved  by  the 
Council. 

C  44.  Every  question  which  shall  come  before  a  meeting  of 
the  Society  or  of  the  Council  or  a  Committee,  shall  be  decided 
by  a  majority  of  the  votes  cast,  unless  otherwise  provided  in  this 
Constitution  or  the  By-Laws,  or  the  Laws  of  the  State  of  New 
York.  The  Council  may  order  the  submission  of  any  question 
to  the  membership  for  discussion  by  letter-ballot.  Any  meeting 
of  the  Society  at  which  a  quorum  is  present,  may  order  the  sub- 
mission of  any  question  to  the  membership  for  discussion  by 
letter-ballot. 

STANDING    COMMITTEES. 

C  45.  The  Standing  Committees  of  the  Society  to  be  ap- 
pointed by  the  President  sliall  be: 

Finance  Committee, 
Committee  on  Meetings, 
Publication  Committee, 
Membership  Committee, 
Library  Committee, 
House  Committee. 
C  46.     There  shall  be  a  John  Fritz  Medal  Committee  of  three 
members  appointed  as  provided  in  the  By-Laws. 
C  47.     The  Annual  Committees  shall  be: 
An  Executive  Committee,  appointed  by  the  Council. 
A  Nominating  Committee,  appointed  by  the  President. 
Tellers  as  required    by   the  By-Laws,   appointed   by  the 
President. 
C  48.     Special  Nominating  Committee: 

Twenty  or  more  members  entitled  to  vote  may  constitute 
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themselves  a  Special  Nominating  Committee,  with  the  same 
powers  as  the  Annual  Nominating  Committee. 

C  49.  Professional  Committees: 
The  Council  shall  have  power  to  appoint,  upon  a  recom- 
mendation of  the  Society  at  a  general  meeting,  or  upon  its  own 
initiative,  such  Professional  Committees  as  it  may  deem  desira- 
ble, to  investigate,  consider  and  report  upon  subjects  of  engineer- 
ing interest.  Keports  of  such  committees  may  be  accepted  by 
the  Society  and  printed  in  the  Transactions^  but  shall  not  be 
approved  or  adopted  as  the  action  of  the  Society.  Any  proposed 
expenses  of  such  committees  must  be  authorized  by  the  Council 
before  they  are  incurred. 

0  50.  Each  Committee  shall  perform  the  duties  required  of  it 
in  the  By-Laws,  or  assigned  to  it  by  the  Council.  The  Secretary 
of  the  Society  shall  be  the  Secretary  of  each  of  the  Standing 
Committees. 

C  51.  The  Council  may  at  any  time,  in  its  own  discretion, 
remove  any  or  all  members  of  any  Committee,  except  a  Nom- 
inating Committee;  and  the  vacancy,  arising  from  this  or  from 
any  other  cause,  shall  be  filled  by  appointment  by  the  President, 
except  a  vacancy  in  the  Executive  Committee,  which  shall  be 
filled  by  the  Council. 

SECTIONS   OF   THE    SOCIETY. 

0  52.  The  Council  may,  in  its  discretion,  authorize  the  or- 
ganization of  sections  or  groups  of  any  or  all  grades  of  member- 
ship, for  professional  or  scientific  pur])oses  which  are  in  harmony 
with  the  Constitution  and  By-Laws  of  this  Society.  Such  sec- 
tions or  groups  may,  in  tlie  discretion  of  the  Council,  be  geo- 
graphical or  professional,  and  shall  have  such  powers,  and  act 
under  such  rules  and  regulations  as  the  Council  may  from  time 
to  time  prescribe. 

TRANSACTIONS. 

C  53.  The  official  record  of  technical  pai)ers  and  discussion, 
shall  be  known  as  the  Tnoh^artionx  of  the  Society,  and  shall  be 
published  under  the  direction  of  tlio  Council.  There  may  be 
included  therein,  the  annual  rei>ort  of  the  Council,  reports  of 
Committees,  and  business  records  of  the  Society. 
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C  54.  The  Society  shall  claim  no  exclusive  copyright  to  any 
papers  read  at  its  meetings,  or  any  reports  or  discussions  thereon, 
except  in  the  matter  of  their  official  publication  under  the  So- 
ciety's imprint  as  its  Transactions.  The  policy  of  the  Society 
shaU  be  to  give  the  professional  and  scientific  papers  read  before 
it  the  widest  circulation  possible,  with  the  view  of  making  the 
work  of  the  Society  known,  encouraging  Engineering  progress 
and  extending  the  professional  reputation  of  its  members. 

C  55.  The  Society  shall  not  be  responsible  for  statements  or 
opinions  advanced  in  papers  or  in  discussions  at  its  meetings. 
Matters  relating  to  politics  or  purely  to  trade  shall  not  be  dis- 
cussed at  a  meeting  of  the  Society,  nor  be  included  in  the 
Transactions. 

C  56.  The  Society  shall  not  approve  or  adopt  any  standard 
or  formula,  or  approve  any  engineering  or  commercial  enterprise. 
It  shall  not  allow  its  imprint  or  name  to  be  used  in  any  commer- 
cial work  or  business. 

AMENDMENTS   TO   THE   CON8TITTJTION. 

C  57.  At  any  semi-annual  meeting  of  the  Society  any  mem- 
ber may  propose  in  writing  an  amendment  to  this  Constitution. 
Such  proposed  amendment  shall  not  be  voted  on  at  that  meeting, 
but  shall  be  open  to  discussion  and  to  such  modification  as  may 
be  accepted  by  the  proposer.  The  proposed  amendment  shall 
be  mailed  in  printed  form  by  the  Secretary  to  each  member  of 
the  Society  entitled  to  vote,  at  least  sixty  days  previous  to  the 
next  annual  meeting,  accompanied  by  comment  by  the  Council, 
if  it  so  elects.  At  that  annual  meeting  such  proposed  amend- 
ment shall  be  presented  for  discussion  and  finai  amendment,  and 
shall  subsequently  be  submitted  to  all  members  entitled  to  vote, 
provided  that  twenty  votes  are  cast  in  favor  of  such  submission. 
The  final  vote  on  adoption  shall  be  by  sealed  letter-ballot,  clos- 
ing at  twelve  o'clock  noon  on  the  first  Monday  of  March 
following. 

C  58.  The  letter-ballot,  accompanied  by  the  text  of  the  pro- 
posed amendment,  shall  be  mailed  by  the  Secretary  to  each 
member  of  the  Society  entitled  to  vote  at  least  thirty  days  pre- 
vious to  the  closure  of  the  voting.  The  ballots  shall  be  voted, 
canvassed  and  announced  as  provided  in  the  By-Laws.  The 
adoption  of  the  amendment  shall  be  decided  by  a  majority  of  the 
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votes  cast.  An  amendment  shall  take  effect  on  the  announce- 
ment of  its  adoption  by  the  Presiding  Officer  of  the  semi-annual 
meeting  next  following  the  closure  of  the  vote. 

AMENDMENTS   TO   BY-LAWS   AND   RULES. 

C  59.  For  the  further  ordering  of  the  affairs  of  the  Society, . 
the  Council  may,  by  a  two-third  vote  of  its  members  present, 
amend  the  By-Laws  in  hannony  with  this  Constitution,  pro- 
vided that  a  written  notice  of  such  proposed  amendment  shall 
have  been  given  at  the  previous  regular  meeting  of  the  Council ; 
and  provided  further  thjit  the  Secretary  shall  have  mailed  to 
each  member  of  the  Council  a  copy  of  such  proposed  amend- 
ment, at  least  thirty  days  in  advance  of  the  meeting  of  the 
Council  at  which  action  is  to  be  taken.  The  amendment  shall 
take  effect  immediately  on  its  passage  by  the  Council.  The 
Secretary  shall  at  once  mail  a  copy  of  such  amendment  to  the 
members  of  all  grades. 

C  60.  The  Council  may,  by  a  majority  vote  of  the  members 
present  at  any  meeting,  establish,  amend  or  annul  Kulcs  for  the 
conduct  of  the  business  affairs  of  the  Society ;  for  the  ordering 
and  conduct  of  its  professional  or  business  meetings;  and  for 
guidance  of  its  committees  in  their  work  and  reports;  provided 
that  such  Rules  are  in  harmony  -with  the  Constitution  and  By- 
Laws  of  the  Society. 

CONSTITUTION    (iOKH    INTO    EFFECT. 

C  61.  This  Constitution  sliall  supersede  all  previous  Rules  of 
the  Society,  and  shall  go  into  effect  on  the  announcement  by  the 
Presiding  Officer  of  its  adoption. 


CANDIDATES    FOK    MEMHEKSHIP. 

B  1.  A  candidate  for  admission  to  the  Society  as  a  Member 
or  as  an  Associate  must  make  ap])li(*ation  on  a  form  ap)>rovod  by 
the  Council,  upon  which  ho  sliall  write  a  statement  giving  a 
complete  account  of  his  (pialilications  and  engineering  exiierience, 
and  an  agreement  that  he  will,  if  elected,  conform  to  the  Con- 
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stitution,  By-Laws  and  Rules  of  the  Society.  He  must  refer  to 
at  least  five  Members  or  Associates  to  whom  he  is  personally 
known. 

B  2.  Applications  for  membership  from  Engineers  who  are 
not  resident  in  the  United  States  or  Canada,  and  who  may  be 
so  situated  as  not  to  be  personally  known  to  five  Members  of  the 
Society,  as  required  in  the  foregoing  paragraph,  may  be  recom- 
mended for  ballot  by  five  members  of  the  Council,  after  suflBcient 
evidence  has  been  secured  to  show  that  in  their  opinion  the  appli- 
cant is  Avorthy  of  admission  to  the  grade  which  he  seeks. 

B  3.  A  candidate  for  admission  to  the  Society  as  a  Junior 
must  make  application  in  the  same  manner  as  provided  for  Mem- 
bers, except  that  he  must  refer  to  not  less  than  three  Members 
or  Associates  to  w^hom  he  is  personally  known. 

B  4.  References  shall  not  be  required  of  candidates  for  Hon- 
orary Membership. 

B  5.  The  references  for  each  candidate  for  admission  to  the 
Society  shall  be  requested  to  make  a  confidential  communication 
to  the  Membership  Committee,  setting  forth  in  detail  such  in- 
formation, personally  known  to  referee,  as  shall  enable  the 
Council  to  arrive  at  a  proper  estimate  of  the  eligibility  of  the 
candidate  for  admission  to  the  Society. 

ELECTION    OF   MEMBERS. 

B  6.  The  Secretary  shall  mail  to  each  member  entitled  to 
vote,  at  least  thirty  days  in  advance  of  each  annual  or  semi- 
annual meeting,  a  ballot  stating  the  names  and  the  respective 
grades  of  the  candidates  for  membership  in  the  Society  which 
have  been  approved  by  the  Council,  and  the  time  of  the  closure 
of  voting.  The  voter  shall  prepare  his  ballot  by  crossing  out 
the  names  of  candidates  rejected  by  him,  and  shall  enclose  said  bal- 
lot in  a  sealed  blank  ballot  envelope  which  he  shall  then  enclose  in 
a  second  sealed  outer  envelope  on  which  he  shall,  for  identifica- 
tion, write  his  name  in  ink.  The  ballot  thus  prepared  and  en- 
closed shall  be  mailed  or  delivered  unopened  to  the  Tellers  of 
Election.  The  Secretary  shall  certify  to  the  competency,  and 
the  signature  of  all  voters.  On  the  closure  of  voting,  the  Tellers 
of  Election  shall  first  open  and  destroy  the  outer  envelopes,  and 
shall  then  canvass  the  ballots,  and  certify  the  result  to  the  meet- 
ing of  the  Society. 
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B  7.  The  Tellers  shall  not  receive  any  ballot  after  the  stated 
time  of  the  closure  of  voting.  A  ballot  without  the  endorsement 
of  the  voter,  written  in  ink  on  the  outer  envelope,  is  defective, 
and  shaU  be  rejected  by  the  Tellers  of  Election. 

B  8.  The  names  of  those  persons  elected  to  membership,  with 
their  respective  grades,  shall  be  embodied  in  a  written  report, 
signed  by  the  Tellers,  and  presented  to  the  next  meeting  of  the 
Society.  The  President  shall  then  declare  them  duly  elected  to 
membership  in  the  Society.  The  Tellers  may,  through  the 
Secretary,  in  advance  of  any  meeting  advise  each  candidate  of 
the  result  of  the  canvass  of  the  votes  in  his  case.  The  names  of 
applicants  who  are  not  elected  shall  neither  be  announced  nor 
recorded  in  the  Transactions, 

B  9.  The  endorsers  of  an  applicant  who  has  not  been  elected, 
may,  with  his  consent,  present  to  the  Council  a  written  request 
for  a  re-submission  of  his  name  to  ballot.  The  Council  may,  in 
its  discretion,  by  a  three- fourths  vote  of  the  members  present, 
order  the  name  of  the  applicant  placed  on  the  next  ballot  for 
members. 

B  10.  Election  to  Honorary  Membership  shall  be  by  letter- 
ballot  of  the  Council.  A  notice  of  such  proposed  election  shall 
be  mailed  by  the  Secretary  to  each  member  of  the  Council  at 
least  sixty  days  in  advance  of  the  date  set  for  the  closure  of 
such  election. 

B  11.  Each  person  elected  to  membership,  except  an  Hon- 
orary Member,  must  subscribe  to  the  Constitution,  By-Laws  and 
Kules  of  the  Society,  and  pay  the  initiation  fee  before  he  can 
receive  a  certificate  of  membership  in  the  Society. 

ELECTION    OF   OFFICERS. 

B  12.  The  Secretary  shall  mail  to  each  meml)or  entitled  to 
vote,  at  least  thirty  days  before  tlie  Annual  Meeting,  tlie  names 
of  the  candidates  for  office  proposed  for  election  by  the  Nom- 
inating Committee. 

B  13.  The  names  of  the  candidates  proposed  by  the  Nom- 
inating Committee  or  Committees,  and  tlie  respective  offices  for 
which  they  are  candidates,  sliall  be  ])rinted  in  separate  lists  on 
the  same  ballot  sheet,  each  list  of  candidates  to  be  printed  under 
the  names  of  the  members  of  the  particular  committee  which 
proposed  it. 


912     REPORT  OF  SPECIAL  COMMITTEE  ON   RULES  AND   METHODS. 

B  14.  The  name  of  any  candidate  on  the  ballot  may  be 
erased,  and  the  name  of  any  person  qualified  to  hold  the  office 
written  in  its  stead.  Tlie  voter  shall  make  a  cross  with  a  pen 
or  pencil  before  the  name  of  each  candidate  for  office  for  whom 
he  wishes  to  vote.  The  ballot  thus  prepared  must  be  voted  and 
canvassed  in  the  same  manner  as  for  the  election  of  members. 

B  16.  At  the  first  session  of  the  Annual  Meeting,  the 
Tellers  of  Election  of  Officers  shall  canvass  the  votes  cast  for 
the  officers  of  the  Society  in  the  manner  prescribed  for  the  elec- 
tion of  members,  and  immediately  report  the  result  of  the  can- 
vass to  the  meeting.  The  President  shall  then  announce  the 
candidates  having  the  greatest  number  of  votes  for  their  respec- 
tive offices,  and  declare  them  elected  for  the  ensuing  year. 

B  16.  In  case  of  a  tie  in  the  vote  for  any  officer,  the  Presi- 
dent or,  in  his  absence,  the  Presiding  Officer  shall  cast  the  decid- 
ing vote. 

B  17.  A  ballot  which  contains  more  names  marked  by  a  cross 
on  it  than  there  are  officers  to  be  elected,  is  thereby  defective, 
and  shall  be  rejected  by  the  Tellers. 

FEES    AND    DUES. 

B  18.  The  initiation  fee  and  annual  dues  of  the  first  year 
shall  be  due  and  payable  on  notice  of  election  to  membership, 
and  upon  tliat  payment  the  member  will  be  entitled  to  the  Trans- 
(Kdiona  for  the  year.  Thereafter  the  annual  dues  shall  be  due 
and  payable  on  the  first  day  of  October  in  each  year. 

B  19.  A  member  in  arrears  for  one  year  shall  not  be  entitled 
to  vote  until  such  arrears  have  been  paid.  Should  the  right  to 
vote  l)e  (juestioned,  the  books  of  the  Society  shall  be  conclusiva 
evidence. 

B  20.  The  Secretary  shall  present  to  the  Council  the  name  of 
any  Member,  Associate  or  Junior  in  arrears  for  more  than  one 
year,  and  such  member  shall  not  receive  the  TrmisactionsViX\W\ 
such  arrears  are  fully  paid.  A  ])erson  dropped  from  the  rolls 
for  non-payment  of  dues  may,  in  the  discretion  of  the  Council, 
be  restored  to  the  privileges  of  membership,  upon  pajnnent  of 
all  arrears. 

FINANCIAL    ADMINISTRATION. 

B  21.  The  Council  at  its  first  meeting  in  each  fiscal  year, 
shall  consider  the  recommendations  of  the  Finance  Committee 
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concerning  the  expenditure  necessary  for  Ihe  work  of  the  Society 
during  that  year.  The  apportioning  of  the  work  of  the  Society 
among  the  various  Standing  and  other  Committees  shall  be  on 
a  basis  approved  by  the  Council  and  in  harmony  with  the  Con- 
stitution and  By-Laws.  The  appropriations  approved  by  the 
Council,  or  so  much  thereof  as  may  be  required  for  the  work  of 
the  Society,  shall  be  expended  by  the  various  Committees  of  the 
Society,  and  all  bills  against  the  Society  for  such  expenditure 
shall  be  certified  by  the  Committee  making  the  expenditure  and 
shall  then  be  sent  to  the  Finance  Committee  for  audit.  Money 
shall  not  be  paid  out  by  any  officer  or  employee  of  the  Society 
except  upon  bills  duly  audited  by  the  Finance  Committee,  or  by 
resolution  of  the  Council. 

COMMITTEES. 

B  22.  The  President  within  one  month  after  the  Annual 
Meeting  shall  fill  all  vacancies  in  the  Standing  Committees  by 
appointment  from  the  membership  of  the  Society. 

Each  of  the  Standing  and  the  Annual  Committees,  shall,  at 
their  first  meeting  after  the  Annual  Meeting,  elect  a  Chairman 
to  serve  for  one  year.  The  President  shall  a])point  the  Chair- 
man of  each  Professional  Committee.  A  member  of  a  Standing 
Committee  whose  term  of  office  has  expired,  shall  continue  to 
serve  until  his  successor  shall  have  been  appointed. 

FINANX'E    (COMMITTEE. 

B  23.  The  Finance  Committee  shall  consist*  of  five  Members 
or  Associates.  The  term  of  oflice  of  one  member  of  the  Com- 
mittee shall  expire  at  the  end  of  eacli  Annual  Meeting.  This 
Committee  shall,  in  the  discreticm  of  the  Council,  have  a  super- 
vision of  the  financial  affairs  of  tlio  Society,  including  the 
books  of  account.  The  Conunitteo  may  cause  the  accounts  of 
the  Society  to  be  audited  and  approved  annually  by  a  cliartered 
or  other  competent  public  accountant.  The  Committee  shall 
hold  monthly  meetings  for  the  audit  of  bills  and  such  other  busi- 
ness as  shall  come  before  it  and  shall  deliver  to  the  Secretary  for 
presentation  to  the  Council  at  the  end  of  cacli  liscjil  yc^ar,  are- 
port  of  the  financial  condition  of  the  Society  for  the  past  year, 
and  also  shall  present  therewitli  a  detailed  estimate  of  the  prob- 


914      REPORT  OF  SPECIAL  COMMITTEE   ON   RULES   AND  METHODS. 

able  incomo  and  expenditure  of  the  Society  for  the  following 
twelve  months.  It  shall  make  recommendations  to  the  Council 
as  to  investments,  and,  when  called  upon  by  the  Council,  advise 
upon  financial  questions. 

COMMITTEE   ON   MEETINGS. 

B  24.  The  Committee  on  Meetings  shall  consist  of  five  per- 
sons who  may  be  members  of  any  grade.  The  term  of  office  of 
one  member  of  the  Committee  shall  expire  at  the  end  of  each 
Annual  Meeting.  It  shall  be  the  duty  of  the  Committee  to  pro- 
cure professional  papers,  to  pass  upon  their  suitability  for  pres- 
entation, and  to  suggest  topical  subjects  for  discussion  at  the 
meetings.  The  Committee  may  refer  any  paper  presented  to 
the  Society  to  a  person  or  persons,  especially  qualified  by  the- 
oretical knowledge  or  practical  experience,  for  their  suggestions 
or  opinions  as  to  the  suitability  of  the  paper  for  presentation. 
Papers  from  non-members  shall  not  be  accepted  except  by  unan- 
imous vote  of  the  Committee. 

The  Committee  shall  arrange  the  programme  of  each  meeting 
of  the  Society,  and  shall  have  general  charge  of  the  entertain- 
ments to  be  provided  for  the  members  and  guests  at  each  meet- 
ing. It  shall  prohibit- the  distribution  or  exhibition  at  the  head- 
quarters or  at  the  meeting  places  of  the  Society  of  all  advertising 
circulars,  pamphlets  or  samples  of  commercial  apparatus  or 
machinery.  At  the  end  of  each  fiscal  year,  the  Committee  shall 
deliver  to  the  Secretary  for  presentation  to  the  Council,  a  de- 
tailed report  of  its  work. 

PUBLICATION    COMMITTEE. 

B  25.  The  Publication  Committee  shall  consist  of  five  Mem- 
bers or  Associates.  The  term  of  office  of  one  member  shall  ex- 
pire at  the  end  of  each  Annual  Meeting.  The  Committee  shall 
review  all  papers  and  discussions  which  have  been  presented  at 
the  meetings,  and  shall  decide  what  papers  or  discussions,  or 
parts  of  the  same,  shall  be  printed  in  the  Transactions  of  the 
Society.  The  Committee  will  be  expected  to  publish  all  such 
data  as  will  be  of  assistance  to  engineers  or  investigators  in  their 
work.  At  the  end  of  each  fiscal  year,  the  Committee  shall 
deliver  to  the  Secretary  for  presentation  to  the  Council,  a  de- 
tailed report  of  its  work. 


REPORT  OF  SPECIAL  COMMITTEE  ON   RULES  AND   METHODS.      915 
MEMBERSHIP    COMMITTEE. 

B  26.  The  Membership  Committee  shall  consist  of  five  Mem- 
bers or  Associates.  The  term  of  office  of  one  member  of  the 
Committee  shall  expire  at  tlie  end  of  each  Annual  Meeting.  It 
shall  be  the  duty  of  this  Committee: 

To  meet  monthly  to  receive  and  scrutinize  all  appli- 
cations for  membership  to  the  Society. 
To  send  to  each  voting  member  the  name,  qualifica- 
tions, engineering  experience  and  references  of 
each  applicant,  together  with  extracts  from  the 
Constitution  and  By-Laws  relating  to  member- 
ship. 
To  seek  further  information  as  to  the  qualifications 
of  an  applicant,  ^vhose  evidence  of  eligibility  is 
not  clear  to  the  Committee. 
To  report  to  each  session  of  the  Council  the  names 
of  all  applicants  under  consideration  together 
with  tlie  action  of  the  Committee  on  each. 
The  Committee  shall  at  once  destroy  all  correspondence  in 
relation  to  each  applicant  w^ien  his  name  has  been  placed  on  the 
ballot  by  order  of  the  Council,  or  upon  the  withdrawal  of  the 
application. 

LIBRARY    COMMITTEE. 

B  27.  The  Library  Committee  shall  consist  of  five  Members, 
Associates  or  Juniors.  The  term  of  office  of  one  member  of  the 
Committee  shall  expire  at  tlie  end  of  each  Annual  Meeting.  It 
shall  be  the  duty  of  the  Library  Committee  to  take  charge  of 
the  Library  of  the  Society,  the  historical  relics,  the  paintings 
and  objects  of  art,  and  to  recommend  to  the  (-ouncil  suitable 
rcfnilations  for  their  care  and  use.  At  the  end  of  each  fiscal 
year,  the  Committee  shall  deliver  to  the  Secrctiiry,  a  detailed 
report  of  its  work. 

HOUSK    COMMITTEK. 

B  28.  The  House  Committee  shall  consist  of  five  Arembers, 
Associates  or  Juniors.  The  term  of  office  of  one  member  of  the 
Committee  shall  cxjnre  at  the  end  of  each  Annual  Meeting.  It 
shall  be  the  duty  of  the  House  Comnnttee  to  have  the  care, 
management  and  maintenanco  of  the  house  of  the  Society  and 
its  furnishings.     They  may  make  rules  for  the  care  and  the  use 
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of  the  Society  House,  subject  to  the  approval  of  the  Council. 
At  the  end  of  each  fiscal  year,  the  Committee  shall  deliver  to 
the  Secretary  a  detailed  report  of  its  work. 

EXECUTIVE   COMMITTEE. 

B  29.  The  Council  shall  appoint  from  its  members  an  Execu- 
tive Committee  to  act  for  the  Council  during  the  interval  between 
its  sessions.  The  Committee  shall  make  a  report  of  its  acts  to 
each  session  of  the  Council  for  approval.  The  Secretary  may 
take  part  in  the  deliberations  of  the  Executive  Committee,  but 
shall  not  have  a  vote  therein. 

NOMINATING   COMMITTEES. 

B  30.  A  Nominating  Committee  of  five  Members,  not  mem- 
bers of  the  Council,  shall  be  appointed  by  the  President  within 
three  months  after  he  assumes  office.  It  shall  be  the  duty  of 
this  Committee  to  send  to  the  Secretary  on  or  before  October 
first  the  names  of  consenting  nominees  for  the  elective  offices 
next  falling  vacant  under  the  Constitution.  Upon  the  request 
of  any  Member  or  Associate,  the  Secretary  shall  furnish  to  the 
applicant  the  names  of  such  nominees. 

B  81.  A  special  Xominating  Committee  if  organized,  shall, 
on  or  before  October  twentieth,  present  to  the  Secretary  the 
names  of  tlie  candidates  nominated  by  it  for  the  elective  offices 
next  falling  vacant  under  the  Constitution,  together  with  the 
written  consent  of  each. 

JOHN    FRITZ    MEDAL    COMMITTEE. 

B  32.  The  John  Fritz  Medal  Committee  shall  consist  of  three 
persons  of  the  grade  of  Member,  to  be  appointed  by  the  Council. 
The  term  of  office  of  one  member  of  tliis  Committee  shall  expire 
at  the  end  of  each  annual  meeting.  The  duty  of  this  Committee 
shall  be  to  represent  the  Society  in  the  Board  of  Trustees  of  the 
John  Fritz  Medal  Fund  Corporation. 

REPRESENTATIVE    DELEGATES. 

r>  38.  The  C^ouncil  may  in  its  discretion  appoint  a  member 
or  members  of  the  Society  or  other  person  or  persons  to  repre- 
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sent  it  at  meetings  of  Societies  of  kindred  aim  or  at  public 
functions.  Such  delegates  shall  be  designated  as  ''  Honorary 
Vice-Presidents,"  and  their  duties  shall  tenninate  with  the  occa- 
sion for  which  they  were  appointed. 

TELLERS. 

B  34.  The  Presiding  Officer  shall,  at  the  first  session  of  the 
Annual  Meeting,  appoint  three  Tellers  of  Election  of  officers, 
whose  duties  shall  be  to  canvass  the  votes  cast,  and  report  the 
result  to  the  meeting.  Their  term  of  office  shall  terminate 
Avhen  their  report  of  the  canvass  is  presentcil  to  the  meeting. 

B  35.  The  President  within  one  month  after  assuming  office 
shall  appoint  three  Tellers  of  Election  of  members  to  serve  for 
one  year,  whose  duties  shall  be  to  canvass  the  votes  cast  for 
members  during  the  year,  and  to  certify  the  same  to  the  Presi- 
dent. They  shall  notify  candidates  through  the  Secretary  of 
the  result  of  such  election. 

B  36.  The  President  shall  appoint  three  Tellers  to  canvass 
any  letter-ballots  which  shall  be  ordered  by  the  Council  or  by 
the  Society. 

MEETING  a. 

B  37.  The  meetings  of  the  Society  shall  continue  from  day 
to  day  as  the  meeting  may  decide.  The  business  session  of  the 
Annual  Meeting  shall  be  held  on  Wednesday  following  the  first 
Tuesday  of  December.  Tho  ])r()fossional  sessions  for  the  reiiding 
of  papers  shall  be  held  at  sudi  times  and  ])laees  as  the  meeting 
may  appoint.  Notices  of  all  ni<;etin<rs  of  th(}  Society  shall  be 
mailed  by  the  Secretary  to  inemix^rs  of  all  grades  not  less  than 
thirty  days  before  the  date  of  such  meeting. 

SKf'IiKTAK'V. 

B  3S.  The  Secretary  of  the  Soeiety  shall  be  the  S<5cretary  to 
the  Council  and  also  to  caeh  of  th**  Standing  Committees. 

The  Secretary  sli;ill,  under  thr*  s'lju-rv  ision  of  the  Finance 
Committee,  have  ehar^rc  of  the  Kooks  of  Account  of  the  Soci(;ty. 

He  shall  make  and  roilrct  :ill  bills  jiL^iinst  members  or  others. 

He  shall  have  charg<*  of  :i|]   bills  ngainst  the  Srjciety,  shall 


918      REPORT  OF  SPECIAL   COMMITTEE   ON   RULES   AND  METHODS. 

keep  an  account  of  the  same,  and  shall  present  them  in  proper 
form  to  the  Finance  Committee  for  audit. 

AU  funds  received  by  any  person  for  the  Society,  shall  be  de- 
livered to  the  Secretary.  He  shall  immediately  enter  them  in 
the  Books  of  Account,  and  shall  immediately  deposit  such  funds 
as  he  receives,  to  the  credit  of  the  Society,  in  a  Bank  to  be  des- 
ignated by  the  Council. 

TREASURER. 

B  39.  The  Treasurer  shall  make  payments  only  on  the  audit 
of  the  Finance  Committee,  or  upon  the  direction  of  the  Council, 
by  resolution  of  that  body.  He  shall  furnish  a  bond  for  the 
faithful  performance  of  his  duties  to  such  amount  as  the  Council 
may  require,  such  bond  to  be  procured  from  an  incorporated 
Guarantee  Company,  at  the  expense  of  the  Society. 

TITLES,    EMBLEMS,    CERTIFCATE. 

B  40.  Each  Member  and  Associate  shall,  subject  to  such  rules 
as  the  Council  may  establisli,  be  entitled  on  request,  to  a  certifi- 
cate of  membership,  signed  by  tlie  President  and  Secretary  of 
the  Society.  Every  sucli  certificate  shall  remain  the  property 
of  the  Society,  and  shall  be  returned  to  it  on  demand  of  the 
Council. 

B  41.  Each  proxy  authorizing  a  person  to  vote  for  an  absent 
member,  shall  l>e  signed  by  such  absent  member,  with  an  attest- 
ing witness,  and  be  submitted  to  the  Secretary  for  verification 
of  the  member's  right  to  vote  at  the  meeting  at  which  the  right 
is  to  be  exercised. 

B  42.  The  emblem  of  each  grade  of  membersliip  approved 
by  the  Council  shall  be  worn  by  those  only  who  belong  to  that 
grade.  The  official  stationary  sliall  be  used  only  by  Officers 
and  Committees  of  the  Society. 

B  43.  The  abbreviation  of  the  titles  of  the  various  grades  of 
membersliii)  approved  by  the  Society  are  as  follows: 

For  Honorary  Members,     .     .  Hon.  Mem.  Am.  Soc.  M.  E. 

For  Members, Mem.  Am.  Soc.  M.  E. 

For  Associates, Assoc.  Am.  Soc.  M.  E. 

For  Juniors, Jun.  Am.  Soc.  M.  E. 
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RULES. 

E  1.  The  Secretary's  oflBce  shall  be  open  on  business  days 
from  9  A.M.  to  5.30  p.m.  During  the  Annual  Meeting,  tlie  ofllro 
shall  be  open  from  9  a.m.  to  10  p.m.  A  register  shall  bo  kept 
for  each  regular  meeting,  to  record  the  attendance  of  members 
and  guests. 

R  2.  The  Secretary  shall  provide  a  numbere<l  ba<lge  or  jnn 
for  each  member  or  guest  attending  the  regular  mefjtings,  the 
number  on  the  badges  to  correspond  with  the  memljcr's  of 
guest's  number  on  the  register. 

R  3.  The  Secretary  shall  at  each  regular  mrieting  of  the  Ho- 
ciety  distribute  at  the  headquarters  a  printed  list  of  the  names 
registered  at  the  meeting. 

R  4.  Copies  of  papers  to  be  read  and  discussf^il  at  any  incit- 
ing shall  be  sent  to  each  meml^er  thirty  (hiys  in  Jixlvance  of  tluit 
meeting.  A  paper  received  too  late  for  such  distribution  shall 
only  be  accepted  for  presentation  at  that  meeting  by  unanimous 
consent  of  the  Committee  on  ifwitings.  A  bljinU  shall  accoin. 
pany  the  papers  by  which  a  memlxir  may  signify  his  inUmtion 
to  discuss  any  of  the  pafx^rs.  and  priority  in  dobabf  shall  Ih;  givon 
in  the  order  of  the  receipt  by  the  .^v-cretary  of  such  notification. 

R  5.  At  professional  s^.-ssions,  each  pa|>^;r  shall  U;  toauI  by 
abstract  onh%  ten  minutes  U;ing  allowr^I  t^;  the  Jiuthor  for  the 
presentation,  unless  otherv.ise  onlere*!  by  the  rue^-ting. 

R  f].  A  meml>er  who  has  tri^'en  notice  (pf  his  intention  to  #lis- 
cnss  a  paper,  and  shrjll  have  red. iced  his  di.scus-.iori  to  v/ritin^r. 
shall  be  entitie<l  to  ten  rninut^-s  for  its  pnr-/ntJjriori 

R  7.  Each  sfieak»-r  shali  h*-  lirni^^r^l  to  fi  .e  ifjii.ri*^--  in  t!."  on^I 
discussion  of  a  paj»*.*r.  unlf-iS  ^he  tir/i^:  -.tr^ijl  :>-•  f-y.^'-rjlfti  u: 
unanimous  consent.  A  rri'^rinr^rr  ".r,*,  ''j,i-,  or.^/-  ;.;i<i  ■/.«:  floor 
cannot  claim  it  ajrain  nr.\\\  ■^:.\  r':.'-  o^-.j-i-,  ;.;;.■.'•  tf^-^-u  iJ-uiA  v.r.o 
desire  to  speak  on  *.\.ix\  \>i'^/:v.  /•..'.:. or-:  ;f./i.v  ;,;».*:  i\  /t-  lu.rr.^f--. 
to  close  the  di.scTi.r.-:..r.  or^;  *;.^-  '''•''/■r. 

R  S.     Memriers  '»'-..%..>.':  \>  >s\\^-:.*\  *.;>:  ...('A-^  .-./j  :•...;  :  -.(wA  a  '!.-,- 


cussion  of  any  {»i>r! 
retary. 

R».  TneCo:.-  :.: 
tary  such  |jafi^r-,  ;.- 
professional  mf^ri:-.  ^v 


r     r       */.         ,C-      'ift-.i-*,'- 1-*\ 
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II  10.  The  Secretary  sliall  Lave  sole  possession  of  papers  and 
illustrations  between  the  time  of  their  approval  by  the  Commit- 
tee on  Meetings,  and  their  presentation  to  the  professional  session 
of  the  Society. 

R  11.  After  the  presentation  and  discussion  of  a  paper,  a 
copy  of  both  shall  be  sent  to  the  author,  and,  so  far  as  possible, 
a  copy  of  the  reported  discussion  shall  be  sent  to  each  member 
who  presented  it,  with  the  request  that  he  correct  errors  or 
omissions,  and  return  the  same  ])romptly  to  the  Secretary. 

R  12.  Members  may  order  rei)rints  of  ])ai>ers  at  a  price  suffi- 
cient to  cover  the  cost  to  the  Society,  provideil  that  said  copies 
are  not  for  sale. 

R  13.  The  Seci'etary  may  furnish  to  the  author  twenty  copies 
of  his  pa|H?r  without  charge.  lie  may  also  furnish  to  the  tech- 
nical press  such  |>ajH?rs  in  advance  of  the  meeting  as  they  may 
wish  to  publish  after  presentation  to  the  meeting  of  Society. 

R.  14.  The  entertainments  to  bo  pn^videil  for  the  members 
and  guests  at  any  meeting  of  this  Six?iety  in  any  city  shall  be  in 
charge  of  a  Local  Committee,  subjt\*t,  however,  to  the  general 
approval  of  the  Committee  on  ileetings. 

R  15.  A  memlH?r  may  invito  a  non-meml>er  to  the  profes- 
sional sessions  of  the  moisting,  but  the  guest  shall  not  take  j>art 
in  the  piHX*eiHlinirs  without  an  invitation  from  the  Presiding 
Officer.  Invitations  to  gnosis  of  momlKM's  for  the  entertain- 
ments providiHl  for  the  Sivioiy  shall  bo  in  the  discretion  of  the 
Local  CommittiV. 

R  Uk  The  SixMoty  House  sl.all  Iv  open  at  all  hours  for  access 
to  memlvi's.  Tho  Library  shall  Iv  ojvn  on  all  week  days  be- 
tween the  hours  of  l'»  o\'Kvk  a.m.  and  l«»  o*oUvk  p.m.  It  shall 
be  o<>nduotoil  as  a  Friv  Public  Koforon«.v  l.ibn^rv  of  Ensrineerinir 
and  tho  AlliiHl  Arts  and  Soionoos. 

R  IT,  Juniors  who  wore  oUvtixl  to  momlvi'siiip  in  the  Society 
six  years  or  nu>ro  previous  to  tiio  ado]^: ion  o:  this  Constitution, 
shall  ]v>y  tho  s;\m»^  duos  as  ar.  Ass*via:o.  iVirinning  with  the 
tisciil  year  wi.ioli  o]vns  afior  sv.v";  ai;oi>:i,^r..  Juniors,  who  have 
been  eWttnl  loss  ti  av.  s'\  yoai^  lv:\  tv  :V.:,:  da:o,  shall  ]iay  the 
dues  of  an  Ass^xiato  on  :ho  oxpimiU^u  o:  six  years  after  their 
election. 
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No.  9r9.» 

SPECIFICATIONS  FOR  BOILER  PLATE,  RIVET  STEEL. 
STEEL   CASTINGS  AND  STEEL  FORCINGS. 

Professor  Spangler, — You  may  remember  the  conditions  under 
ivhich  this  Committee  was  appointed,  but  to  make  it  entirely 
clear  I  would  like  to  go  into  the  history  of  it  just  a  little.  There 
is  a  society  known  as  the  American  Society  for  Testing  Mate- 
rials, which  was  the  outgrowth  of  the  International  organization 
of  which  we  have  heard  a  great  deal  at  meetings  of  this  Society. 
Committees  No.  1  of  that  Society  ])re])ared  a  series  of  specifica- 
tions, and  Mr.  Webster,  at  the  re(]uest  of  Mr.  Ilutton,  presented 
these  specifications  at  a  meeting  of  this  Society,  and  asked  that 
a  committee  be  appointed  on  this  particular  subject-  A  com- 
mittee of  five  was  a])i)ointed,  consisting  of  Mr.  Oamp,  Mr. 
Kent,  Mr.  Morison,  Mr.  Waitt  and  myself.  In  the  usual  way 
copies  of  these  specifications  were  sent  to  various  members  of 
the  Society,  with  the  usual  result — that  is,  in  a  few  cases,  after 
writing  two  or  three  letters,  ro])lios  were  received.  The  Com- 
mittee decided  to  submit,  at  this  time,  a  report  to  the  Society, 
subject  to  revision,  asking  that  the  report  be  sent  to  all  members 
of  the  Society,  that  something  like  a  full  written  discussion  from 
members  who  are  interested  in  tlie  subject  might  be  had,  and 
that  a  revised  report  be  formulated  at  some  future  time. 

It  seems  to  me  to  b(^  the  proj)er  proce(hire  tliat,  after  tliis 
Society  has  finished  wliatever  work  it  may  decide*  to  do,  the 
rei)ort,  together  with  the  re])ort  of  all  tlie  coniiiiittees  of  other 
societies  that  may  be  working  on  tlie  siibj(;ct,  sliould  go  back  to 
Committee  K"o.  1 — that  is,  any  rejiort  that  we  mi<rht  make 
should  be  rather  an  advisory  re|)ort  tlian  jm  att(»in])t  at  a  linalitv. 
This  Committee  Jso.  1  is  tin?  C'omniitt(,*e  whicli  will  linally, 
I  believe,  formulate  s}M'cifications  uiid«'r  wliicli  v/oi'k  of  this  sort 
is  to  l>c  done. 

With  this  as  an  introduction,  yr)nr  romniitUM'  would  n'spcrtt- 
fiilly  report  as  follows: 


Apfj<'inlix  Xo.  1  t«j  tin-  l*roc<<<Iiiijr^. 
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SPECIFICATIONS  FOR   BOILER  PLATE,   RIVET  STEEL,   STEEL 
CASTINGS  AND  STEEL  FORGINGS. 

This  report  is  sent  out  subject  to  revision,  and  the  Committee  asks  that 
written  discussion  be  sent  to  its  chairman  that  the  results  may  be  incorporated 
in  the  final  report  to  be  presented  at  the  New  York  meeting  of  the  Society. 

The  Committee  to  which  was  referred  the  question  of  specifications  for  boiler 
plate,  rivet  steel,  steel  castings  and  steel  forpjinj^s,  reports  that  it  has  used  the 
specifications  prepared  by  the  American  Branch  of  Committee  No.  1  of  the 
International  Association  for  Testinj:^  Materials,  of  which  Mr.  Wm.  R.  Webster 
is  Cliairman,  as  the  basis  of  its  work,  and  the  changes  hereafter  noted  are  recom- 
mended in  these  specifications. 

1.  That  the  maxinunn  'sulphur  in  flange  or  boiler  steel  be  reduced  from 
.05  to  .04. 

2.  That  the  tensile  strength  be  specified  as  stated  in  the  table  with  an  allow- 
able variatioii  of  5,000  pounds.  Tliat  fire  box  steel  be  specified  at  55,000  pounds 
instead  of  57,000  poimds  per  square  inch.  That  the  determination  of  the  yield 
point  for  ordinary  grades  be  omitted. 

3.  The  tensile  strength  of  castings  has  been  modified,  the  specified 
value  desired  being  stated,  and  the  variation,  5,000  pounds,  being  allowed. 
The  values,  as  recommended  by  Committee  No.  1 ,  and  by  this  Committee,  are 
as  follows: — 

Com.  No.  I's.  Recommended  by 

Minimum.  Committee. 

Soft 60,000  60,000  ±  5,000 

Medium 70,000  70,000  ±  5,000 

Hard   85,000  80,000  ±  5,000 

4.  Tl^e  ek)ngation  in  8  '  is  stated  instead  of  in  2"  and  an  increase  in  elongatioh 
of  25%  is  callcHl  for  on  tlio  2  '  spccTnicn. 

For  a  2"  specimen  from  castings  the  corresponding  elongations  are: 

Recommended  by  this 
Com.  No.  1.  Committee. 

Soft 22%  20% 

Medium 1S%  17.5% 

Hard    15%.  15% 

5.  Tliat  the  8"  specimen  be  made  tlie  standard  specimen  and  the  2"  to  be 
used  only  when  it  is  inconvenient  to  use  tlie  8". 

6.  Tliat  nickel  steel  forgings  and  oil  tempered  forgings  be  not  included  in 
tluR  specification,  because  tlie  present  state  of  the  art  docs  not  warrant  general 
specifications  being  drawn  for  tliese  materials. 

7.  That  for  soft  or  low  carbon  steel  forgings  the  chemical  requirements  be 
not  over  .()()  phosphorous,  and  .05  sulphur,  instead  of  .10  phosphorous  and 
.10  carbon. 

8.  That  for  "carbon  stool  not  annealed"  the  term  "medium  steel"  be  used, 
and  that  tho  sulpliur  be  reduced  from  .0()  to  .05  per  cent. 

0.  That,  wliorovor  it  is  desirable  that  the  elastic  Hmitbe  determined,  an 
extcnsonietor  bo  used,  and  tliat  the  elastic  Umit  be  taken  as  "that  point  at 
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which  the  elongation  in  8"  per  1,000  pounds  of  added  stress  per  sciiiare  inch 
first  exceeds  four  ten-thousandths  of  an  inch."* 

10.  The  remainder  of  the  specifications  of  Committee  No.  1  arc  rcconnnendetl 
for  adoption,  and  are  here  re-arranged. 


Standard  Specifications  for  Steel  Boiler  Pl^vte,  Rivets,  Castings  and 

Forcings. 

Process  of  Maiiufacture. 

Boiler  Plate  and  Rivet  Steel  shall  be  made  by  the  open  hearth  process. 
Castings  and  Forgings  are  to  be  made  by  the  open  heartli,  crucil)le,  or  Bessi- 
mer  process. 

Castings  are  to  be  annealed  or  unannealeil  as  specified. 

Tensile  Tests. 

Test  piece — The  standard  test  specimen  shall  be  eight  inches  (8")  gauged 
length.    The  standard  shape  is  shown  in  Fig.  145. 
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Fig.  145. 

Width  of  specimen  along  the  parallel  section  shall  be  li  inches,  whenever 
pos.sibIe. 

Thickness  of  specimen  shall  be  one-lialf  inch  or  over,  whenever  possible. 

Plates — ^Two  opposite  sides  shall  be  the  rolled  surfaces  if  not  over  /-inch  thick. 

Rivets — Rivet  rounds  and  small  rolled  l.)ars  shall  be  'estetl  full  size  as  rolled. 

Castings  and  Forgings — Spc^cimen  may  be  j)lan(Ml  j)anillel  sided  or  turnwl 
parallel  for  not  less  than  0  inches  in  len<rth,  the  smallest  dimension  being  }-inch, 
if  possible. 

When  it  is  inconvenient  to  use  the  stnndard  test  specimen  the  specimen 
may  be  made  as  shown  in  Fk;.  1  h».  In  every  such  specimen  the  elonjration 
in  two  inches  will  be  25%  greater  than  that  si)ecified  for  the  .standard  specimen. 


Number  of  Test  Spfcimcns. 

If  a  tensile  8p>ecimen  develops  flaws  or  breaks  outside  tlie  middle  tliinl  of 
its  gauged  length,  another  may  be  .substituted. 


♦The  "apparent  clastic  limit,"  suirirested  by   Prof.  .1.   15.  Johnson  and  re- 
stated by  Kent  hi  Transactions  of  Mining  Iinginnrs,  lOO.S. 
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Plates — One  from  each  plate  as  it  is  rolled. 
Rivet  Rounds. — Two  from  each  melt. 

Castings  and  Forgings — Depending  upon  the  character  and  importance  of 
the  piece. 

Location  of  Test  Specimens. 

Castings — A  test  piece  shall  be  cut  cold  from  a  coupon  to  be  molded  and 
cast  on  some  portion  of  one  or  more  castings  from  each  melt  or  blow,  or  from 
the  sink-heads  (in  case  heads  of  sufficient  size  are  used.)  The  coupon  or  sink- 
head  must  receive  the  same  treatment  as  the  casting  or  castings,  before  the 
specimen  is  cut  out,  and  before  tlie  coupon  or  sink-head  is  removed  from  the 
casting. 

Forgings — The  test  specimen  shall  be  cut  cold  from  the  forging  or  full-sized 
prolongation  of  tlie  same  parallel  to  the  axis  of  the  forging  and  half  way  be- 
tween the  center  and  outside,  the  specimens  to  be  longitudinal,  i.e.,  the  length 


of  tlie  specimen  to  correspond  with  the  direction  in  which  the  metal  is  most 
drawn  out  or  worked.  When  forgings  have  large  ends  or  collars,  the  test 
specimens  shall  be  taken  from  a  prolongation  of  the  same  diameter  or  section 
as  that  of  the  forging  \n\ck  of  the  large  end  or  collar.  In  the  case  of  hollow 
shafting,  either  forged  or  bored,  the  specimen  shall  be  taken  within  the  finished 
section  prolonged,  half  way  between  the  inner  and  outer  surface  of  the  wall  of 
the  forging. 

Bending  Tests. 

Bending  test  may  be  made  either  by  pressure  or  by  blows. 

Cold  bending  tests  are  to  be  made  on  the  material  in  the  condition  in  which 
it  is  to  be  used.  For  a  quenched  bending  test  the  specimen  shall  be  heated 
to  a  light  cherry-rod  as  seen  in  the  dark,  and  quenched  in  water,  the  tempera- 
ture of  wliirh  is  between  80"  and  90°  Fahrenheit. 


Test  Specimen. 

Plates — One  and  one-half  inches  wide  and  if  f-inch  or  less  in  thickness  with 
opposite  faces  rolled.  If  over  ?-inch  thick,  specimen  may  be  reduced  to  J-inch. 
Edges  are  to  be  milled  or  planeil. 
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Rivet  Rounds — Tested  full  size  as  rolled. 

Castings  and  Forgings — Specimen  one  inch  by  one-half  inch. 

Numltcr  of  Test  Specimens. 

Plates — One  cold  bending  and  one  quenched  l)ending  specimen  from  each 
plate  as  it  is  rolled. 

Rivet  Rounds — Two  cold  bending  and  two  quenched  bending  specimens  for 
each  melt. 

Location  of  Specimen. 

Castings  and  Forgings — As  specified  for  tension  specimen. 

Chem  ical  A  nalysis. 

Turnings  from  tensile  specimen,  drillings  from  tensile  or  bending  8]3ecimen 
or  drillings  from  small  test  ingot  may  be  used  for  chemical  analysis. 

For  locomotive  fire  box  steel  check  analysis  may  be  required  from  the  tensile 
specimen  of  each  plate  as  rolled. 

Drop   Test. 

A  test  to  destruction  may  be  sul)stituted  for  the  tensile  test,  in  the  ca.se  of 
small  or  unimportant  castings,  by  selecting  three  castings  from  a  lot.  This 
test  shall  show  the  material  to  be  ductile  and  free  from  injurious  defects,  and 
suitable  for  the  purposes  intendcnl.  A  lot  shall  consist  of  all  castings  from 
the  same  melt  or  blow,  annealed  in  the  same  furnace  charge. 

Pcrchsttion  Teat- 

Large  castings  are  to  1h»  su^jMrndcrd  and  iKnnmcred  all  over.  No  cracks, 
flaws,  defects,  nor  weakness  shall  app(*Jir  after  such  treatment. 

Homogentitif  Test  for  Fire  Box  Steel- 

A  sample  taken  from  a  broken  t«?nsilf  test  specimen ,  shall  not  sliow  any 
single  seam  or  cavity  more  tliaii  c>iu.»-fonrth  inch  (\")  long  in  either  of  the  three 
fractures  obtained  as  de»*cribefl  belr)w. 

A  portion  of  the  broken  ten-ile  siweimen  is  either  niekwl  with  a  chisel  or 
grooved  on  a  machine,  tnuisversely  about  a  sixteenth  of  an  iiiHi  ''j'^')  dc»<'p, 
in  three  places  about  two  inches  ''2"»  apart.  ,Tlie  first  groove  should  be  marie 
on  one  side,  two  inches  (2")  from  the  ^rpiare  end  of  the  specimen;  the  s«M'f»nd, 
two  inches  (2")  from  it  on  the  opjKj-ite  <i«le;  and  the  third,  two  inches  ('2") 
from  the  last,  and  on  the  oppo<i«e  side  from  it.  The  te«t  specimen  is  then 
put  in  a  vice,  with  the  first  trroove  about  n  quarter  nf  an  inr-h  ''}'  ;  al>o\e  the 
jaws,  care  being  taken  to  holrl  it  firmly.  The  iirr»j'"Mn:r  end  of  the  te-^t  speei- 
men  is  then  broken  off  by  inean-  of  a  Imnmier.  a  n»Mijbr-r  of  Iii:)»t  bIow«  beini: 
used,  and  the  l>endinir  beini:  awav  frorii  t^e  i:roo\r'.  'I'he  «-|ie«inieri  i«  broken 
by  the  other  two  grrKive<  in  tl.r  ^nrm*  wmv.  The  olije/-t  of  thi-  tre.-itni-nt  i^ 
to  open  and  render  visible  to  tlie  4'\i-  ;ir,v  -r-am-  rhw-  u*  failun-  to  weld  up.  or 
to  foreign  interposed  matter,  <jr  ravitie-  due  tr»  ira-  bubb!*-  iii  th*-  inirot.    After 
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rupture,  one  side  of  each  fracture  is  examined,  a  pocket  lense  being  used  if  nec- 
essary, and  the  leiigtli  of  the  seams  and  cavities  is  determined. 

Branding. 

Every  finished  piece  of  steel  plate  shall  be  stamped  with  the  melt  number, 
and  each  plate,  casting  or  forging  and  the  coupon  or  test  specimen  cut  from 
it,  shall  be  stamped  with  a  separate  identifying  mark  or  number.  Rivet  steel 
may  be  shipped  in  bundles  securely  wired  together  with  the  melt  number  on 
a  metal  tag  attached. 

Variation  in  Weight. 

The  variation  in  cross  section  or  weight  of  more  than  2i  per  cent,  from  that 
specified  will  be  sufficient  cause  for  rejection,  except  in  the  case  of  sheared 
plates,  which  will  be  covered  by  the  following  permissible  variations: 

Plates  12i  pounds  per  square  foot  or  heavier,  up  to  100  inches  wide,  when 
ordered  to  weight,  shall  not  average  more  than  2i  per  cent,  variation  above 
or  2i  per  cent,  below  the  theoretical  weight.  When  100  inches  wide  and  over 
5  per  cent,  above  or  5  per  cent,  below  the  theoretical  weight. 

Plates  under  12i  pounds  per  square  foot,  when  ordered  to  weight,  shall  not 
average  a  greater  variation  than  the  following: 

Up  to  75  inches  wide,  2J  per  cent,  above  or  2i  per  cent,  below  the  theoretical 
weight.  75  inches  wide  up  to  100  inches  wide,  5  per  cent,  above  or  3  per  cent, 
below  the  theoretical  weight.  When  100  inches  wide  and  over  10  per  cent, 
above  or  3  per  cent,  below  the  theoretical  weight. 

For  all  plates  ordered  to  gauge,  there  will  be  permitted  an  average  excess 
of  weiglit  over  tliat  corresponding  to  the  dimensions  on  the  order  equal  in 
amount  to  that  specified  in  the  following  table: 


Tadle  of  Allowances  for  Overweight  for  Rectangular  Plates  When 
Ordered  to  Gauge. 

Plates   will   be  considered   up   to  gauge  if  measuring  not  over  y/jj^-inch  less 
than  the  ordered  gauge. 
The  weight  of  1  cubic  inch  of  rolled  steel  is  assumed  to  be  0.2833  pound, 

Plates  {-inch  and  over  in  thickness. 


Width  of  Plate. 

ThickncPH  of  plate. 
Inch. 

Up  to^Sinclictf. 
Percent. 

75  to  100  inches. 
Per  cent. 

Over  100  inches. 
Per  cent. 

i 

10 

14 

18 

h 

8 

12 

16 

i 

7 

10 

13 

i^.r 

C) 

8 

10 

} 

5 

7 

9 

A 

^ 

6i 

8i 

§ 

4 

6 

8 

Over  g 

3i 

5 

6i 
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Up  to  50  iuches. 
Per  cent. 

50  incht'H  uiid  above. 
Per  cunt. 

10 

15 

81 

12i 

7 

10 

Plates  under  \  inch  in  thickness. 

Width  of  Plate. 

Thickness  of  plate. 
Inch. 

4  up  to  A 

A     "    i 

Finish. 

All  material  must  have  workmanlike  finish. 

Plates  must  l)c  free  from  injurious  surface  defects  and  laminations. 

Castings  nmst  be  true  to  pattern,  free  from  blemish,  flaws  or  shrinkage  cracks. 
Bearing  surfaces  shall  be  solid  and  no  porosity  shall  !)e  allowed  in  positions 
where  the  resistance  and  value  of  the  castings  for  the  purpose  intended  will 
be  seriously  affected  thereby. 

Forgings  must  be  free  from  cracks,  flaws,  seams  or  other  injurious  imper- 
fections, and  must  confomi  to  dimensions. 


Inspection. 
The  inspector  representing  the  purchaser  sliall  have  all  reasonable  facilities 
afforded  to  him  by  tlie  manufacturer  to  satisfy  him  that  the  finished  material 
is  furnished  in  accordance  with  these  specifications.     All  tests  and  inspections 
shall  l)e  made  at  the  place  of  manufacture,  prior  to  shipment. 
Respectfully  submitted, 

H.  W.  Spaxgler,  Chairman. 


I 


Chemical  Propeutieh. 


Steel. 


Phos-        Kulphnr 
phoruM  (not      MuiicancBe, 

(not  ovtT),  '     ovon.       i)or  cent. 
|)erccnt.     percent. 


Ik)ILERpLATE&| 

Rivet:         I 
Extra  soft ...  i       .04 

\   Acid,   .04  / 

/   Basic,  .O.S  s 

Flange    or  i  ;Acid,  .0()  / 

boiler  .  . . .  /    Basic.  .04  \ 


Fire  box.. 


.04 
.04 

.04 


.80  to.  50 
.30  to.  50 


:^)to.r)0 


I 


FoRGIN'OS :  ! 

Soft 06  I  .05     ' 00,(H)0  ,  22 

Medium I        .00  ,  .05  70.<HM)  I  10 

High .04  I  .04     I SO,fK)0*  '•  IS 

Castings.    (When  physical  rcquin-inonts  arc  not  specified  carbon  must  be  Ic.ss 
than  40  per  cent,  and  phosphorus  less  than  .OS  per  cent.) : 


PHY-^K'AL  Propkuties. 


BENDIN(i. 


*:: 

**"  «J 

Tensile 
Htrength, 

if 

it 

bfiS 

Iby.  jxT  Ku.  in. 
(Allowable 

s7 

2- 

variation,     . 

5*  ? 

i:^- 

?T 

±  S.CMOll).-*.) 

^-?, 

c  t 

Ws 

L,« 

'^ 

()0,(X)0  2S  t 

55.00f)       I  201 


60,000 


25  t 


Flat.  ISO 

'Flat.  ISO 

I 

Flat.  ISO 


;^o 
;^5 


r 


ISO 
ISO 
ISO 


Soft 
Medium . 
Hard  . . . 


.05 

.05 

.05 

.05 

.05 

.05 

60,000 
70,000 
SO,IMM) 

i   16 

n 
:  12 

30 

1   20 

1 

1  ' 
1 

120 

*  For  carbon  steel,  to  be  annealeil  and  haviiJK  no  diaincfor  nor  thickno"-s  creator  than 
10  inches,  allow  a  reduction  of  1.(MM)  ixKinil.-*  for  each  additinnal  inch  in  diaiiictor  or  in 
thJckneM  of  section. 

t  For  nnaterial  over  }  inch  thick  derluct  1  per  cent,  for  each  i  inch  e.xces.-..  P'or  rnatrrial 
under  1^  inch  thick  deduct  2^  per  cent,  for  eaG;b  lo  iuch  decrea^sc. 

60 
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The  Committee  submits  this  as  a  tentative  report,  and  asks 
for  it  the  careful  consideration  of  the  members  of  the  Society 
who  are  interested  in  the  subject. 

Mr,  Ilenning. — From  what  Professor  Spangler  has  said  I  am 
simply  amazed-  There  are  statements  made  in  the  report  which 
cannot  be  supported.  The  determination  of  a  very  important 
property  indicated  by  the  "  yield  point "  has  been  drop])ed  be- 
cause it  has  become  the  custom  in  our  mills  to  run  machines  at 
such  speed  as  to  make  it  impossible  to  determine  it.  Now,  I  am 
going  to  stand  and  figlit  for  this,  the  determination  of  this  point, 
until  I  am  dead.  It  is  time  to  i)ut  a  stop  to  such  preposterous 
audacity.  I  tell  you,  gentlemen,  as  engineers,  that  w^e  should 
rather  determine  the  permanence  and  the  actual  strength  of  all 
machines  and  structures,  not  by  the  ultimate  resistance,  the 
breaking  point,  but  solely  by  the  location  of  the  yield  point, 
that  point  at  which  the  material  begins  to  change  its  shape  per- 
manently. A  lathe,  a  machine,  a  bridge  or  boiler,  once  it  begins 
to  change  its  shape  permanently,  is  ruined.  It  has  become  the 
custom  in  this  country  to  run  testing  machines  at  such  speed 
that  no  one  can  tell  whether  the  beiim  is  floating  at  zero  and  in- 
dicating the  load  that  is  transmitted  to  the  test  piece,  and  I  am 
ready  to  })rove  that  in  court  or  anywhere  else.  Under  such  con- 
ditions it  is  absolutely  impossible  to  determine  the  yield  point  or 
any  other  facts.  The  elastic  limit  is  something  we  need  not  talk 
about,  because  it  is  difficult  to  determine,  exce])t  by  the  most 
sensitive  apparatus.  The  ijiethod  here  described  is  absolutely  in- 
accurate. I  will  tell  you  why.  When  you  determine  the  one- 
thousandth  of  an  inch  of  elongation  it  can  only  be  done  by  ap- 
plying a  load  to  the  test  piece  and  taking  a  reading  by  very  deli- 
cate apparatus ;  it  must  read  to  the  ten-thousandth  of  an  inch  in 
order  to  get  accurately  the  thousandths  of  inches.  AVhen  you  take 
a  reading  and  stop  the  load  and  then  reload  that  material,  it  begins 
to  stretch  slightly,  but  the  yield  point  will  thereby  be  raised. 

I  wish  to  ])revent  such  a  report  going  into  print.  What  I  am 
stating  are  well  known  facts. 

Therefore,  I  do  not  want  such  specifications  proposed  when 
there  are  methods  for  determining  the  yield  point  accurately — 
by  simply  running  the  testing  machine  at  a  ])roper  speed.  I  re- 
])eat,  that  by  running  a  machine  as  rajndly  as  stated,  no  one  can 
know  whether  the  beam  is  ke])t  floating  by  the  loads  applied  or 
by  inertia,  and  I  object  most  strongly  to  such  statements  appear- 
ing  at  this  late  date  in  a  report  of  this  society. 


UNITED   STATES   AKMY   GUN   FACTORY.  929 


Mo.  »80.» 

UNITED     STATES    ARMY    GUN    FACTORY,     WATER- 
VLIET  ARSENAL,   N.    Y. 

BT  JOHN  M.  B.  SCUEELE,  WASHINGTON,  D.  C. 

(Junior  Member  of  the  Society.) 

1.  The  object  of  this  paper  is  to  give  a  general  description, 
and  is  particularly  intended  for  those  members  who  will  have  an 
opportunity  to  visit  the  United  States  army  gun  factory  at 
Watervliet  Arsenal,  New  York,  where  the  largest  and  most  pow- 
erful gun  in  the  world  has  been  built.  It  is  the  only  Government 
army  gun  factory  in  the  country.  Work  of  similar  character  is 
also  being  done  at  the  Washington  navy  yard  for  the  naval 
service. 

2.  Watervliet  arsenal  was  established  in  1813  as  a  military 
establishment  principally  for  the  manufacture  of  field,  siege  and 
sea-coast  carriages.  Field  carriages  and  leather  equii)ment  work 
continued  to  be  manfactured  at  the  arsenal  up  to  the  establish- 
ment of  the  gun  factory  in  1887,  when  the  harness  manufactur- 
ing was  transferred  to  Eock  Island  arsenal,  and  later  on  the  field 
carriage  manufacturing  was  also  transferred  to  the  same  arsenal. 
The  shop,  built  in  1887,  is  now  used  and  es])ecially  equipped  for 
the  manufacture  of  field  and  siege  guns,  which  is  a  distinct  and 
separate  department  from  the  sea-coast  gun  shop. 

In  the  south  wing  of  the  field  and  siege  gun  shop  will  be  seen 
an  annealing  furnace  designed  and  built  by  the  Kockwell  Engi- 
neering Company,  of  New  York,  for  the  purpose  of  heating  the 
jackets  and  hoops  before  their  shrinking  on  the  field  guns.  This 
furnace  is  built  in  a  cemented  ])it  fifteen  feet  deep  below  floor 
level,  leaving  eighteen  feet  above  the  floor;  the  outside  diameter 
of  shell  is  12  feet  by  |  of  an  inch  thick.  It  is  fired  by  means  of 
several  oil  burnei's  using  kerosene  as  fuel,  which  furnishes  the 

•Presented  at  the  Saratoga  meeting  (June,  19;K])  of  tlio  American  Society 
of  Mechanical  Ekigineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 
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desired  range  of  temperature  variable  at  will  from  800  to  1,400 
degrees  Fahr.* 

The  demand  for  sea-coast  guns  of  large  calibres  necessitated 
the  erection  of  a  shop  exclusively  for  this  purpose.  A  shop 
1,000  feet  in  length  was  built;  the  north  wing  with  the  central 
section  being  600  feet  by  130  feet  wide,  completed  and  in  pro- 
ductive order  in  1890;  the  south  wing  400  feet  by  150  feet  wide 
assumed  its  activity  in  1895. 

3.  The  sea-coast  gun  shop  is  equipped  with  about  forty  gun 
lathes,  classified  as  gun  lathes,  jacket  and  hoop  lathes,  which  are 
capable  of  handling  guns  up  to  sixteen  inches  in  calibre.  Of 
the  lathes  four  have  a  capacity  to  take  in  assembled  16-inch 
guns. 

All  boring,  reaming,  turning,  and  facing  operations  of  the 
tubes,  jackets,  large  hoops  and  the  assembled  guns  are  performed 
in  these  lathes;  short  hoops  are  usually  turned,  bored  and  faced 
in  regular  boring  and  turning  mills  or  in  cylinder  boring  ma- 
chines. In  addition  to  the  above-named  tools,  special  machines 
are  also  available  for  the  principal  remaining  operations  on  the 
gun,  such  as  rifling  the  bore,  threading  and  slotting  the  breech. 

A  large  number  of  modern  standard  machine  tools  are  used  for 
the  making  of  the  breech  mechanisms  which  are  fitted  to  each 
gun.  The  metal  employed  in  gun  construction  is  low  carbon 
steel,  melted  by  the  open  hearth  process  and  cast  into  suit- 
able ingots  at  the  works  of  the  manufacturers.  The  forgings 
as  received  at  the  army  gun  factory  are  tempered,  annealed, 
and  rough-machined  all  over.  Approximately  twenty  per  cent, 
to  twenty-five  per  cent,  of  metal  is  removed  by  the  various  tools 
and  appliances  at  the  gun  shop  for  producing  the  finished  guns. 

4.  Of  the  five  overhead  travelling  cranes  in  the  shop,  the 
largest  has  a  capacity  of  130  tons.  It  is  the  usual  practice  to 
convey  material  and  assembled  guns  exceeding  five  tons  in  weight 
by  these  cranes  and  transport  lighter  pieces  by  means  of  shop 
trucks  and  the  hoisting  facilities  in  the  side  aisles. 

The  central  section  contains,  besides  the  steam  and  electric 
plant,  a  shrinkage  pit  excavated  in  the  solid  rock.  The  pit  is 
provided  with  two  furnaces,  operated  by  oil  and  high  pressure 
steam,  for  heating  the  parts  or  hoops  before  uniting  to  form  the 

*  The  temperature  can  either  be  kept  constant  throughout  the  entire  height 
of  the  furnace  or  be  varied  to  the  extent  of  100  degrees  Fahr.,  the  higher  tem- 
perature either  being  at  top  or  bottom  of  the  furnace. 
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whole,  built  up  or  hooped  gun.  In  the  central  section  is  also 
located  the  tgol  room,  where  the  mo^t  accurate  gauges,  jigs  and 
tools  used  for  the  various  operations  are  made.  An  assortment 
of  tools  is  also  kept  in  this  room  conveniently  arranged  with 
regard  to  the  frequency  of  their  use. 

Opposite  the  tool  room,  on  the  other  side  of  the  shop,  arc  the 
smith  fires,  ail  smith  work  being  under  the  direction  of  the 
master  mechanic,  except  the  tool-dressers,  who  are  under  the 
immediate  supervision  of  the  foreman  of  the  tool  room. 

5.  In  the  central  section  of  the  sea-coast  gun  shop,  south  of 
the  steam  and  electric  plant,  is  a  department  provided  with  a 
transfer  comparator,  designed  for  laying  off  the  distances  defined 
on  a  line  standard  bar,  establishing  definite  distances  between 
or  over  the  ends  of  contact  points  for  the  adjustment  of  end 
measures,  either  for  interior  gauge  rods  and  measures  or  for 
exterior  diameter  calipers.  Its  capacity  is  from  zero  to  seventy 
inches  for  gauge  rods,  and  five  to  seventy-five  inches  for  exterior 
calipers.  (This  machine  was  manufactured  at  Watertown  Arsenal, 
Massachusetts.) 

Oatside  and  in  front  of  this  latter  department  will  be  seen  the 
so-called  star  gauge  instruments  used  for  the  control  measuring 
of  the  bore  in  the  guns.  Its  operation  is  based  on  the  principles 
of  four  micrometers,  placed  radially  in  a  star-shai>ed  body 
attached  to  a  long  tube. 

6.  The  management  of  the  army  gun  factory  is  under  the 
direct  supervision  of  a  conunanding  anuy  officer,  who  is  held 
responsible  for  the  general  administration  and  all  work  done  in 
the  shops. 

The  master  mechanic,  who  is  a  civilian,  is  under  the  immediate 
suiKjrvision  and  direction  of  the  conimanding  officer,  res])onsible 
for  the  condition  of  the  power  plant,  consumption  of  fuel  and 
oil,  lighting  and  heating,  installations,  projier  use  of  machine 
tools  and  appliances.  The  designing  of  machines  and  tools  and 
determining  the  best  method  of  using  the  same  are  also  part  of 
his  duties.  He  is  also  in  charge  of  all  the  employees  in  tlie  gun 
shops  and  all  construction  work  on  guns  of  every  calibre.  The 
work  is  allotted  by  him  to  tlie  different  foremen,  who  have  their 
separate  machines,  workmen,  and  perform  their  work  in  desig- 
nated parts  of  the  shops. 

7.  The  machinists  and  all  skilled  mechanics  are  employed 
under  the  system  of  local  civil  service  board,  the  civil  service 
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law  being  carried  out  strictly  within  the  provisions  of  the  Gov- 
ernment requirements,  thus  api)lying  the  merit  system  to  all 
applicants. 

Eecords  ai'e  kept  of  each  employee,  which  are  examined  from 
month  to  month.  This  method  enables  the  board  to  investigate 
the  employees'  standing  and  eflBiciency,  also  to  recommend  an 
increase  of  wages  and  promotion  to  the  next  higher  class  for 
those  who  have  proved  themselves  worthy. 

The  promotions  are  generally  made  quarterly.  The  machinists 
are  divided  into  four  classes— namely,  the  special  class,  first, 
second  and  third;  their  wages  ranging  from  $2.72  to  $3.28  per 
diem  for  eight  hours  work  per  day,  foremen  not  being  included 
in  these  classes. 

To  each  employee  who  has  served  not  less  than  one  year  is 
granted  fifteen  days  annual  leave  with  pay,  and  aU  employees 
are  paid  for  the  general  holidays. 

8.  The  approximate  output  of  the  large  gun  shop  per  year  is 
ten  5-inch,  thirteen  6-inch,  sixteen  10-inch,  sixteen  12-inch  guns 
and  tw^enty  12-inch  mortar  guns  or  their  equivalent;  and  the 
capacity  of  the  small  shop  about  one  hundred  and  seventy-five 
field  guns,  ten  5-inch  siege  guns,  eleven  7-inch  mortars,  and  ten 
7-inch  howitzers,  thus  aggregating  a  total  of  two  hundred  and 
eighty-one  guns  per  year.  The  above  figures  are  based  on 
working  one  shift  of  eight  hours  per  day. 
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TEST  OF  A   HYDRAULIC  ELEVATOR  SYSTEM. 

KBOINALD  PKLIIAM  BOLTON,   NKW  TORK  CITT. 

(Member  of  the  Society.) 

1.  The  contractors- for  the  installation  of  33  hydraulic  eleva- 
tors in  the  new  department  store  of  E.  H.  Macy  &  Co.  gave 
a  guarantee  that  the  cost  of  fuel  for  its  operation  should  not 
exceed  6  cents  per  mile  of  car  travel,  coupling  with  this  the  stipu- 
lation  that  the  water  should  be  pump^  by  3-throw  crank  and 
flywheel  compound  pumping  engines,  and  that  the  boiler  used 
should  afford  an  evaporation  of  10  pounds  of  water  per  pound  of 
coal,  and,  finally,  that  the  coal  to  be  used  should  not  exceed  in 
cost  $4.00  per  ton. 

In  letting  contracts  for  pumps  and  boilers  these  conditions 
were  followed,  and  guarantees  exacted  from  the  respective  manu- 
facturers. In  the  case  of  tlie  pumps,  a  guarantee  of  steam  con- 
sumption not  exceeding  25  pounds  of  steam  per  indicated  horse- 
power was  procured,  and  the  boilers  were  guaranteed  to  afford 
an  efficiency  of  70  per  cent. 

2.  On  Marcli  15, 1903,  tlie  writer  conducted  a  test  of  the  com- 
bined apparatus,  wliicli,  being  carried  out  without  any  of  the 
interferences  which  luive  been  encountered  in  other  tests  of  eleva- 
tors, with  a  complete  elimination  of  otiier  apparatus,  and  at  a 
time  when  the  uninterrupted  use  of  tlie  necessary  cars  was  at 
disposal,  is  of  so  complete,  as  well  as  satisfactory,  a  nature  as 
to  warrant  the  attention  of  the  members  of  the  Society. 

3.  The  elevators  are  large  passenger  cars  of  a  full  carrying 
capacity  of  3,000  pounds,  at  a  speed  of  300  feet  per  minute,  oper- 
ating from  the  basement  floor  to  the  8th,  9th  and  10th  floor 
levels. 

They  were  constructed  by  the  McAdams  &  Cartwright  Eleva- 


*  Presented  at  tlie  Saratoga  mootinj]^  (June,  1003)  of  the  Am«»rican  Society 
of  Mechanical  Engineers,  and  form  in  <j:  part  of  Volume  XXI V.  of  the  Trans- 
actions. 
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tor  Co.  of  Xew  York,  and  are  provided  with  that  company's 
hand-lever  controls,  are  countervveighted  to  650  pounds  unbal- 
anced weight,  and  are  provided  with  slack  chains  counterweigh t- 
ing  the  cables,  which  chains  are  attached  to  the  car  and  the 
counterweight,  giving  a  very  accurate  average  weight  of  rope. 

They  are  operated  by  vertical  hydraulic  cylinders  15  inches 
diameter,  geared  4  to  1,  and  provided  with  pilot  valves  using 
2  gallons  of  water  to  each  complete  reversal. 

The  working  pressure  is  140  pounds  per  square  inch. 

4.  Those  selected  for  the  test  are  known  as  Nos.  1,  2,  3  and  4, 
being  a  bank  of  passenger  cars  in  the  southeast  portion  of  the 
building,  having  a  round-trip  travel  of  292.5  feet  net  per  car, 
and  Nos.  5  to  10  inclusive,  being  the  passenger  bank  on  the  west 
end  of  the  store,  having  a  round-trip  travel  of  324.5  feet  net  per 
car. 

Each  car  was  loaded  with  a  weighed  live  load  of  1,000  pounds 
inclusive  of  the  operator,  which  was  taken  to  represent  an  aver- 
age load  in  cars  of  their  proportions,  and  afforded  a  rate  of  down- 
travel  uniform  with  that  of  the  up-run. 

These  elevators  were  selected  as  being  those  representing  the 
average  distance  of  cylinders  from  the  pressure  drums,  so  that 
the  frictional  hydraulic  resistance  is  representative  of  average 
working  conditions  of  the  whole  plant. 

The  cars  were  run  on  a  schedule  from  bottom  to  top  of  travel 
and  at  such  a  number  of  trips  as  to  reach  as  nearly  as  practicable 
a  total  travel  of  30  miles  per  hour,  which  travel  utilized  the  full 
and  reasonably  regular  capacity  of  one  of  the  two  main  pumps, 
which  is  the  normal  condition  of  the  regular  service  of  the 
building. 

5.  The  pumps  are  two  in  number,  and  are  duplicates.  They 
arc  the  high-duty  type  manufactured  by  the  Laidlaw-Dunn- 
Gordon  Company  of  Cincinnati,  having  a  horizontal  high-press- 
ure cylinder  22^  inches  diameter,  set  between  two  low-pressure 
cylinders,  each  28  inches  diameter,  all  24  inches  stroke,  each 
operating  a  crank  on  the  crank- shaft  by  rocking  levers,  and  con- 
nected to  three  water  pumps,  each  14|  inches  diameter  by  24 
inches  stroke. 

During  the  trial  the  pumps  were  interchanged  so  that  the 
result  shows  the  average  of  their  respective  conditions.  This 
was  somewhat  to  their  disadvantage,  as  No.  2  had  a  defective 
water-valve. 
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6.  The  steam  cylinders  have  Corliss  valves,  and  the  high- 
pressure  steain  supply  is  automatically  controlled  by  the  rising 
pressure  in  the  pressure  drums.  There  is  a  re-heater  between 
the  high-pressure  exhaust  and  low-pressure  intake,  the  steam  for 
which  is  charged  in  as  part  of  the  work,  its  condensation  being 
run  to  waste  during  the  trial. 

The  low-pressure  cylinders  exhaust  into  the  general  exhaust 


Scale  GO. 
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No.  1  Tump. 
Fig.  147. 
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system,  which,  during  winter,  is  taken  up  entirely  in  house- 
heating  work,  but  at  the  time  of  the  trial  was  freely  exhausted 
to  the  atmosphere  through  the  20-inch  exhaust  main  about  380 
feet  in  length. 

Indicator  cards  were  taken  at  regular  intervals  of  15  minutes. 
A  sample  set  of  cards  from  each  engine  is  appended. 

7.  The  boiler  was  of  the  water-tube  type  with  forged  steel 
headers,  constructed  by  the  Babcock  &  Wilcox  Co.  of  New 
York,  and  is  of  293  rated  horse-power.     In  the  result  it  pr6ved 
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to  be  ia  excess  of  steam  requirements,  being  operated  below  its 
rating,  at  an  output  of  255  horse-power,  or  89  per  cent.  It  has 
140  18-foot  tubes  4  inches  diameter,  arranged  14  tubes  wide  by  10 
tubes  high,  and  has  2  drums,  each  36  inches  diameter  by  22  feet 
3f  inches  long.  It  is  set  in  a  separate  setting,  and  is  connected 
to  the  end  of  the  smoke  breeching  of  the  south  battery,  which 


H.P. 


No.  2  Pump. 
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No.  2  Piimx>. 
Fig.  148. 
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is  about  220  feet  in  length  and  connects  to  a  10-foot  stack  185 
feet  in  height  above  grate-bars. 

8.  The  furnace  system  is  that  of  the  Parson  Manufacturing 
Company  of  New  York,  consisting  of  a  grate  of  59.5  square  feet 
area,  composed  of  cast-iron  bars  1^  inches  thick,  with  circular 
coned  air  openings,  the  area  of  which  on  the  fire  surface  aggre- 
gates only  about  8  per  cent,  of  its  total  area.  Air  is  supplied 
under  pressure,  in  a  closed  ash-pit,  by  two  special  steanl  jet 
blowers  at  the  side  of  the  setting.  For  the  purpose  of  this  test 
the  steam  supply  to  these  blowers  was  taken  from  another  boiler, 
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but  the  control  of  the  blowers  was  effected  by  an  automatic 
regulator,  the  operation  of  which  was  varied  by  the  steam  press- 
ure of  the  boiler  under  test. 

The  amount  of  steam  used  by  the  jets  was  measured  by  an 
apparatus  suggested  by  Mr.  Hosea  Webster,  M.  E.,  consisting 
of  a  steam  supply  taken  through  a  perforation  of  known  size 
inserted  in  the  supply  pipe,  with  a  pressure  gauge  on  each  side. 
Eeadings  being  taken  therefrom,  a  separate  blower-nozzle  was 
connected  by  a  hose,  and  being  placed  in  a  tub  of  water,  the 
steam  condensed  by  its  use  for  a  given  time  was  weighed. 

9.  The  arrangements  for  the  test  were  laid  down  beforehand 
by  the  writer,  and  the  rather  numerous  observers  assigned  to 
their  duties,  in  a  memorandum  to  which  the  representatives  of 
all  interested  parties  agreed,  and  in  which  the  results  to  be  sought 
were  also  stated. 

A  preliminary  run  was  also  made  on  the  11th  of  March,  for 
two  hours,  in  order  to  ascertain  that  all  apparatus  was  in  order, 
and  to  accustom  the  observers  to  their  duties. 

The  general  arrangements  for  the  test  comprised  a  separate 
feed-pump  supplying  the  boiler  under  test,  the  pump  being  sup- 
plied with  steam  from  another  source,  and  being  supplied  with 
water  weighed  in  the  usual  manner. 

The  feed  was  passed  tlirough  a  superheater  or  economizer  on 
Kieley  &  Mueller's  system,  which  consists  of  a  single  large  pipe 
extending  through  the  upper  part  of  the  smoke  breeching.  The 
feed  was  confined  entirely  to  the  boiler  under  test. 

The  steam  from  the  boiler  was  conducted  by  a  separate  supply 
main  only  to  the  pump  under  operation.  This  main  was  dripped 
at  its  end,  and  a  drip  was  also  led  from  a  Kieley  steam  separator 
placed  over  the  stop-valve  of  each  of  the  pumps.  These  drips 
were  provided  with  separate  bucket-traps  discharging  through 
a  cooling  coil  into  a  tub  on  a  Aveighing  scale.  Tlie  pump  w^as 
charged  with  all  the  feed-water  pumped  to  the  boiler,  less  the 
amount  of  drips  thus  weiglied  back. 

Steam  was  tested  for  contained  moisture  at  the  boiler  outlet. 

The  fuel  used  was  an  excellent  grade  of  anthracite  of  buck- 
wheat size,  commonly  known  as  Xo.  2,  and  cost,  delivered  into 
the  bunker,  $2.55  per  gross  ton  of  2,240  pounds. 

The  test,  as  it  related  to  the  boiler,  was  conducted  under  the 
conditions  established  by  this  Society,  the  start  and  stop  being 
made  on  the  "  alternate  "  method. 
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10.  The  observations  recorded  are  shown  in  accompanying 
tabulation. 


Summary  of  Readings  Taken  dubing  Test  of  Elevators,  Pump,  Boilbr 
AND  Furnace  System  at  R.  H.  Macy  &  Co.'b  Building,  New  York 
City,  March  15,  1903. 


Time. 

Feet 

travelled  by 

cars  per 

hour. 

Pump  revolu-     xr«*  -♦«-«, 
tion8  per  hour      ^^VumT 
(52.758  gallons       ^^'TjTP 
per  revolution).         ^*°'*-^- 

Water  to 
boiler 

i)er  hour 
(lbs.). 

Coal 

consumed 

Obs.). 

Ash. 

Com- 
bustible. 

9.30 

10.80 

11.80 

12.30 

1.30 

2.30 

8.30 

4.30 

6.80 

6.30 

165,982.5 
161,490.0 
161,586.0 
166,357.5 
167.139.0 
164.991.0 
108,108.0 
104,602.5 
167.427.0 
108,400.5 

3,630 

3.570 

3.218 

3.655 

3,645 

3,590 

3.715 

8,518  . 

3.630 

3.658 

6.651.5 
7,507.5 
7,277.0 
8.285.0 
6.453.5 
7,145.5 
7,875.0 
6.844.0 
6,707.5 
7,874.0 

6.778 
7,628 
7,618 
8,478 
6,612 
7,290 
7,977 
7,037 
6,886 
8,048 

*4,'691 
'4,749 

667 
467 

4,028.61 
'4,i8b*.37 

Totals.... 
Averages. 

1,656,084.0 
165,608.4 

35,824 
3,582.4 

72,6-20  5 
7.262.05 

74,342 
7.434.2 

9,440 
944 

1,084 
108.4 

8,203.98 
820.89 

Average  flue  temperature Degrees  Falir.  418.56 

"        feed-water  temperature '*          *'  76.18 

"        steam  pressure Pounds  182.2 

**        pressure  in  ash-pit Inches  .60 

*'        draught  in  furnace **  .19 

•*                "          flue  (outside  damper) **  .40 

*•                *'       "    (inside  damper) •'  .225 

B.  T.  U.  per  i)ound  coal 13.188 

Moisture  in  coal Per  cent.  2. 14 

'*        *' steam Of  one  per  cent.  .22 

Steam  used  in  jets  per  hour Pounds  666.8 

The  net  results  demonstrated  the  following  facts  : 

Per  car  mile,  fuel 32.32  lbs. 

"      "       "    steam 231 .5       " 

"      "      "    water  pumped 6,025.     gals. 

Live  load  actually  lifted,  per  car  mile 2,640,000  foot-lbs. 

Live  load  actually  travelled,  per  car  mile 5,280,000       " 

Live  load  lifted  per  pound  of  fuel     81,370       " 

Pump. 

Steam  per  indicated  horse-power  per  hour : 24.717  lbs. 

Steam  per  water  horse-power  per  hour   29.094    " 

Water  pumped  per  pound  of  fuel 186 .39  gals. 
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Piping. 

Losses  by  condensation,  per  cent,  of  steam  delivered  from 

theboiler 2.36 


Boiler. 

Steam  quality,  contained  moisture,  of  one  per  cent .22 

Direct  evaporation  per  pound  of  coal,  from  feed  at  average  of 

76. 18 degrees Fahr 8.04  lbs. 

Evaporation  from  and  at  212  degrees  Fahr.,  per  pound  dry 

coal 9.56     " 

Evaporation  from  and  at  212  degrees  Fahr.,  per  pound  of  com- 
bustible material  10.77    " 

Grate  System. 

Fuel  burned  per  square  foot  per  hour 15 .86  lbs. 

Steam  used  to  operate  blowers  per  hour 565.8      " 

Equivalent  coal  at  evaporation  of  8.04 70 .        " 

Coal. 

Thermal  value.     Heat  units    13,138 

Moisture,  per  cent,  of  total  weight 2.14 

Ash  and  clinker,  per  cent,  of  total  weight 10.95 

From  the  above  are  worked  out  the  following  results  of  efficiency  of  each  part 
of  the  apparatus  in  terms  of  the  heat  units  contained  in  the  fuel. 

EPPICIENaES. 

CooZ,  per  cent,  of  perfect  combustibility 86.91 

Furnace,  per  cent,  of  heat  rccoivcd  and  liberated  under  the 

boiler 92.59 

Bailer,  per  cent,  of  heat  liberated,  absorbed  and  deliven^d  as 

steam,  or  efficiency    70 .27 

Piping,  per  cent,  of  heat  received  from  the  boiler  and  delivered 

to  the  cylinder 97.69 

Pump  cylinder,  per  cent,  of  heat  received  and  turned  into  me 

chanical  work  8 .647 

Pumping  engine,  per  cent,  of  heat  in   piston  work  turned  into 

water  pumped 84 .95 

Elevator  eyetem,  per  cent,  of  work  received  in  water  pumped, 

repiresented  by 

1.  The  average  live  load  raised 15 .61 

2.  The  maximum  live  load  raised 46 .  83 

11.  As  tho  operation  of  the  system  involves  tlu^  lifting  of  <a 
greater  weight  than  tlie  load  lifted  in  order  to  return  the  said 
load  to  the  ground,  which  process  is  a  ])art  of  the  desired  results? 
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it  is  proper  to  state  the  eflfective  results  of  the  system  in  terms 
of  the  above  loads  travelled,  when  the  respective  efficiencies  of 
the  elevator  system  as  stated  above  are  doubled ; 

or  (1)  The  average  live  load  travelled     31 .22 

(2)  The  maximum  live  load  travelled 93 .66 

EmCTENCY  OP  THE  COMBINED  SySTEM  OP  APPARATUS,  FURNACE  TO  LOAD 

Per  cent,  of  heat  in  the  fuel  represented  by  the  average  live 

load  travelled 1.6 

The  same  by  the  maximum  load  travelled 4.8 

DISCUSSION. 

Mr,  George  Hill, — This  paper  records  an  elevator  test  in- 
tended primarily  to  detennine  whether  or  not  the  elevators  com- 
plied with  a  certain  guarantee. 

The  author  was  given  an  opportunity  to  ascertain  something 
which  would  have  been  of  great  value  to  himself  and  to  other 
engineers,  which  opportunity  was  not  availed  of. 

I  refer  to  the  opportunity  to  ascertain  definitely  the  diflFerence 
in  operating  economy  between  elevators  run  under  test  conditions 
and  those  run  under  normal  condition  of  service.  That  such  a 
diiSference  exists  is  a  perfectly  logical  conclusion,  from  the  known 
difference  which  exists  in  almost  every  other  form  of  plant. 

In  this  case  the  author  states  that  the  valves  use  a  certain 
amount  of  water  on  reversal,  which  does  not  represent  useful 
work  performed.  The  amount  of  waste  from  this  cause  was 
reduced  apparently  to  a  minimum. 

All  of  the  conditions  of  the  test  were  arranged  to  give  the 
highest  possible  efficiency,  and  it  would  be  of  value  to  know 
how  the  efficiency  fell  off  under  working  conditions. 

As  it  stands  the  client  will  su])pose  that  his  elevators  are  cost- 
ing him  a  certain  amount,  which  he  can  determine  by  measuring 
the  car  miles  and  multiplying  it  by  6  and  a  fraction  cents,  which 
is  unquestionably  a  grave  error. 

The  author  determined  a  number  of  values  which  give  the 
paper  a  serious  apjiearance,  but  which  unfortunately  have  no 
bearing  whatever  on  tlie  avowed  purpose  of  the  test,  and  are  of 
no  practical  value  in  determining  what  might  be  called  the  com- 
mercial efficiency  of  the  ])lant. 

While  he  apparently  gives  a  great  deal  of  data  in  regard  to 
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the  plant,  the  most  important  information  is  omitted — that  is, 
the  size  of  the  pressure  and  discliarge  tanks  which  absolutely  de- 
termine the  ability  of  tlie  ])umps  to  work  at  a  uniform  speed 
under  ordinary  working  conditions. 

I  should  criticise  his  failure  to  charge  the  steam  used  in  the 
jets  to  the  steam  consumption  of  the  plant,  as  it  seems  to  me  it 
ought  to  be  charged  against  the  efficiency  of  the  boiler. 

I  would  also  criticise  the  failure  to  specifically  state  the  con- 
clusions reached  by  him  from  the  test.  Apparently  the  boilers 
failed  to  comply  with  the  conditions  of  the  guarantee,  the  pumps 
did  comply  with  the  conditions,  and  the  elevators  did  not. 

Mi\  R.  Z.  Giford. — The  fuel  cost  of  operation  of  hydraulic 
elevators  is  usually  the  most  difficult  item  to  separate  from  the 
total  operative  cost  of  large  building  ])lants,  as  the  regularity  of 
the  service  must  be  maintained,  and  usually  the  elevator  pump 
steam  supply  is  taken  from  a  common  header  supplying  other 
engines  and  pumps. 

The  conditions  of  these  tests  were  favorable  for  accurate  re- 
suits,  and  the  paper  is  of  corresponding  value.  The  load  and 
running  conditions  of  the  test  as  well  as  the  high  efficiencies  of 
all  parts  of  the  installation,  were  favorable  to  the  best  obtain- 
able economy  for  hydraulic  elevators,  and  for  the  department 
store  service  where  the  elevatoi's  carry  full  loads  all  day  the 
results  obtained  will  closely  approach  actual  running  conditions. 
In  actual  running,  however,  the  reversals  due  to  running  past 
floor  landings  at  stops,  and  the  consequent  demand  for  pilot 
valve  water,  would  increase  the  water  consumption  3  per  cent. 
or  4  per  cent. 

For  office  building  service  the  assumption  of  a  constant  live 
load  will  give  a  greater  efliciency  in  live  load  raised  than  actual 
random  loads,  for  the  load  is  extremely  variable,  and  an  up  trip 
with  one  passenger  will  call  for  the  same  consumption  of  power 
as  a  loaded  car,  furthermore,  the  variable  load  prevents  as 
accurate  counter  weighting  as  was  possible  in  this  test. 

For  variable  loads  the  electric  elevator  has  the  advantage  in 
that  consumption  (jf  current  is  a  direct  ratio  to  load  raised. 

The  fuel  cost  per  car  mile  including  steam  for  jets  is  only  ^^ 
cents,  which  is  about  the  best  economy  obtainable  with  electric 
elevators  of  similar  lifting  (?ai)acity  and  speed  on  random  loads. 
A  test  recently  made  on  an  electric  installation  of  similar  capac- 
ity showed  a  consumption  for  motor  and  controller  of  8.8  kilo- 
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watt  hours  per  car  mile,  actual  running  conditions,  or  a  fuel 
cost  of  about  3i  cents  per  car  mile  with  current  costing  1^  cents 
per  kilowatt  hour  at  the  switchboard  (fuel  cost  being  60  per 
cent,  of  same). 

In  small  plants  where  the  load  is  hooked  on  to  a  central 
station  and  the  current  costs  4  cents  or  5  cents  per  kilowatt 
hour,  the  cost  of  operation  of  an  electric  elevator  is  from  15  to 
20  cents  per  car  mile. 

Steam  elevators  of  equal  capacity  and  speed  as  the  hydraulics 
tested,  use  about  1,000  pounds  of  steam  per  car  mile.  An  actual 
test  under  similar  conditions  to  the  one  under  discussion  gave 
977  pounds  of  steam  per  car  mile,  which,  at  the  same  cost  of 
evaporation  as  in  the  Macy  plant  (steam  used  by  jets  included), 
would  give  a  fuel  cost  of  about  12^  cents  per  car  mile. 

Only  a  small  per  cent,  of  hydraulic  elevator  plants  are 
equipped  with  the  high  duty  type  of  pumps  used  here,  the  com- 
pound duplex  pump  usually  installed  using  upwards  of  80  pounds 
of  steam  per  horse  power  hour,  with  a  corresponding  fuel  cost 
of  four  times  as  much  as  in  the  Macy  plant. 

The  temperature  of  feed  water,  75.18  degrees  Fahr.,  indicates 
that  no  feed  water  heater  was  used,  and  while  the  omission  does 
not  aflFect  the  boiler  efficiency  results  obtained,  the  fuel  economy 
of  the  plant  would  of  course  be  improved  by  the  use  of  a  heater. 
In  fact  a  heater  would  be  many  times  as  effective  as  the  econo- 
mizer used,  and  from  the  low  flue  temperature  noted  it  is  safe  to 
conclude  that  the  economizer  reduced  the  draft,  which  was  nat- 
urally so  poor  that  steam  jets  were  installed  to  boost  it. 

On  page  939  in  table  of  boiler  results,  the  steam  used  by  the 
jets  is  charged  against  the  furnace.  For  comparison  of  cost  of 
evaporation  with  other  boiler  plants,  these  results  would  be 
reduced  by  including  the  coal  equivalent  of  the  steam  supplied 
to  the  jets  from  another  boiler  in  addition  to  coal  burned  direct 
on  the  grates.  Taking  this  into  account,  the  results  show  an 
evaporation  from  and  at  212  degrees  Fahr.  of  9.02  pounds  per 
pound  dry  coal,  and  a  coal  efficiency  of  65  ],>er  cent,  for  boiler 
and  grate  combined. 

Mr,  John  B,  Blood. — I  might  bring  forward  a  point  that,  in 
the  case  of  Mr.  Bolton's  maximum  load  travel,  he  has  multiplied 
the  efficiency  by  3  in  each  case,  whereas  if  the  maximum  load 
was  in  the  elevator  and  went  up  and  down  every  time,  the 
amount  of  steam  supplied  to  pump  would  be  increased.     He  has 
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apparently  calculated  the  efficiency  assuming  that  the  steam  in 
the  pump  would  be  the  same  if  the  load  in  the  elevator  was 
increased  to  the  maximum  all  the  time.-  As  a  matter  of  fact, 
I  should  think  that  while  the  efficiency  would  not  be  three 
times,  yet  it  probably  would  largely  increase.  But  it  stands  to 
reason  almost  that  the  amount  of  energy  in  the  pump  would  ho 
increased  by  a  maximum  load  being  run  in  the  elevator  all  the 
time  as  against  the  av^erage  load. 

Mr,  Bolton.* — Answering  the  remarks  of  the  last  speaker, 
I  would  say  that  in  the  hydraulic  elevator  system  the  carrying 
of  the  maximum  load  in  the  car  does  not  involve  any  increase  in 
the  pressure,  and  that  therefore  it  is  perfectly  correct  to  multi- 
ply the  efficiency  by  3.  Furthermore,  the  point  may  be  brought 
out  here  that  in  testing  or  running  a  heavier  load  the  same  work 
is  done  within  a  given  time.  For  instance,  in  this  case  these 
cars  were  loaded  with  1,000  pounds,  including  the  operator. 
That  was  done  in  order  that  the  up  speed  might  be  the  same  as 
that  of  the  travel  of  the  car  back  again.  If  the  cara  had  been 
loaded  with  2,000  pounds  they  would  have  gone  up  slower,  but 
would  have  descended  quicker,  so  that  the  total  car-travel  would 
have  been  the  same.  In  that  respect  the  method  of  loading  for 
the  test  is  correct. 

In  regard  to  Mr.  Hill's  communication,  if  he  had  been  in 
charge  of  the  test  it  would  have  been  only  natural,  with  so 
many  interests  around  him,  for  him  to  have  desired  to  see  ever}^ 
part  of  the  apparatus  doing  its  best  at  once — the  pumps,  the 
boilers,  and  everything  working  up  to  their  guarantee. 

The  total  cost  per  car  mile  was  ^^^  cents. 

The  test  was  made  on  a  Sunday  morning  when  the  store  was 
closed,  because  on  a  week  day  a  tot«ally  different  set  of  condi- 
tions would  have  been  present. 

The  pressure  tanks  are  two  in  number,  7  feet  diameter  by  25 
feet  long,  and  are  very  am])le  for  the  work.  For  some  years  1 
have  been  insisting  on  larger  pressure  tanks  than  used  to  be  the 
practice. 

The  boiler  contract  was  separate  from  that  of  the  grate 
system,  consequently  the  steam  used  by  the  jets  could  not  in 
this  case  be  charged  against  the  eiIici(Micy  of  the  boiler  a^)ne. 
The  efficiency  of  the  boiler  is  in  any  case  better  stated  in  this 


*  Author's  Closure,  under  the  Rules. 
61 
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way,  and  as  it  utilized  70.27  per  cent,  of  the  heat  afforded  to  it 
by  the  grate  system,  it  fully  complied  with  the  guarantee.  The 
efficiency  of  the  grate  and  boiler  combined  was  in  this  case  a 
different  matter. 

Replying  to  the  communication  of  Mr.  Robert  L.  Gifford,  the 
electric  elevator  does  appear  on  the  face  of  things,  to  possess  an 
'^  advantage  in  that  consumption  of  current  is  a  direct  ratio  to 
the  load  raised."  But  what  such  advrx^tes  of  electric  operation 
cannot  seem  to  grasp  is  that  this  is  discounted  by  the  dispropor- 
tionate cost  of  the  electric  equivalent  of  the  pressure  drum— viz. : 
the  storage  battery,  and  that  when  an  hydraulic  car  is  ascending 
with  a  light  load,  it  does  so  at  a  greater  speed,  and  therefore  in 
schedule  service  the  difference  in  favor  of  the  electric  system  not 
only  disappears  but  becomes  a  large  balance  on  the  other  side. 

The  test  quoted  by  Mr.  Gifford  is  on  the  usual  lines  of  an  as- 
sumption of  fuel  used  for  a  kilowatt  hour.  It  would  be  an 
advantage  if  a  test  could  be  conducted  of  a  positive  nature  with 
a  weighed  load  such  as  tliat  which  I  have  recorded.  I  con- 
ducted a  test  on  electric  elevators  some  years  ago  and  found 
that  the  fuel  cost  with  a  light  random  load  exceeded  4  cents  per 
mile. 

There  is,  of  course,  a  feed  heater  in  the  plant,  but  being  of 
the  ojKjn  ty[)e,  it  was  necessarily  cut  out  of  the  test.  Its  absence 
does  not  affect  the  results  recorded.  The  normal  feed  tempera- 
ture is  from  180  degrees  upward.  The  flue  tem]ierature  at  the 
])oiler  tested  could  not  have  been  reduced  by  the  economizer, 
and  the  natural  draft  was  that  due  to  the  use  at  the  time  of 
only  three  boilers  out  of  the  battery.  The  point  which  seems 
to  have  esca])od  the  writers  of  both  criticisms  is  that  the  blower 
system  enabled  a  cheaper  grade  of  fuel  to  be  used  than  with 
natural  draft. 

I  am  confirmed  in  the  statement,  by  the  o])inion  of  the  lead- 
ing elevator  engineers,  that  the  test  recorded  is  the  only  clean 
and  positive  record  on  elevator  work,  and  forms  a  basis  on  which 
direct  comparisons  can  be  made  with  future  tests. 
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No.  993.* 

A   RATIONAL   TRAIN  RESISTANCE  FORMULA^ 

BY  JOHN  BALCH  BLOOD,  BOSTON,  MASS. 

(Associate  Member  of  the  Society.) 

1.  In  the  early  days  of  train  resistance  formute,  when  speeds 
were  not  high,  the  frictional  resistance  of  track  and  journals  was 
a  considerable  factor  in  tlie  total  resistance.  Again,  the  head 
resistance  was  charged  up  to  tlie  locomotive,  without  a  formula, 
and  train  resistance  meant  the  pull  on  the  engine  drawbar. 

These  facts,  together  with  the  fact  that  the  criteria  of  indus- 
trial competition  were  loosely  drawn,  made  a  simple  formula  the 
desideratum,  and  we  see  as  a  result  formulae  of  many  varieties 
containing  a  single  vjiriablc. 

These  served  their  purpose  at  the  time,  but  time  and  advancing 
knowledge  showed  their  inadquacy  both  as  to  absolute  results 
and  functionally.  The  immediate  needs  were  supplied  by  sets 
of  formulae  with  different  coelRcients  and  variables,  each  good 
only  for  a  certain  range. 

The  original  single  variable  fornmla}  were  of  two  kinds,  as 
follows : 

R  =  A  +  BM (1) 

B  =  A-h  CM' (2) 

Where  li  =  train  resistance  in  lbs.  per  ton, 
31  =  speed  of  train, 
-4,  B,  and  C  =  coefficients. 

2.  The  development  from  these  formuhe  showed  a  desire  for 
a  rational  formula,  the  elements  of  which  would  represent  dis- 


*  Pre«jented  at  the  Saratopn  inpetine:  (Juno,  1908)  of  the  American  Society 
of  Mechanical  Engineers,  and  fonniiiu:  part  of  Volume  XXIV.  of  the  Trans- 
actions. 

t  For  further  references  on  this  suhj(»ct  s<m»  Tni/iMftrfions  as  follows: 
No.  924,  vol.  xxiii.,  p.  269:  "Cost  of  Runnin<j:  Trains  at  High  Speed."     F.  R. 
Button. 
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tinct  parts  of  the  resistance  recognizable  and  measurable.  Ex- 
periments and  the  gradually  increasing  train  speeds  began  to 
indicate  the  different  elements  of  resistance,  although  the  func- 
tion and  absolute  value  of  each  was  not  obtained. 

The  higher  normal  train  speeds  brought  out  the  fact  that  a 
factor  of  the  resistance  was  the  air  friction,  and  that  it  certainly 
varied  as  a  function  of  the  speed  greater  than  unity,  and  in  all 
probability  as  the  square. 

3.  In  1885,  the  Eastern  Railway  of  France  made  some  very 
extensive  experiments,  and  gave  as  their  results  a  set  of  formulae 
of  a  rational  type,  using  different  coefficients  for  different  ranges 
of  speed.     Their  formula  was  of  the  type 

P  =  (4  +  BM)  T  +  CQM'  ....    (3) 

Where  P  =  total  pull  or  horizontal  effort, 
M=  speed, 
T  =  weight  of  train, 
Q  =  cross  section  of  train. 
Ay  By  and  C  =  coefficients. 

This  reduces  for  comparison  with  other  formula)  to 

R^A  +  BM+^^       (4) 

It  will  be  noted  that  for  trains  with  a  speed  of  12-32  kilometres 
per  hour,  these  engineers  left  off  the  last  term  having  the  speed 
factor  as  the  square,  leaving  a  formula  of  the  form  (1). 

This  formula  (4)  is  interesting  from  a  rational  standpoint. 
First,  it  has  two  terms  with  variables;  one  as  the  first  power  of 
the  velocity,  and  one  as  the  second  power  of  the  velocity.  Sec- 
ond, the  second  power  factor  has  a  component,  the  cross-section 
of  the  train.  This  would  show  that  this  factor  was  to  give  the 
air  resistance,  and  would  show  that  they  appreciated  that  there 
was  another  part  of  the  resistance  that  was  not  constant,  and 
yet  it  did  not  vary  as  the  square. 

4.  Their  set  of  formulae,  instead  of  a  single  formula,  showed 
that  their  variables  were  not  functionall}^  correct,  and  must  be 
modified  by  variation  of  the  coefficients. 

The  set  of  formulae  as  given  by  them  is  as  follows  : 

(a)  For  freight  trains  speeds  12-32  km.  per  hour. 
F=(1.65  +  0.05  v)  Q. 
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(b)  For  passenger  trains  speeds  32-50  km.  per  hour. 

W=  (1.8  +  0.08  v)  Q  -h  .009  Av\ 

(c)  For  passenger  trains  speeds  50-65  km.  per  hour. 

W=  (1.8  +  0.08  v)  Q  +  .006  Av\ 

(d)  For  express  trains  speeds  70-80  km.  per  hour. 

W=  (1.8  +  0.14  v)Q-¥  .004  Av\ 

Where  W  =  resistance  of  train  in  kilograms, 

Q  =  weight  of  train  in  tonnes  of  1000  kg., 

F  =  speed  in  km.  per  hour, 

A  =  cross  section  of  trains  (5  qm.). 

These  formulae  were  very  accurately  constructed  from  careful 
and  exhaustive  experiments,  and  the  variation  in  the  coefficients 
will  serve  to  indicate  the  functional  inadequacy  of  the  variables. 

There  are  four  points  to  be  observed  in  the  variation  of  these 
coefficients.  First,  that  the  factor  independent  of  the  speed  was 
apparently  constant  at  all  speeds.  The  deviation  from  this  in 
case  of  freight  trains  could  probably  be  accounted  for  by  the 
construction  of  the  car  or  thfe  relative  weight  of  load  per  axle. 
Second,  it  will  be  seen  that  the  coefficient  of  the  first  power 
factor  is  increased  as  the  speed  increases.  Third,  that  the 
coefficient  of  the  second  power  term  is  decreased  with  increased 
velocity.  And  fourth,  that  the  second  power  term  is  eliminated 
from  the  low-speed  formula. 

5.  From  these  observations  we  Avould  draw  the  following  con- 
clusions :  that  there  is  a  ])ortion  of  the  train  resistance  that  is 
independent  of  the  velocity;  that  the  air  friction  factor  has 
little  or  no  influence  below  32  kilometres.  Tliese  seem  to  be 
clear. 

The  increasing  of  the  coefficient  of  the  first  ]}ower  term  and 
the  decreasing  of  the  coefficient  of  the  second  power  term  indi 
cate  an  empirical  attempt  to  adjust  the  coefficient  to  take  care  of 
improper  functional  value  of  the  variables. 

We  find  a  single  variable  formula  with  first  power  factor  gives 
too  small  results  for  high  speeds  if  it  is  correct  for  low  speeds. 
Wo  find,  also,  that  a  single  variable  formula  with  a  second  power 
factor  gives  too  high  results  at  high  speeds  if  it  is  correct  at  low 
speeds.  This  would  seem  reasonable,  as  it  is  apparent  that  there 
are  at  least  three  forms  of  friction — plain  sliding  friction,  which 
is  independent  of  the  speed;  rolling  friction,  which  varies  directly 
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as  tlic  speed;  and  fluid  friction,  which,  in  case  of  air,  would  vary 
theoretically  as  the  second  power  of  the  speed. 

6.  It  seems,  then,  perfectly  reasonable  that  a  rational  formula 
should  have  these  three  terms.  Experience  shows  that  while 
a  formula  having  three  terms  of  zero,  first  and  second  power 
variables,  respectively,  will  give  accurate  results  for  a  wider 
range  than  either  of  the  single  variable  formulaa,  it  in  com- 
mon with  the  second  power  single  variable  formula  gives  too 
large  results  at  high  speeds,  if  it  is  correct  at  the  lower  speeds. 

This  is  apparently  what  the  engineers  of  the  Eastern  Railway 
of  France  found,  and  they  tried  to  counteract  this  by  reducing 
the  eflfect  of  the  second  power  at  higher  speeds  by  reducing  the 
coeflBcient,  and  by  increasing  the  effect  of  the  first  power  term 
at  higher  speeds  by  increasing  its  coefficient.  It  would  seem 
that  the  increase  of  the  relative  moment  of  the  first  power  term 
at  high  speeds  was  paUiative  only,  rather  than  that  the  rolling 
friction  did  increase  in  greater  ratio  than  the  first  power. 

The  conclusion  to  draw  from  the  above  is,  that  the  third  term 
of  the  equation  should  have  an  exponent  greater  than  one  and 
less  than  two. 

7.  In  March,  1899J  I  presented  in  the  Street  Railway  Journal 
a  rational  formula  with  a  third  term  having  an  exponent  of  1.8, 
giving  reasons  somewhat  as  above  to  substantiate  its  reliability. 
The  formula  ex{)ressed  in  the  same  terms  as  above  was: 

3/1.8 

i?  =  4  +  .15  if  +  .3  ^ (5) 

Mr.  W.  J.  Davis  gives  a  formula  which  gives  very  accurate 
results  below  40  or  50  miles,  but  it  is  generally  acknowledged 
that  it  gives  too  high  results  at  higher  speeds.     The  formula  is  : 

i?  =  6  +  .13  3/  +  .35  ^~  [1  +  .1  (^-1)]     .    .     (6) 

Mr.  Davis  gives  different  coefficients  for  different  sizes  of  cars, 
but  does  not  vary  them  for  the  speed.  The  large  cars  would 
naturally  be  used  «at  the  higher  speeds,  so  that  the  coefficients, 
if  adjusted  to  the  higher  part  of  the  curve  for  the  larger  cars, 
would  give  a  series  of  curves  with  better  total  results,  but  would 
not  be  any  more  functionally  correct  than  the  French  formulae. 

8.  There  is  a  point  in  rational  formulae  which  is  very  impor- 
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tant;  namely,  that  the  terms  for  head  and  stern  resistance  have 
in  the  denominator  a  factor  proportional  to  the  length  or  weight 
of  the  train.  This  appears  in  many  formulae,  and  is  reasonable 
when  it  is  considered  that  the  liead  and  stern  resistance  would 
be  independent  of  the  length  of  the  train,  and  therefore,  when 
expressed  in  pounds  per  ton,  would  be  inversely  proportional  to 
the  weight  or  length.  In  most  formulae  the  weight  is  used 
rather  than  the  length. 

This  would  give  as  a  principle  that  the  head  and  stern  resist- 
ance, which  varies  as  a  power  of  the  speed  between  one  and  two, 
should  have  a  weight  factor  in  the  denominator. 

It  has  been  found  by  experiment  that  the  air  resistance  on  the 
sides  of  the  cars  varies  as  power  of  the  speed  higher  than  the 
first.  It  is  evident  that  this  factor  of  total  resistance  should  be 
proportional  to  the  length  or  weight  of  the  train,  and  therefore 
in  our  form  of  formula  would  have  no  weight  factor  in  the  de- 
nominator. 

The  head  and  stern  resistance  can  be  divided  if  it  is  desired. 
It  is  found  in  actual  practice  tliat  the  head  resistance  is  much 
larger  than  the  stern  resistance.  Professor  Goss's  experiments 
on  models  show  that  this  head  resistance  is  6.5  times  the  stern 
resistance,  and  that  the  liead  and  stern  resistance  together  are 
about  6.2  times  the  side  resistance  of  one  car. 

From  collateral  evidence  it  would  seem  that  the  coeflBcient  of 
the  variable  in  the  side  resistance  term  should  be  considerably 
lower  than  that  of  the  head  resistance  term.  The  air,  in  case  of 
the  side  resistance,  is  not  compressed,  but  is  sheared  off,  and  the 
fluid  particles  are  dragged  aside  rather  than  piled  up  on  each 
other. 

On  the  basis  of  the  above,  the  rational  formula  would  be: 

R  =  A+IU[+CM''+Dyj,+F'^,      ...    (7) 

Where  R  =  resistance  in  lbs.  ])er  ton, 
M  =■  speed  in  miles  poi*  hour, 
T  =  weight  of  train  in  tons, 
7i  =  exponent  of  sich)  friction  term, 
p  =  exponent  of  head  and  stern  friction  terms, 
A  =  coetHc'ient  for  sliding  friction, 
Ji  =z  coeHicient  for  rolling  friction, 
C  =  coefficient  ftn*  side  air  resistance, 
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D  =  coeflBcient  for  head  air  resistance, 
E^  coeflBcient  for  stern  air  resistance. 

Now,  we  have  not  yet  enough  data  for  determining  the  proper 
exponents,  nor  to  separate  the  exponents  into  the  two  forms. 
Again,  as  there  are  always  two  ends  to  a  string,  the  head  and 
stern  resistance  will  always  come  together. 

Until  we  find  suflBcient  evidence  to  give  us  the  two  exponential 
factors,  we  will  be  better  served  to  combine  all  three  exponential 
factors  into  one.  Again,  for  general  work  this  would  be  simpler 
and  suflBciently  accurate.     We  would  then  have: 

R^A^BM  ^{g\^M^    ....    (8) 

9.  This  is  essentially  the  formula  given  by  me  in  1899,  the 
only  diflference  being  in  the  coeflBcient  of  the  exponential  term 
separating  out  a  factor  representing  the  side  resistance  which  is 
proportional  to  the  train  weight. 

Where  R  =  resistance  in  lbs.  per  ton, 
M  =  speed  in  miles  per  hour, 
T  =  weight  of  train  in  tons, 
n  =  exponent  =  1.8, 
A  =-«»eflScient  of  sliding  friction, 
B  =  coeflBcient  of  rolling  friction, 
0  =  coeflBcient  of  side  resistance, 
D  =  coeflBcient  of  head  and  stern  resistances. 

The  values  of  tliese  various  coeflBcients  are  as  follows: 

^  =  3  for  heavy  freight  trains. 
A  =  4:  average  passenger  trains. 
A  =  5  heavy  large  electric  cars. 
A  =  6  medium  electric  cars. 
A  =  7  light  electric  cars. 

B  =  .15  for  light  track  construction. 
B  =  .12  for  heavy  track  construction. 

C=  .0016  for  ordinarily  constructed  cars. 
C  =  .0014  for  cars  with  vestibules. 
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D  =  .2S  for  small  cross  section  cars. 
D  =  .30  for  medium  section  electric  cars. 
D  =  .35  for  large  electric  or  suburban  trains. 
D  =  .40  for  largest  express  trains. 

As  our  experimental  data  are  increased,  it  will  be  possible  to 
correlate  these  coefficients  juore  intimately  with  the  elements  of 
friction  they  represent. 

The  foregoing  has  shown  the  gradual  development  of  the  train 
resistance  formula  from  a  rational  standpoint.  It,  however,  has 
been  viewed  all  along  from  the  start  from  an  empirical  stand- 
point. 

10.  "When  it  was  found  that  a  formula  with  a  single  variable 
term  was  insuflBcient,  there  were  those  w^ho  refused  to  add 
another  tenn  to  the  formula,  contending  that  such  term  did  not 
give  an  absolute  formula,  and  only  extended  its  range  if  results 
were  at  all  in  advance.  Again,  the  range  of  increased  alleged 
accuracy  was  within  the  range  of  variation  in  the  value  of  the 
coefiScients,  so  that  altogether  the  extra  complication  was  not 
worth  the  result.  These  advocated  an  empirical  formula  taking 
such  range  for  each  separate  set  of  coefficients  as  experience 
would  warrant. 

There  were  others,  I  l)(^]ieve,  who  were  k*d  to  abandon  the 
rational  fonnuhi  on  account  of  intell<x;tual  coxuiinlice.  They 
found  that  a  single  viiriaiile  formula  was  hoixilessly  inadequate 
with  either  the  first  po\v<T  or  the  second  jK>w<;r.  After  having 
passed  to  the  three  term  formula  with  first  and  second  i)ower 
variables,  they  Siiw  that  with  tii<*.  increase  of  sjkmmI  and  shortening 
of  trains,  too  high  results  would  Ix;  obtained  i\t  higli  speeds. 
They  balked  at  foUo^vinjr  the  natunil  and  lo<ri<.'al  course  of  reducing 
the  exponent  of  the  second  power  t^-nn,  ^^^;:llin^^  jHTJiaps,  that  the 
complication  of  tli<*  fracticnjil  r-xpoiK-nt  was  not  warranted; 
also,  perhaps,  being  lt,*<l  by  tli<*  fart  that  tiitj  theoretical  air 
resistance  is  known  to  vary  as  tint  s«'(rond  ]»ower. 

11.  I-et  us  consider  tli<;  u.^«.-s  of  a  tr;iin  resistance  formula. 
Originally,  it  servrd  nior*-  ;is  a  ^uide  than  an  engine^/ring 
hypothesis.  As  skill  in  d«<iL'n  and  a|>|>h'eatioJi  increased,  more 
and  more  attention  wjis  pMJd  to  tin-  fitting:  of  machines  to  the 
work  they  had  to  do.  MorecA*-!-,  witli  .>t';ini  milroads  and  long 
trains,  extreme  accuraey  \\'u<  nr>i  esM-ntial.  ;is  one  or  more  cars 
could  be  added  or  taken  otf  jj.-^  eonuiiioiis  refjuired. 
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"With  tho  advent  of  short  suburban  trains  with  three  to  five 
cars  J  short  distances  between  stations  and  a  demand  for  increased 
schedule  speed,  it  became  very  necessary  to  fit  the  motive  power 
with  a  nicety  to  its  work.  In  case  of  a  three-car  train,  if  the 
locomotive  was  too  small,  the  taking  off  of  a  single  car  would 
reduce  the  train  weight  33  per  cent.,  and  then  the  locomotive 
would  be  too  large,  besides  necessitating  a  change  in  the  time 
tables. 

This  need  was  still  further  emphasized  by  the  high  speeds  of 
such  trains  as  the  Empire  State  Express  of  the  New  York  Cen- 
tral and  Hudson  Eiver  Eailroad,  and  also  by  the  high  speed 
interurban  electric  cars.  In  case  of  these  electric  cars,  the 
motive  power  of  each  car  being  on  its  own  axles,  there  is  no 
possibility  of  adjustment  if  it  is  not  suited  to  its  work. 

It  will  be  seen,  then,  that  the  use  of  train  resistance  formulas 
has  changed  from  that  of  a  general  guide  to  that  of  a  fundamen- 
tal engineering  criterion.  Extreme  accuracy  is  now  a  desider- 
atum, functional  as  well  as  absolute. 

Again,  the  complication  of  the  number  of  terms  and  the  frac- 
tional exponent  is  not  the  drawback  that  it  would  appear,  as  the 
use  of  such  formulae  now  takes  the  intermediary  of  charts  or 
curves,  eliminating  all  complication  of  calculation.  Moreover, 
tho  general  use  of  the  slide-rule  makes  a  fractional  power  prac- 
tically as  easy  of  calculation  as  the  integral  factor. 

Those  who  argued  for  the  empirical  formula  pretty  generally 
stuck  to  the  single  variable  formula,  and  varied  the  coeflBcients 
to  suit  the  case.  There  were  those  who,  finding  the  two  variable 
formulae  inadequate,  apparently  went  on  an  empirical  excursion  to 
find  some  form  which  would  give  accurate  results  for  a  wider 
range  than  given  by  existing  formulae.  The  formula  of  Mr. 
John  Lundie  is  of  this  class,  and  as  stated  by  him  is: 


^=^+'^(-2  +  35^J'> 


which,  reduced  for  comparison  with  rational  formula,  becomes 

Ii  =  4:-\-  .20  31  +  -J^'        ....    (9) 
do  +  2  ^  ' 

The  third  term  of  this  equation  cannot  be  explained  rationally. 
The  depreciated  reciprocal  weight  factor  has  no  rational  analogy 
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in  practice.     This  formula  has  all  the  complications  of  a  three- 
term  formula,  without  the  advantage  of  rational  formula. 

12.  Mr.  J.  A.  F.  Aspinall,  the  General  Manager  of  the  Lan- 
cashire and  Yorkshire  Railway,  has  gone  into  the  matter  of 
train  resistance  in  an  exhaustive  manner,  and  presented  in 
November,  1901,  at  a  meeting  of  the  British  Institution  of  Civil 
Engineers  a  paper  on  the  subject.  He  gave  as  results  of  his 
study  and  experiments  for  a  five-car  train  : 

^  =  2-5 +^S (1^> 

Where  R  =.  resistance  in  lbs.  per  ton  of  2240  lbs.  drawn, 
V=^  velocity  of  train  in  miles  per  hour. 

He  found  that  for  a  greater  number  of  cars  that  the  length 
entered  as  a  factor  and  gave 

^  =  ^-^->- 50.8  7^0278  Z (11> 

Where  L  =  length  of  train  in  feet. 

It  will  be  noticed  that  the  independent  coefficient  is  small.  It 
can  generally  be  taken  as  a  fact  that  when  the  independent 
factor  is  less  than  three  the  formula  is  empirical^  and  that  the 
independent  coefficient  is  reduced  to  compensate  some  other 
error  introduced.  In  all  formula)  this  independent  factor  repre- 
sents the  resistance  just  before  coming  to  rest,  and  is  the  mini- 
mum  obtainable  resistance.  This  is  seldom  less  than  four  pounds, 
and  only  in  exceptional  cases  goes  below  3.5  pounds. 

Mr.  Aspinall  has  the  courage  to  go  to  a  fractional  exponent. 
He,  however,  combines  all  variables  into  one  term,  thereby  cat- 
ting loose  from  a  rational  formula.  He  has  also  a  depreciated 
reciprocal  length  factor,  which  is  comparable  with  Mr.  Lundie's 
depreciated  reciprocal  weight  factor.  Mr.  Lundie  has  a  third 
term  with  the  first  power  variable  alone,  which  Mr.  Aspinall 
does  not. 

Although  I  am  a  believer  in  a  rational  formula,  I  was  pleased 
to  see  Mr.  Aspinall's  formula,  as  he  is  the  first  man  to  «.nve, 
other  than  myself,  a  fractional  exponent  of  tlio  variahlo. 

Mr.  C.  O.  Mailloux  althou^li  lie  favors  a  rational  formula 
has  found  useful  an  empirical  formula  of  the  form 

R  =  A  ^  BM^         (12) 
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Now,  mathematically,  this  equation  can  be  made  to  very 
closely  represent  any  curve  with  a  constantly  increasing  func- 
tion, and,  therefore,  can  be  made  to  represent  pjiy  given  test 
curve,  probably,  within  the  limits  of  accuracy.  If  a  curve  be 
plotted  representing  a  given  set  of  readings,  and  a  curve  of 
form  of  equation  (12)  be  plotted  to  represent  such  curve,  if 
the  highest  points  of  the  two  curves  coincide,  it  will  be  found 
that  the  empirical  curve  cuts  the  real  curve  at  two  points,  and 
that  the  values  of  the  resistance  as  calculated  from  the  empirical 
curve  beyond  the  upper  limit  are  higher  than  the  true  values. 
It  is  very  important  in  extending  curves  to  have  all  points  deter- 
mined as  accurately  as  possible,  for  a  slight  variation  in  direction 
is  magnified  by  the  amount  of  extension.  That  this  empirical 
curve  would  give  high  results  on  the  extension  is  obvious  when 
it  is  considered  that  a  factor  varying  as  the  first  power  of  the 
velocity  is  eliminated,  and  its  place  taken  by  an  augmented 
coeflBcient  of  the  higher  power  factor.  At  low  values  of  the 
speed,  the  difference  between  the  true  value  of  the  first  power 
variable  and  its  substituted  higher  power  factor  would  probably 
be  within  the  limits  of  accuracy  of  observation,  but  this  is  not  so 
at  high  values,  and  would  always  lead  to  high  results.  This  em- 
pirical train  resistance  formula  is  good  to  represent  a  given  series 
of  results  for  mathematical  or  functional  comparison.  It,  how- 
ever, is  of  little,  or  perhaps  better  stated,  inferior  value  for  pre- 
dicted results  of  extension  beyond  the  highest  value  of  observa- 
tion. It  is  very  important  for  extending  the  curve  that  the  first 
power  factor  be  present  and  accurately  determined  as  to  its 
coefficient. 

13.  Another  important  point  which  the  empirical  formulae 
entirely  leave  out  is  the  relative  value  of  the  different  portions 
of  the  resistance.  In  a  rational  formula  it  will  be  seen  that  the 
side  air  resistance  comes  within  the  limits  of  accuracy  at  about 
30  miles  per  hour,  and  the  head  and  stern  resistances  become 
negligible  for  a  six-car  train  at  about  the  same  speed ;  but  for  a 
single-car  train,  they  do  not  become  negligible  till  you  get  down 
towards  20  miles  per  hour.  It  would  seem  this  is  a  very  impor- 
tant function  of  a  train  resistance  formula. 

14.  It  would  seem,  inconclusion,  that  all  arguments  favor  the 
rational  form  rather  than  the  empirical  form,  and  that  the 
highest  exponential  variable  should  have  a  fractional  exponent 
between  one  and  two. 
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DISCUSSION. 

Prof.  G,  Lanza. — In  order  to  discuss  intelligently  Mr.  Blood's 
contribution  to  the  voluminous  literature  extant  on  train  resist- 
ance, we  must  bear  in  mind  that,  in  order  to  serve  any  useful 
purpose,  the  results  obtained  by  the  use  of  such  formuhe  should 
furnish  the  resistance  witli  such  degree  of  accuracy  as  is  needed 
for  use  in  practice.  Hence  I  am  deeply  interested  in  any  set  of 
formulae,  whether  rational  or  empirical,  which  will  enable  us  to 
compute  the  resistance  to  ])e  overcome  in  pulling  trains  in  actual 
service,  with  an  error  not  greater  than  10  or  15  |>er  cent.,  and 
which  can  be  and  have  been  verified  hy  experiments  upon  trains 
in  actual  service. 

On  the  other  liand,  I  am  not  much  interested  in  formula), 
whether  rational  or  empirical,  which  will  not  bear  this  test. 

It  is  because  a  great  deal  has  been  done  by  way  of  devising 
formulae  of  this  latter  chiss,  and  very  little  lias  been  done  by 
way  of  making  reliable  tests,  that  it  seems  to  me  that  we  have 
not  yet  obtained  enough  reliable  data  to  warrant  us  in  the  hope 
of  deducing  rational  fornmla3  that  shall  be  applicable  to  the 
conditions  of  service. 

To  explain  more  fully  the  beaiing  of  the  above,  I  will  say  that 
the  experiments  ui)on  which  train  resistance  (whether  rational 
or  empirical)  have  been  based  have  been  of  the  following  kinds: 

(a)  Bringing  the  train  up  to  some  point  on  the  road  with  a 
known  velocity,  then  letting  it  run  without  steam  and  noting 
the  distance  it  runs  befoni  coming  to  i*est. 

(J)  Observing  the  initial,  and  also  the  final  velocity  at  differ- 
ent points  in  its  travel  when  runnin<r  without  steam. 

(c)  Starting  it  at  a  zero  velocity,  at  the  top  of  an  inclined 
plane,  thus  letting  gravity  iMi|)art  velocity  to  it,  and  then  let- 
ting it  run  on  a  level  till  it  sto|)s. 

{(I)  By  taking  indicator  cards  when  it  is  a  ([uestion  of  the 
entire  train,  including  the  loctiinotive  and  tender,  an<l  by  dyna- 
mometer, when  only  the  rcsistanci^  of  the  cai*s  is  desired. 

{e)  In  many  cas(»s  oxperiincmts  liav<i  bren  nuide  by  some  of 
these  methods,  using  only  a  siniiflo  car,  instead  of  a  train  of  cars. 

It  is  l^elieved  that  th**  only  «'X|MM'inH'nts  on  train  resistance 
from  which  reliable  results  for  use  in  practic<M*an  bf?  obtained, 
are  those  where  a  recrordinir  dynainoiuet<,*r  is  used  when  it  is  a 
question  of  the  resistance  of  the  cars  alone,  or  where  indicator 
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cards  are  used,  when  it  is  a  question  of  the  resistance  of  the 
entire  train  including  the  locomotive  and  tender. 

When  any  of  the  other  methods  stated  above  are  used,  the 
train  is  not  in  the  condition  in  which  it  is  when  being  hauled 
by  the  locomotive,  as,  for  instance,  if  a  line  of  cars  be  allowed 
to  descend  a  grade,  acted  on  by  gravity  alone,  the  tensions  on 
the  train  hooks  are  quite  different  from  those  actually  occurring 
in  the  usual  running  of  a  train  on  a  level  track;  besides  which 
the  velocity  is  a  varying  one. 

When  a  recording  dynamometer  is  used,  a  dynamometer  dia- 
gram is  recorded  on  the  roll  of  paper  by  one  pencil,  while 
another  draws  a  straight  zero  line,  the  distance  between  these 
lines  representing  to  scale  the  pull  on  the  draw-bar,  while  a 
chronograph  makes  marks  dividing  up  the  straight  (zero)  line 
into  portions  described  in  equal  times,  as  say,  five  seconds. 

Having  had  occasion  to  have  the  resistance  of  certain  tiains 
deduced  from  dynamometer  diagrams,  certain  facts  develc>|ied 
which  it  may  be  well  to  mention  here: 

1.  In  working  up  such  data  it  is  necessary,  of  course,  to  take 
account  of  the  difference  of  actual  energy,  and  also  of  the  differ- 
ence of  level  at  the  beginning  and  end  of  the  section  under 
consideration. 

2.  If  the  attempt  is  made  to  use  five-second  periods,  so  much 
difficulty  will  be  found  in  a  correct  determination  of  the  speed 
that  the  increase  in  velocity  head  due  to  the  consequent  inac- 
curacy is  liable  to  be  larger  than  the  head  due  to  dynamometer 
work,  and  hence  follow  very  variable  and  often  absurd  results. 

3.  Indeed,  two  adjacent  five-second  spaces  will  often  vary  by 
0  or  7  per  cent.,  and  such  a  variation  in  the  space  of  five  seconds 
would,  in  the  case  of  a  heavy  train  running  at  high  speed,  re- 
quire more  power  than  any  locomotive  could  exert  while  pulling 
its  train. 

4.  Hence  it  follows  that  the  use  of  five-second  periods  in 
working  up  dynamometer  diagrams  is  entirely  unsuitable. 

5.  In  view  of  all  the  above,  the  following  was  the  method 
adopted.  Compute  the  resistance  over  stretches  of  straight 
track  at  least  five  miles  long,  over  which  the  maximum  vari- 
ation of  speed  docs  not  exceed  five  miles  per  hour. 

(>,  It  is,  of  course,  of  the  greatest  importance  that  the  dyna- 
mometer should  weigh  the  pull  correctly,  and  that  no  doubt 
whatever  should  exist  in  this  regard. 
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111  the  light  of  tlie  above  it  will  be  evident,  it  seems  to  me, 
that  very  few  of  the  triiin  resistance  formulae  that  have  been 
proposed  are  based  upon  such  experimental  data  as  will  entitle 
thera  to  the  confidence  of  railroad  men,  and  of  the  locomotive 
builders,  and  moreover,  that  tliose  quoted  by  Mr.  Blood  as  hav- 
ing been  derived  from  experiments  made  upon  the  Eastern  Rail- 
road of  France,  cannot  be  included  in  the  list,  inasmuch  as, 
according  to  George  Meyer,  in  "  Locomotivbau, "  of  Heusinger 
von  Waldegg,  pages  GO  and  70,  their  experiments  were  made  by 
the  following  methods: 

{a)  By  using  single  cars,  imparting  to  them  a  certain  initial 
vel(X5ity,  and  then  noting  their  velocity  at  fixed  intervals,  and 
the  distance  run  before  coming  to  rest. 

(5)  By  using  single  cars  drawn  by  a  locomotive  with  a  dyna- 
mometer car  interposed. 

(r)  By.  imparting  to  the  locomotive  a  given  speed,  and  then 
letting  it  run  with  a  closed  tlirottle. 

{d)  By  pulling  a  locomotive  with  its  tender,  in  running  order, 
with  closed  throttle,  the  link  at  the  middle,  and  cylinder  cocks 
open,  by  means  of  another  locomotive,  with  a  dynamometer  car 
interposed. 

{e)  By  hauling  a  train  of  loaded  coal  cars  by  a  locomotive, 
with  a  dynamometer  car  interposed,  the  speeds  being  from  1^  to 
11  meters  i)er  second,  the  latter  being  about  24  miles  per  hour. 

Inasmuch  as  i[r.  J>l()()d  does  not,  in  this  paper,  give  any 
account  of  the  experiments  u[)on  which  he  bases  his  own  for- 
mulae, it  is  not  possible  to  ex])ress  any  o])inion  regarding  their 
applicability  in  practice. 

It  should  be  observed,  however,  that,  while  it  is  common  to 
give  formuhe  for  train  resistance  in  pounds  i)er  ton,  it  is  never- 
theless manifestly  incorrect  to  do  so,  inasmuch  as  the  greater 
part  of  the  resistances  are  not  proportional  to  the  weights  of 
the  trains.  Thus  the  resistance  of  a  train  of  empty  freight  cars 
does  not  l>ear  to  the  resistanc^e  of  the  same  train  loaded,  the  ratio 
of  their  weights. 

To  discuss  the  merits  of  those  formuho  which  are  based  ui)on 
experimental  data  of  the  right  kind  would  prolong  this  discus- 
sion to  too  great  an  extent. 

Mi\  IL  W<n/f'  //ihh(fn7.  —  I  note  a  remark  in  tlie  pa])er  to  the 
effect  that  *' extreme  accuracy  is  now  a  desideratum,  functi(mal 
as  well  as  absolute."     It  would  be  iny  opinirm  that  the  formula, 
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more  rational  than  the  old  ones  although  it  may  be,  is  still  far 
from  being  an  accurate  formula,  and  I  very  much  doubt  whether 
we  can  have  an  accurate  formula  which  will  provide  for  all  vary- 
ing conditions,  the  vast  number  of  which  are  entirely  unknown. 
It  is  a  very  well  known  fact  that  yard-masters,  in  making  up 
trains  for  a  locomotive  of  a  given  draw-bar  pull,  are  obliged  to 
take  into  consideration  whether  the  train  is  to  be  made  up  of 
loaded  or  empty  cars,  or  a  mixture.  There  are  many  other  con- 
siderations that  affect  the  draw-bar  pull  of  a  train;  for  instance, 
whether  the  trucks  are  vertically  stifif  and  whether  they  are 
horizontally  square;  whether  some  of  the  trucks  are  side-bearing 
trucks  or  centre-bearing  trucks;  whether  the  cars  are  old  or 
new ;  the  material  of  the  axle  brasses ;  the  kind  of  oil,  the 
method  of  lubrication  and  condition  of  the  oil.  In  fact,  I 
have  here  noted  offhand  some  fifteen  different  items,  none  of 
which  the  formula  seems  to  have  taken  into  consideration. 
Probably  an  attempt  to  make  it  do  so  would  render  it  entire- 
ly impractical  and  unwieldy  for  general  railroad  service. 

I  do  not  speak  in  order  to  throw  distrust  upon  the  formula, 
but  simply  to  point  out  the  burden  of  my  remarks,  which  is  this: 
that  I  believe  this  formula,  as  many  other  formulae — for  in- 
stance, for  columns— should  not  be  considered  as  absolute 
formulae,  but  should  be  used  for  camparative  purposes.  For 
example,  if  I  am  going  to  design  a  light  side-rod  for  a  high-speed 
locomotive  I  would  not  feel  that  I  could  take  any  formula,  as, 
for  instance,  the  centrifugal  force  on  the  rapidly  vibrating  beam, 
and  take  a  given  fibre  stress  and  feel  that  that  rod  was  safe.  I 
should  want  to  take  a  rod  from  several  different  engines  very 
similar  to  the  engine  which  I  was  going  to  design,  and  use  the 
fonnuke  in  analyzing  those  existing  rods,  particularly  if  I  am 
able  to  find  some  rods  which  have  broken  and  some  which  have 
not  quite  broken,  and  then,  having  analyzed  those  rods,  use  the 
comparative  fibre  stress  thus  found  for  designing  my  new  rod. 
In  the  same  way  this  train-resistance  formula,  although  perhaps 
better  than  the  old  formuhe,  is  yet  a  formula  which  should  be 
used  only  in  some  such  way  as  the  above — for  comparison  pur- 
poses, find  not  as  an  absolutely  accurate  formula. 

3/>.  Blood, ^ — I  would  say  in  reply  that  I  think  all  formulaB 
could  to  a  large  extent  have  that  same  criticism  applied  to  them. 


'  Author's  Closure,  under  the  Rules. 
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The  points  brought  out  by  this  fonnula  are  rather  its  functional 
accuracy  as  compared  with  the  functional  inadequacy  of  pre- 
vious formulae  than  to  claim  for  it  an  absolute  value  in  ever\^ 
case.  In  the  next  to  last  paragraph  of  section  9,  I  have  meant 
to  emphasize  this  feature  when  I  said: 

"  As  our  experimental  data  are  increased  it  will  be  possible  to 
correlate  these  coefficients  more  intimately  with  the  elements  of 
friction  they  represent." 

The  points  which  have  come  up  in  Mr.  Dudley's  experiments 
with  rails  on  the  New  York  Central  Railroad  would  all  be  taken 
care  of  in  these  various  coefficients.  Coefficient  B  is  dependent 
largely  upon  the  tracks.  Coefficient  A  is  dependent  largely  on 
the  pressures,  the  style  of  the  journals  and  trucks  and  the 
mounting  of  the  cars.  By  taking  the  proper  coefficients  in  a 
rational  type  formula,  a  formula  would  be  made  up  which  would 
give  accurate  results,  and  as  absolutely  as  if  the  resistance  were 
chosen  with  direct  reference  to  the  experimental  data  on  the 
subject  besides  being  functionally  accurate. 

The  communication  of  Professor  Lanza  does  not  appreciate  the 
points  brought  out  in  the  above  paper,  as  most  of  the  points  he 
makes  would  be  answered  by  statements  in  the  paper.  Pro- 
fessor Lanza's  work  in  emphasizing  the  value  of  full  sized  actual 
tests  for  engineering  data  is  appreciated  by  the  engineering  pro- 
fession. At  the  same  time,  this  is  not  the  whole  of  the  engi- 
neering work,  and  functional  accuracy  is  as  important  as  abso- 
lute results  in  certain  cases.  The  paper  discusses  tliis  matter  of 
functional  accuracy,  and  presents  a  formula  for  such  functional 
accuracy  of  the  different  variables.  It  is  ])resente(l  in  tlio  paper, 
in  next  to  the  last  paragraph  of  section  9,  that  the  increase  in 
the  experimental  data  will  bring  the  fonnula  into  more  intimate 
relation  with  actual  results. 

Professor  Lanza  apparently  does  not  appreciate  that  many  of  the 
most  important  cases  where  train  resistance  formula  is  used,  or  I 
might  say,  many  places  where  an  accurate  fonnula  is  most  need- 
ful, are  those  where  tlie  e  'ulitions  «are  beyond  or  outside  of  an}'' 
heretofore  experienced,  and  which  cannot  previously  luive  been 
verified  by  experiment,  in  such  cases  it  is  exceedingly  impor- 
tant that  the  functional  accuracy  of  the  formula,  be  as  great  as 
possible,  and  these  cases  above  all  otiiers  einj)Iiasize  the  need  of 
a  rational  formula  as  against  an  empirical.  If  train  resistance 
of  an  exact  relation  to  some  previous  experiment  is  desired,  it  is 
02 
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useless  to  have  a  formula  at  all,  as  the  records  of  the  experiment 
will  be  more  accurate  than  by  transforming  such  records  into 
a  formula  and  calculating  back  for  result.  The  list  of  various 
methods  of  calculating  resistance  shows  that  Professor  Lanza  is 
not  cognizant  of  the  latest  work  on  this  matter.  The  results 
taken  from  electrically  propelled  trains  and  cars  give  oppor- 
tunity for  much  greater  accuracy  on  account  of  the  extreme 
accuracy  possible  with  electrical  measurements,  and  also  on 
account  of  the  uniformity  of  conditions  in  the  transmission  of 
the  electric  energy  into  the  mechanical  energy  of  the  moving 
train.  The  experiments  at  Zossen,  Mr.  Davis's  experiments  at 
Niagara,  to  say  nothing  of  the  numerous  exj>eriments  on  the 
elevated  railways  in  this  country  and  on  the  Central  London 
Railway  in  England,  are  examples  where  accurate  results  have 
been  obtained  as  regards  the  relation  of  the  various  physical 
forces  of  moving  train. 

Professor  Lanza's  statement  that  the  train  must  be  under  ser- 
vice conditions  when  the  measurements  are  made  is  one  of  im- 
portance, and  he  appreciates  that  a  dynamometer  excludes  the 
head  air  resistance  and  therefore  mentions  that  power  must  be 
taken  from  the  prime  mover  if  this  is  to  be  included.  He  mentions 
inaccuracy  introduced  in  using  a  chronograph  dynamometer.  I 
believe  that  this  instrument  is  as  accurate  as  results  obtained  by 
indicator  cards.  Also,  it  was  pointed  out  that  an  average  of  a 
series  of  results  from  a  chronograph  will  eliminate  the  errors  of 
inertia  of  the  pointer  just  as  well  as  Professor  Lanza's  sug- 
gested method  of  calculation  over  five  miles  of  track.  The  aver- 
age of  five  miles  of  readings  on  the  chronograph  would  probably 
check  very  well  with  resistance  calculated  on  five  miles  of  track 
according  to  Professor  Lanza's  suggestion. 

Professor  Lanza's  statement  with  reference  to  my  use  of  the 
Eastern  Railway  of  France  test  is  entirely  outside  of  anything 
presented  in  the  paper.  The  last  paragraph  of  section  4  and 
section  5  gives  certain  conclusions  drawn  from  the  form  of  the 
formula,  and  nothing  is  mentioned  with  reference  to  absolute 
values.  Besides  the  objections  mentioned  by  Professor  Lanza 
concerning  the  method  of  taking  these  French  tests,  an  objection 
which  would  overbalance  them  all  would  be  that  the  construc- 
tion of  cars  and  locomotives  were  different  from  those  used  in 
this  country. 

Professor  Lanza's  statement  tluit  it  is  manifestly  incorrect  to 
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give  train  resistance  in  pounds  per  ton  is  a  manifestly  incorrect 
statement.  Question  as  to  whether  resistances  given  in  total 
pounds  or  pounds  per  ton  weight  of  train  is  not  one  of  correctness 
or  incorrectness,  but  one  of  convenience.  It  is  acknowledged  by 
all  engineers  that  a  portion  of  the  train  resistance  is  independent  of 
the  weight  or  length  of  the  train,  and  also  that  a  portion  of  the 
train  resistance  is  proportional  to  the  weight  or  length  of  the 
train.  On  this  account,  in  any  formula  you  must  have  some 
term  which  contains  the  weight  or  length'  of  the  train.  The  air 
resistance  on  the  head  and  stern  of  the  train  is  independent  of 
the  weight  or  length,  and  therefore,  if  the  resistance  is  given  in 
pounds  per  ton,  this  air  resistance  would  vary  inversely  as  the 
weight  of  the  train,  whereas  if  the  air  resistance  were  given  in 
total  pounds,  the  term  would  be  independent  of  the  weight  of 
the  train.  Again,  the  track  resistance  which  is  the  resistance 
due  to  the  wheels  passing  over  the  track  is  proportional  to  the 
number  of  wheels  passing,  which  are  with  a  uniform  train  pro- 
portional to  the  weight  of  the  train.  Consequently,  the  formula 
giving  track  resistance  in  pounds  per  ton  would  be  independent 
of  the  weight  of  the  train,  whereas  a  formula  giving  the  track 
resistance  in  total  pounds  would  be  proportional  to  the  weight 
of  the  train. 

The  statement  that  the  resistance  of  a  train  of  empty  freight 
cars  does  not  bear  to  the  resistance  of  tlie  same  train  loaded,  the 
ratio  of  their  weights  is  perfectly  true,  but  does  not  argue 
against  a  resistance  formula  giving  resistance  in  pounds  per  ton. 
It  does  argue,  liowever,  for  a  rational  train  formula.  The  reason 
for  the  variation  is  that  the  coefficient  of  journal  friction  and 
track  friction  are  different,  due  to  tlie  different  conditions,  and 
the  only  way  of  making  a  formula  correspond  with  results,  is  to 
have  proper  coefficients  apply.  This  is  only  possible  where  the 
various  factors  of  the  resistance  are  so  segregated  that  it  is  pos- 
sible to  modify  by  coefficient  that  portion  of  the  resistance 
which  is  chan<^ed  bv  the  chancre  in  conditions. 

Paucity  of  experimental  results  on  train  resistance,  especially 
at  high  speeds,  is  apparent  to  all,  and  I  believe  that  a  reason  for 
this  is  that  the  functional  relation  of  the  different  variables  has  not 
been  sufficiently  well  approciat(Ml  in  order  that  experimental 
work  can  be  carried  out  intollif>^ently.  It  was  largely  to  aid  in 
this  matter  that  this  paper  was  presented,  and  it  is  believed  that 
where  the  proper  relation  of  the  variables  is  appreciated  that 
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results  of  experiment  can  be  more  easily  tabulated,  and  there- 
fore become  sooner  available  in  actual  engineering  work. 

The  points  of  difference  in  the  formulae  presented  in  the  above 
paper  are  largely  in  the  third  term.  It  is  believed  that  this  third 
term  should  have  an  exponent  between  1  and  2,  and  nearer  2. 
It  is  believed  that  this  term  should  have  a  coefficient,  which 
should  be  the  sum  of  two  coefficients,  one  of  which  should  have 
in  the  denominator  a  variable  proportional  to  the  weight  or 
length  of  the  train. 
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THE  BVRSTTNG   OF  BMERV  WHEELS. 


KY  CU-^BLES  n,   aENJ4mm,  tJ^lTBU^NTJ^    OHIO. 

^Mtmljer  ctf  lh*5  Society,  j 

1,  Setebal  years  ago  the  writer  was  consulted  regarding  some 
points  of  a  case  in  litigation  ocoiisioned  by  the  bursting  of  an 
emery  wheel  and  the  resulting  death  of  a  workman.  The  ques- 
tion to  be  decided  was  whether  the  wiieel  was  unsafe  at  the  speed 
recomniendeil  by  the  makers,  or  whether  the  accident  was  due  to 
the  carelessness  of  the  operator. 

As  it  wtis  just  then  an  off  yeai*  for  experiments  on  fly-whoels 
there  seemetl  to  be  no  good  reason  why  the  same  medicine  could 
not  be  tried  on  emery  wheels.  Tlie  apparatus  already  described 
in  foriner  papers  mad  before  this  Societjj  with  some  slight  altera- 
tions, vvas  adapted  to  the  new  requirements,  and  in  the  spring  of 
1902,  fifteen  wheels  of  various  makes  were  tested  to  destruction. 

%.  For  the  actual  details  of  the  work  credit  is  due  to  Messrs, 
Chandler  and  Krueger  of  the  class  of  1902,  Case  School  of 
Applied  Science,  Most  manufactures  of  this  class  of  wheels  test 
them  for  their  own  information,  but  the  results  are  not  generally 
given  to  the  public ;  the  writer  knows  of  no  published  data  on 
this  subject.  At  the  Norton  Emery  Wheel  Works,  all  wheels 
are  tested  before  leaving  the  shop  at  a  speed  double  that  allowed 
in  regular  service,  and  occasionally  wheels  are  burst  to  determine 
the  actual  factor  of  safety: 

3.  Emery- wlieel  accidents  are  not  uncommon j  but  can  usually  be 
traceil  to  the  carelessness  of  the  operator.  One  common  cause  of 
failui-e  is  allowing  a  small  piece  of  work  to  slip  or  roll  between 
the  wlieel  and  the  rest*  The  writer  was  once  present  at  an  occa- 
sion of  this  kind,  and  although  be  fortunately  was  not  in  the 
plane  of  rotation^  he  has  never  forgotten  his  sensations- 
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4,  Tiie  wlioels  selected  for  the  experiments  were  all  of  the  same 
size,  being  sixteen  indies  in  tUameter  by  one  inch  thick,  and  hav- 
ing a  liole  one  and  one  quarter  inches  in  diameter. 

The  object  of  the  experiments  being  to  determine  the  bursting 
speed  of  such  wheels  as  are  actually  on  the  market,  emery  wheels 


Frci.  140 


^vere  obtained  through  various  outside  parties  without  indicating 
Lo  the  agents  or  manufacturers  the  use  to  be  made  of  them, 

5,  In  this  way  wheels  of  six  different  makes  were  obtained ,  the 
label  on  each  wlieel  showing  usually  the  maker's  name,  tlie  giude 
nnmher  or  letter,  the  quality  of  emery  and  the  speed  recom- 
menile<]  for  use.  As  shown  in  the  table  of  results,  the  w*orking 
s[M^ed  varied  in  the  different  wheels  from  1,150  to  1,400  revolu- 
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tions  per  minute,  the  average  being  about  1,200  revolutions  per 
minute.  For  a  diameter  of  sixteen  inches  this  corresponds  to  a 
peripheral  velocity  of  about  5,000  feet  per  minute. 

The  table  also  shows  that  the  fineness  of  the  emery  varied  from 
ten  to  sixty,  the  average  being  about  thirty. 


TABLE. 


WoRKiNo  Speed. 

1  Bursting  Speed. 

No.  of 
Test. 

Grade 
Mark. 

No.  of 
Emery. 

1 

Speed 
hatio. 

Frfctor 

of 
Safety 

Revi.  per 
MiDQte. 

Feet  per 
Minute. 

1 

;  Revs,  per 
Minute. 

Feet  per 
Minute. 

Remarks.  ^ 

4.H 
4. .5 
4.5 

IS 

20 

1,200 
1.200 
1,200 

5,030 
5,080 
5,080 

8,100 
8,200 
8,850 

18,000 
18,400 
14,020 

2.68 
2.67 
2.79 

6.C7 
7.14 
7.73 

1 

SO 
80 

1,250 
1.260 

5,880 
5,230 

8,750 
2.760 

15,700 
11.600 

8.00 
2.20 

9.00 

4.84 

H 
H 

80 
80 

1.400 
1,400 

5,870 
5,870 

4,550 
4,600 

19.050 
19,200 

8.25 
8.28 

10.56 
10.76 

»   Wire 
f  Netting. 

O 
O 

86 
86 

1,250 
1,250 

5.280 
5.230 

4,100 
4,125 

17,200 
17,250 

8.28 
8.80 

10.76 
10.89 

10 
11 

2.6 
2.6 

60 
60 

1,150 
1,150 

4,880 

4,880 

2,750 
2,900 

11,500 
12,100 

2.89 
2.52 

5.71 
6.85 

12 
18 

M.H. 

14 
24 

1,200 
1.200 

5,080 
5,080 

8,100 
8,800 

12,970 
15.900 

2.58 
8.17 

6.66 
10.00 

14 
16 

H 
H 

10-12 
10-12 

1,200 
1,200 

5,080 
5,080 

4,100 
4,350 

17,200 
18,200 

8.42 
8.62 

11.70 
18.10 

I  Vulcanized 
f  Rubber. 

972 


TUE   BtfRSTING   OF    EMERY   WHEELS. 


under  lines  10  and  11,  m  but  1,150  revolutions  per  rninntej  when?as 
in  otliers  it  U  1,200^  1^250  and  1,400,  Sc*  that  a  person  looking 
down  the  column  **  Factor  of  safety ''  without  looking  back  to 
**  Revolutions  |>er  mimite ''  would  tliink  that  tlie  strongest  wheels 
were  not  as  gitrong  as  would  ^how  bj  taking,  for  instance,  the  basis 
of  1,200  revolutions  for  all  the  wheels. 

Another  thing,  with  reference  to  these  dove-tailed  clamps  or 
collars.  8ome  years  ago  I  obtained  a  patent  on  that  device.  The 
patent  has  since  expired ;  I  never  used  it  myself,  but  it  has  beea 
used  bv  other  makers,  I  have  found  that  in  several  eases  there 
is  a  temptation  to  make  a  weak  wheel  and  depend  upon  these  col- 
lars* There  have  been  accidents  with  which  I  have  been  familiar 
where  not  only  has  the  wheel  brokeu,  but  tlie  collar  as  well. 

Mr.  C.  T\  Kerr, — I  was  especially  s^truck  with  the  last  sentence 
in  the  paper  regarding  the  published  discussions  on  the  centrifugal 
stresses  in  rotating  discs  as  distinct  from  tliose  in  thin  rings,  I 
did  not  get  a  copy  of  the  paper  until  this  morning,  and  so  I  have 
not  had  an  opportunity  to  get  what  I  would  like  to  say  in  the  proper 
shape. 

For  thin  rot^iting  rings^  for  steel  the  stress  in  poiuids  jyer  square 
inch  is  0.105i'^,  for  east  iron,  0.09  7t?^ ;  for  solid  rotating  discs,  for 
steel  the  stress  will  be  0.03  5r^i  and  for  cast  iron^  0,032  r^,  where 
r  is  the  rim  velocity  in  feet  per  second. 

Theoretically,  the  stress  for  solid  rotating  discs  is  just  one-third 
what  it  is  for  a  rotating  ring.  The  reason  is  that  the  inner  layers 
of  metal  in  the  disc  give  support  to  the  outer  layers. 

Mr,  C alder. — I  was  employed  at  one  works  where  one  of  the 
workmen  was  killed  by  the  bursting  of  an  emery  wheel,  and  we 
began  to  look  around  to  see  what  could  be  done  as  a  safeguard 
against  such  accidents  in  the  future.  One  thing  that  we  did,  was 
to  provide  a  guard  aroinid  tlie  wheel.  We  got  the  maker  of  the 
wheel  to  make  a  wheel  slightly  convex  on  the  side,  and  we  used 
a  washer  which  was  concave.  The  result  was,  as  Professor  Benja- 
min shows  in  his  paper,  that,  when  a  break  comes  from  a  radial 
direction,  the  pieces  break,  it  is  true,  but  they  cannot  fly  out  and 
cause  injury, 

JTr.  H.  A,  liichmond.—PvofesBor  Benjamin  refers  to  the  Taria- 
tiou  in  strengtii  of  different  emery  wheels,  but  fails  to  mention 
one  very  potent  factor  in  this  variation,  T  refer  to  the  grade  of 
hardness.  As  is  well  known,  emery  wheels  are  made  in  a  variety 
of  grades  (each  suitable  for  a  particular  class  of  grinding\  this 
variation  in  hardness  being  effected  principally  by  an  increase  or 
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dfprease  m  tliG  proportion  of  bonr!  to  abrfisivo.  Since  a  hard  wheel 
contains  relatively  niurt*  lioTn!  than  a  soft  one,  it  should  be  stronger^ 
Htid  thi.^  is  found  to  be  the  fact.  No  very  soft  wheels  appear  to 
Imvo  been  tested  in  Professoi*  Benjtnnin's  experiments,  but  num- 
bers 10  and  11  appear  froui  the  grade  marks  to  bave  been  the 
softestj  and,  as  stated  in  the  paper,  these  were  the  w^eakest  of  the 
h>t.  Had  wheels  soft  enough  for  snrfaeinf^  tenypered  steel  been 
tested,  a  mufb  wider  variation  in  RtreTigth  wonld  linvo  lieen  shown. 


Fir-.   152^^. 

I  know  of  some  wheels  used  for  a  special  purpose  whieb  liave  to 
he  made  so  soft  that  breakage  is  not  iineonimcm,  even  though  they 
are  nsed  under  the  best  possible  enndi lions. 

I  hope  Professor  Benjamin  w^ill  make  some  fnrther  tests  with 
special  reference  to  the  grade  of  bardneBS, 

ifr.  Waldron. — This  paper,  undoid^tedly,  fills  a  long-felt  want, 
by  giving  reliable  data  rclaiine:  to  the  aetnftl  strength  of  emery 
wheels.  During  tlio  past  year  thi?^  proposition  has  been  brongbt 
home  to  the  wTiter  most  seriously,  as,  in  the  Yale  and  Towne 
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Wnrks,  we  have  had  thrw  cuwry  \v1jpp1s  Imrst  in  nnr  iron  foinidry 
griinling  room,  from  difft^rent  causes.  In  mw  case  a  man  was* 
killed"  in  the  second,  another  was  seriously  injured;  while  in  the 
tliird,  uutside  of  a  larpfe  dciit  in  ihv  c*oi]in^%  no  injury  wtm  done. 

Th{^se  thrtH^  atM'idonts,  ocenrring  within  a  period  of  six  months, 
naturally  raii^^tHl  the  i|Ui*!?tiun  as  to  what  caused  thom.  The-  writer 
was  directed  to  investigate  the  eunses  of  tronhle,  and  to  deWse 
reniedicii,  and  has  established  a  method  whereby,  whether  throngh 
tin*  earek'si^ness  of  the  men  or  from  any  inherent  fault  of  the 
wheels  or  their  innufitings,  accidents  as  serious  as  the  above  should 
lie  avoided. 

For  the  l>enefit  of  those  who  arc  interested,  and  of  humanity  at 
lar^e,  aiul  as  a  fitting  supjdenient  to  this  excellent  paper,  the  eon- 
el  usioius  so  reaehed  are  reiHjrted  as  follows : 

(1)  That  almost  invariably,  as  stated  by  Professor  Jienjainin, 
tliese  aeei<lents  are  tine  to  the  earelessness  of  the  operator. 

(2)  That  griuding  niaehines^  as  a  class,  are  giveu  less  attention 
tliati  any  other  machines  in  a  factory. 

(i'l)  That  roituvjinitively  few  mannfaeturers  provide  protective 
guards  for  tlieir  operators. 

(4)  Tluit  improper  rei^ts  are  probably  the  en  use  of  more  acci- 
ilents  than  any  one  thing, 

(5)  That  a  tendency  pn^vails  to  speed  up  large  and  bea^'y 
wheels,  often  improperlv  halaneed  on  ton  liijbt  a  frame, 

NOTICE. 
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(6)  That  it  is  the  tcndcnev  of  almost  every  operator  to  use  the 
emery  wheel  truing  device,  and  it  seems  to  have  a  special  attrac- 
tion for  a  new  man  in  the  business. 

(7)  That  it  is  the  tendency  of  all  piece-work  operators  in  grind- 
ing-rooms  to  exceed  the  working  speed  limits  of  the  wheels  which 
they  use. 

To  avoid  accidents,  the  following  plan  was  adopted: 

1.  All  grinding  machines  throughout  the  entire  factory  had 
their  speeds  scheduled,  numbers  given  to  the  machines  and  a 
record  of  the  same  kept  in  the  office. 

2.  All  requisitions  for  emery  wheels  must  state  on  them  the 
number  of  the  machine  on  which  the  wheel  is  to  be  used.  The 
list  in  the  office  is  then  referred  to,  ancl^  if  the  size  of  this  wheel 
comes  within  the  proper  limits  of  periphery  speed  for  the  par- 
ticular machine,  the  requisition  is  passed  to  the  Purchasing  Agent. 

3.  Light  steel  guards  (obtainable  in  the  open  market)  have  been 
placed  on  all  the  machines,  so  far  as  practicable. 

4.  A  special  machine  has  been  designed  for  10-inch  wheels,  and 
extra  heavy  base,  with  very  large  spindle  and  ring  oiling  bearings, 
bolted  to  4  by  6-inch  timbers,  laid  in  concrete.  This  is  pro- 
vided with  substantial  rests,  and  one  s])eed  only  is  provided  for 
each  machine.  After  the  wheel  is  worn  down  to  a  certain  diiini- 
eter,  it  is  transferred  to  the  next  machine,  which  makes  a  greater 
number  of  revolutions  per  minute.  Back  of  each  of  tliese  ma- 
chines a  placard  is  posted,  on  which  is  stated  the  nuni])er  of  revo- 
lutions per  minute  and  maximum  diameter  of  wheel  which  is  per- 
mitted to  be  used  on  it.  (irinders  witli  cone  pulleys  are  being 
discarded. 

i>.  The  emery  wheel  dresser  is  kept  under  lock  and  key,  and 
one  man  is  held  responsible  for  the  truth  and  Imlance  of  all  wheels. 

6.  Use  of  wheels  with  large  holes  (say  above  2-inch  holes  for 
lO-inch  wheels)  has  been  discontinued. 

With  these  precautions,  it  has  been  found  that  large  wheels 
can  be  easily  speeded  to  0,000  f(>et  ]yrr  minute,  at  tlie  ])eri])liery, 
with  perfect  safety  to  the  operator  and  a  corresponding  increase 
in  production. 

In  the  light  of  these  tests  by  Professor  P>enjainin,  it  is  evi<l<  nt 
that  a  liberal  factor  of  safety  has  been  provi(le<l  by  re])ntal)le  mak- 
ers of  emerv  wheels,  and  that,  as  a  general  ])ro])osition,  the  ])urst- 
ing  of  emery  wheels  is  directly  traceable  to  r-p-olo'^snc^^s  on  the 
part  of  operators,  and  indirectlv  traceabh^  to  improper  mountings, 
badly  designed  and  poorly  adjusted  rests,  improper  and  ignorant 
handling  of  the  emery  wheel  dressei'. 
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A    COMPARATIVE  OIL   TEST. 

BT  WILLIAM  F.  PARISH  JR.,  BOSTON,  MASS. 

(Junior  Member  of  the  Society.) 

1.  Of  all  the  methods  of  testing  lubricating  oils  there  is  none 
that  is  quite  so  interesting,  or  that  will  give  so  graphically  and 
in  so  short  a  time  the  effect  of  an  increase  or  a  decrease  in  fric- 
tional  resistance  as  a  dynamometrical  test  upon  a  cotton-spinning 
frame  of  the  ring  type. 

It  is  the  purpose  of  this  paper  to  describe  in  detail  a  short  but 
very  conclusive  test  of  this  nature. 

The  test  was  made  for  the  purpose  of  -showing  the  relative 
efficiency  of  two  different  grades  of  oil,  both  of  which  were 
made  for  the  same  kind  of  service — i.e.,  spindle  lubrication. 

One  of  the  oils  has  been  tested  several  hundred  times  in  the 
manner  outlined  in  this  paper,  and  the  main  characteristics 
shown  here  have  been  recorded  in  every  test.  These  tests  have 
been  conducted  in  every  country  where  the  spinning  frame  is  in 
use,  and  the  reduction  in  power  shown  by  this  oil  has  ranged 
from  4.2  per  cent,  as  high  as  32.6  per  cent. 

The  same  general  system  is  employed  in  making  these  tests, 
varying  in  such  details  as  duration  of  test,  number  of  readings, 
etc.  Some  tests  cover  a  week  on  each  oil,  which  is  necessary  if 
a  work  load  and  atmosphere  variable  is  to  be  averaged. 

In  the  test  here  given  the  work  load  was  taken  for  half  an 
hour  just  previous  to  doffing,  which  is  done  when  the  bobbins 
are  full,  and  for  the  same  length  of  time  when  the  bobbins  were 
just  beginning  to  fill.  Headings  were  secured  with  both  oils 
under  these  conditions. 

After  these  preliminary  readings,  others  were  taken  upon  bare 
spindles,  i.e.,  the  bobbins  were  taken  off  and  the  delivery  of  rov- 

*  Presented  at  the  Saratoga  meeting  (June  1903),  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV. ,  of  the  Trans- 
actions. 
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ing  stopped  by  throwing  out  the  two  back  drawing  rolls,  leaving 
on  the  front  rolls  only, which  with  the  traverse  motion,  spindles 
and  cylinder  constituted  the  test  load,  uninfluenced  by  any  vari- 
able factor  of  work. 

The  oil  used  influenced  approximately  92  per  cent,  of  this 
entire  load. 

Spinning  JFrame. 

2.  The  test  was  made  at  the  Union  Cotton  Manufacturing 
Company's  mill  No.  2,  Fall  River,  Mass.,  U.  S.  A.,  upon  a 
"Whitin  frame  of  the  following  general  specifications  : 

288  Medium  Gravity  Spindles. 
}-inch  Whorl. 
7-inch  Cylinder. 
14-inch  Driving  Pulley. 
If-inch  Ring. 
17  per  cent.  Traveler. 
5i-inch  Filling  traverse  motion. 

This  frame  was  working  under  the  following  conditions  : 

40's  filling. 

27.5  lbs.,  weight  of  288  full  bobbins. 
14        "  "     "  288  empty   " 

13.5     "     yam  to  a  full  frame. 
90    bands  to  the  pound. 
2.31  lbs.  average  band  pull. 

The  spindles  were  of  the  "  bath  "  or  "  submerged  type,"  and 
ran  in  an  uncovered  iron  bolster  which  was  fitted  into  the  base. 

These  bases  hold  the  oil,  about  5  pints  being  required  on  a 
frame  of  this  size  to  fill  tliem  full.  While  the  frame  is  in  opera- 
tion oil  is  added  to  that  in  the  bases  at  intervals  of  from  two  to 
seven  weeks.  Oil  that  has  to  be  confined  in  these  bases  and 
operated  upon  at  the  required  spindle  speed,  which  in  the  pres- 
ent case  was  about  8,400  revolutions  per  minute,  must  neces- 
sarily be  properly  constructed.  Any  tendency  of  an  oil  ta  f^um 
or  leave  a  deposit,  to  break  down  or  wear  out  will  show  up  very 
quickly  under  these  working  conditions. 

The  oil  which  showed  the  lowest  horse-power  reading,  and 
herein  referred  to  as  F,  was  first  used  in  August,  1902,  having 
at  that  time  displaced  the  oil  herein  referred  to  as  X. 
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The  test,  when  started,  was  made  upon  the  frame  exactly  as 
found,  no  preparation  whatever  being  made.  Part  of  the  oil  in 
the  spindle  bases  had  probably  been  there  for  the  greater  part 
of  six  months. 

In  order  to  ascertain  whether  or  not  this  V  oil  had  lost  any  of 
its  eflBciency  a  check  test  was  made  with  all  conditions  the  same, 
except  that  the  spindle  bases  had  been  pumped  out,  the  bolsters 
and  spindles  washed  with  naptha,  and  new  oil  placed  in  the 


These  two  tests  vary  only  ^^j^  of  a  horse-power,  showing  that 
the  oil  had  lost  none  of  its  efficiency  through  continued  service. 

Inai/ruments, 

3.  An  exceptionally  sensitive  Emerson  dynamometer  was  used. 
This  is  a  compact  instrument,  which  is  fitted  to  the  end  of  the 
drum  shaft,  outside  of  the  loose  pulley. 

The  instrument  for  descriptive  purposes  is  practically  in  two 
parts. 

One  part  is  fastened  to  the  shaft  and  carries  the  arms,  levers, 
reducing  links,  revolution  counter,  and  the  quadrant. 

The  other  part,-  fitted  over  a  sleeve  on  the  back,  is  practically 
a  dog  plate  engaged  by  two  studs  in  the  arms  or  disk  of  the 
loose  pulley. 

In  operating  the  instrument  the  belt  is  thrown  from  the 
loose  to  the  tight  pulley.  After  the  frame  is  up  to  speed, 
and  the  loose  pulley  is  carried  at  this  same  speed,  a  sliding 
bolt  is  thrown  from  the  instrument  proper  and  is  caught  by 
one  of  the  ears  on  the  dog  plate  which  is  fastened  to  the  loose 
pulley. 

This  makes  the  loose  pulley  a  tight  pulley,  and  as  the  belt  is 
thrown  over  on  the  loose  pulley,  the  weight  of  the  frame  is  car- 
ried through  the  levers  in  the  instrument  and  is  registered  on 
the  quadrant. 

In  connection  with  this  dynamometer  a  tachometer  is  used, 
but  ip  the  present  case  it  was  found  impossible  to  secure  as  great 
accuracy  as  was  desired,  owing  to  the  difficulty  in  estimating 
the  average  movement  of  pointer  to  within  two  or  three  revo- 
lutions. 

A  Guggenheim  tachoscope  was  therefore  used.  This  instru- 
ment, which  is  of  Swiss  manufacture,  is  a  clever  combination  of 
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a  sto})- watch  and  a  revolution  counter,  both  of  which  go  into 
action  at  the  same  time. 

Horn's  tachometer,  made  in  Germany,  was  used  for  register- 
ing spindle  speeds,  5  spindles  being  selegted  and  their  average 
speed  taken. 

A  special  spiral  spindle-base  thermometer,  a  wet  and  dry  bulb 
hygrometer  for  ascertaining  relative  humidity,  and  a  Draper 
band  tension  scale  completed  the  equipment. 

Conclusion, 

4.  Before  considering  the  results  shown  by  this  test  it  may  be 
well  to  outline  the  various  eflFects  which  should  result  from  the 
use  of  a  spindle  lubricant. 

The  spindle  is  driven  by  a  band  made  of  twisted  roving.  In 
the  present  case  90  of  these  bands  weighed  1  pound.  These 
bands  are  put  on  over  the  drum  and  around  the  whorl  of  the 
spindle,  and  are  tietl  so  that  tliey  exert  a  pull  of  possibly  5  to  7 
pounds.  After  running  they  stretch  to  different  tensions,  aver- 
aging on  this  test  2.31  pounds. 

Under  this  pull  the  spindle  will  be  driven  at  a  certain  loss  or 
slippage  which  is  proportional  to  the  amount  of  fluid  or  abrasive 
resistance  around  the  spindles. 

Resistance,  either  fluid  or  abrasive  will  produce  heat. 

Extra  spindle  resistance  with  the  consequent  higher  driving 
power  required  will  produce  greater  belt  slippage. 

Assuming  a  condition  produced  ])y  a  poor  lubricant,  and  sub- 
stituting.one  more  ada])ted  to  the  work,  the  result  should  be  a 
lessened  spindle  resistance,  the  consequent  heat  should  be  re- 
duced and  the  slippage  of  hand  and  belt  should  be  lessened, 
allowing  both  to  drive  nearer  to  the  maximum  or  theoretical 
speed,  thereby  increasing  production. 

In  the  present  case  the  horse-power  to  drive  the  frame  was 
reduced  14.08  per  cent. 

The  actual  temjxMNiture  or  rise  of  s])in(lle  base  was  reihiced 
2.79  degrees  Fahr. 

The  cylinder  speed  increas(Ml  iJ.O  revolutions  ])er  minute,  and 
spindle  speed  00  revolutions  \wx  minute. 

This  checks  conclusively  by  all  the  various  effects  the  reduc- 
tion in  power  caused  by  more  ])erfect  lnl)ricati()n. 

5.  The  temperature  of  the  room  was  favorable*  to  the  oil 
which  made  the  poorer  showing,  as  it  was  somewhat  warmer. 
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Explanation  of  Charts. 

Chart  No.  I. 

Beginning  with  the  first  reading  of  the  lower  line,  representing  power  indicated 
under  V  oil  with  the  frame  as  found. 

The  frame  was  started  cold,  spinning  with  bobbins  filling,  to  full. 

Average  horse-power 3 .024 

The  frame  was  then  doffed.     Bobbins  empty. 

Average  horse-power 2.80 

Frame  with  bare  spindles,  traverse  motion  and  front  roll  only. 

Average  horse-power 2 .40 

The  upper  line  represents  the  power  required  with  X  oil  under  the  same  con- 
ditions except  the  bases  had  been  pumped  out,  bolsters  and  spindles  cleaned  with 
naptha  before  the  X  oil  was  introduced. 

Frame  cold.    Spinning  with  bobbins  filling,  to  full. 

Average  horse-power 3 .75 

Frame  doffed.     Bobbins  empty. 

Average  horse-power 3.35 

Frame  with  bare  spindles,  traverse  motion  and  front  rolls  only. 

Average  horse-power 2 .90 

Chart  No.  II. 

This  shows  tests  made  for  two  hours  on  each  oil  upon  bare  spindles,  traverse 
motion  and  front  roll  only.  The  spindle  bases  were  pumped  out  and  bolsters 
and  spindles  cleaned  in  naptha  previous  to  each  test  before  the  oil  was  placed  in 
the  spindle  bases. 

The  uppier  dotted  line  shows  the  actual  rise  in  temperature  as  shown  by  the 
spindle  base  thermometer  during  two  hours  run  on  X  oil,  starting  cold. 
Average 16.18''  Fahr. 

The  lower  dotted  line  shows  the  rise  in  temperature  with  V  oil, 
starting  cold. 
Average 13.39°  Fahr. 

Areduction of 2.79''  Fahr. 

The  upper  full  line  shows  the  power  required  with  X  oil, 
starting  cold. 
Average  horse-power  for  two  hours 2 .  904 

The  lower  full  line  shows  the  power  required  with  V  oU; 

starting  cold. 

Average  horse-power  for  two  hours 2 .  495 

With  work  conditions  the  same  V  oil  shows  a  reduction  in 

power  of 14 .08  per  cent. 
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COMPARATIVB  TaBLB  OF  AVERAOaB. 

XOiL  VOa.  Diifennce. 

norae-power 2.904 

R.  P.  M.  cylinder 963.7 

R.  P.  M.  spindle 8,380 

Temperature  spindle  base,  °  Fahr.    93 .  44 

"  room  "  77.26 

"  actual  "  16.18 

Relative  humidity  per  cent 45 .  22 

Band  pull 2.31 


2.495 

14.08  percent. 

967.3 

8.6  R.  P.M. 

8,440 

60R.P.  M. 

88.05 

74.66 

13.39 

2.79°  Fahr. 

50.02 

2.31 
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IVo.  9§5.* 

TURBINE  FLOW  RECORDER,\ 

BY  C.    M.  ALLEN,  WORCESTER,  JUASS. 

(Janior  Member  of  the  Society.) 

1.  Wherever  water-power  is  sold  it  is  customary  to  use  the 
turbines  as  meters  to  keep  an  accurate  account  of  water  used 
by  different  consumers. 

2.  The  usual  method  employed  is  to  obtain  daily  two  or  three 
records  of  the  existing  conditions  under  which  the  turbines  are 
Avorking,  the  most  important  items  being  the  gate  opening  and 
head.  The  speed  is  usually  a  constant  factor.  Then  from  tables 
and  curves  made  up  from  previous  tests  of  those  turbines,  either 
at  the  Holyoke  flume  or  on  the  ground,  data  are  obtained  from 
which  to  coiripute  with  a  fair  degree  of  accuracy  the  actual  dis- 
charge. This  is  referred  to  a  given  head  and  thence  reduced  to 
mill-powers,  the  values  of  which  vary  with  the  locality.  For 
instance,  a  mill-power  at  Ilolyoke  is  38  cubic  feet  per  second  dis- 
charging under  a  head  of  20  feet,  corresponding  to  85.2  theoreti- 
cal horse-power.  A  mill-power  at  Lowell  is  30  cubic  feet  per 
second  discharging  under  a  head  of  25  feet,  corresponding  to 
86.4  theoretical  horse-power,  while  at  Minneapolis  a  mill-power 
is  30  cubic  feet  per  second  discharging  under  22  feet,  correspond- 
ing to  75  theoretical  horse-power. 

3.  The  time  of  taking  the  daily  observations  is  continually 
changed,  and  in  the  long  run  it  is  supposed  that  an  approximate 
average  will  be  obtained. 

4.  The  object  in  designing  this  turbine  flow  recorder  was  in 
part  to  do  away  with  the  manual  labor  connecteil  with  the  sys- 
tem just  mentioned,  as  well  as  to  get,  if  possible,  a  more  accur- 


*  Presented   at  tbe  Saratoga  iiieeiiug  (.luue,  19U3)  of  tlio   American    Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Transactions. 

f  For  further  references  on  this  subject,  see  Transactions  as  follows  : 
No.  583,  vol.  xiv.,  p.  676  :  '*  Water  Measurements."     F.  Lux. 
No.  134.  vol.  v.,  p.  63  :  ''  Tilting  Water  Meter."     J.  C.  Hoadley. 
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ate  record  of  the  actual  discharge  m  that  readings  are  registered 
much  more  frequently;  these  being  taken  once  a  xninutc  instead 
of  two  or  three  times  a  day.  This  device  records  automatically 
the  total  quantity  of  water  discharged  by  the  turbine.  It  really 
makes  a  water  meter  out  of  the  turbine,  using  the  vanes  of  the 
turbine  as  the  vanes  of  the  meter,  and  readings  are  taken  from 
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the  dials  in  the  same  manner  as  from  the  ordinary  water  meter. 
In  other  words^  this  device  records  the  total  quantity  of  water 
passing  through  a  given  turbine  with  a  Tariable  gate  opening 
and  acting  under  a  vanable  head*  In  places  w^here  the  head  is 
practically  constant  a  single-cylinder  type  of  recorder  is  used, 
which  deals  only  with  a  vanable  gate  opening.  In  places  where 
the  head  varies  sufficiently  to  be  taken  into  account  a 
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cylinder  is  used  and  compensates  the  final  reading  for  the  vary- 
ing head.  In  pbices  where  the  bead  varies  the  important  ques- 
tion  is  not  liow^  much  water  is  used  alone,  but  how  much  water 
and  under  what  head,  or,  in  other  words,  how  inucli  available 
]>ower  is  sujiplied.  This  hist  question  can  be  answered  by  the 
two-cylinder  typt^  of  recorder,  provided  a  record  of  the  hejid  is 
also  ke]>t,  although  a  third  type  of  recorder  has  been  devised 


Fio,  1S6.—REAK  View  of  Sjkgle  Ctukdku  Hecohdek. 


Tvhich,  instead  of  registering  cubic  feet  discharged,  gives  directly 
ni  il  1  -  po  we  r  hours, 

5.  The  machine  is  best  described  by  considering  first  the 
single-cylinder  typo  for  unvarying  heads,  shown  in  front  and 
rear  views  in  Figs.  155  and  150  and  in  position  connected  with  a 

fhomontal  shaft  turbine  in  F'ig*  157* 

6.  It  is  obvious  that  w^ere  the  loacl  on  a  turbine  such  as  to  call 
for  uniform  speed  at  full  gate,  a  counting  register  driven  by  the 
wheel  could  l>e  made  to  give  a  correct  n^cord  of  the  amount  of 
water  used,  and  that  this  register  might  be  graduated  from  a 
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^0st  of  the  wheel  as  to  give  its  reaiUiigs  in  cubic  feet  of  water- 
Vere  the  speeil  crmsUint  and  the  discbarge  proportional  to  tlie 
gate  opening  the  correct  reading  for,  say,  half  gate  would  b© 
obtained  by  stopping  the  register  one-half  of  the  time  anil  for 
three-quarters  gate  opening  by  stopping  the  register  one-quarter 
of  the  time.  This  is  the  esseutial  principle  of  the  mac^hine,  but, 
as  H  matter  of  fact,  the  discharge  is  not  proportional  to  the  gate 


FiU,    liJT. — Sl*N'CI<K   CTrLI>EDEfl    ReCOHDER  CoKNECTED  to   TCUBIMS. 


opening,  being,  for  half  gate,  materially  in  excess  of  half  that 
due  to  a  full  gate,  ami  allowance  must  be  marie  for  this, 

7,  Referring  to  Figs.  155  and  156,  a  vertical  cylinder  will  be 
seen  having  at  its  bottom  a  worm  wheel  wliich  is  driven  by  a  worm 
(slipped  to  the  left  and  out  of  gear  in  Fi^*  155)  which,  in  turn,  is 
driven  by  tlie  turbine,  the  proportions  of  the  parts  being  such 
that  the  cylinder  makes  one  complete  turn  per  minute.  This 
cylinder  drives  the  register  above  it  by  the  vertical  s])Hned  shaft 
at  the  right  of  the  cylinder  in  Fig.  155  tind  at  the  left  in  Fig.  156, 
Upon  the  cylinder  is  a  raised  surface  extending  the  whole  length 
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and  having  one  edge  vertical^  as  seen  in  Fig.  155,  but  the  other 
edge  curved,  as  seen  in  both  illustrations.  The  profile  of  this 
curve  is  such  that,  the  veitical  distance  from  the  bottom  of  the 
cylinder  representing  the  gate  opening,  the  circumferential  length 
of  the  raised  surface  at  any  distance  above  the  bottom  re]>resents 
the  diBcbarge  of  the  wheel  at  a  correspontling  gate  opening,  as 
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obtained  from  an  efficiency  test  of  the  wheel.  The  splined  shaft 
is  driven  by  a  roller  a  carried  in  a  housing  which  slides  upori  the 
shaft,  the  roller  driving  the  shaft  and  register  alK>ve  whenever 
it  is  in  contact  with  the  raised  surface,  the  vertical  position  of 
the  housing  and  roller  being  determine*!  by  connection  with  the 
gate  shaft,  which,  in  turn,  is  controlled  by  the  governor.  To 
insure  positive  driving  of  the  rc^gister  whenever  the  roller  is  in 
contact  with  the  raised  surf  nee,  both  have  grooves  or  teeth  cut 
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upon  tbem  which  are  fine  enough  to  insure  engagement  without 
difficulty. 

8.  The  connection  of  the  recorder  to  the  turbine  will  be  clear 
from  Fig.  157,  the  vertical  cylinder  being  driven  by  the  belt  from 
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the  overhead  shaft,  while  the  housing  and  roller  are  connected 
to  the  gate  shaft  by  sprocket  wheels  and  chain  in  such  manner 
that,  as  the  governor  opens  the  gate,  the  roller  is  raised,  while 
as  the  gate  is  closed  the  roller  is  lowered. 
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9.  In  the  second  form  of  the  machine  shown  in  Fig.  158,  which 
applies  to  wheels  operating  under  both  variable  gate  opening  and 
variable  head,  the  vertical  cylinder  of  the  machine  described 
above  does  not  turn  the  register  directly,  but,  instead,  drives 
a  second  upper  cylinder  which  in  turn  drives  the  register.  The 
second  cylinder  has  a  raised  driving  surface  similar  in  general 
character  to  that  of  the  first  one,  the  profile  of  which  represents 
the  varying  discharge  under  variations  of  head,  the  register 
driving  roller  of  this  cylinder  being  adjusted  vertically  by  a 
pressure  diaphragm  submerged  in  the  tailrace.  The  action  of 
the  two  raised  surfaces  are  thus  compounded  in  the  final  read- 
ings of  the  register. 

10.  In  Fig.  158  the  roller  a  is  adjusted  vertically  by  connection 
with  the  gate  shaft  as  already  described.  It  drives  the  splined 
shaft  J,  which,  in  turn,  drives  pinion  c  and  the  upper  cylinder 
through  the  complete  gear  at  its  top.  The  raised  surface  of  the 
upper  cylinder  drives  toothed  roller  d^  which  is  loose  upon  shaft  J 
and  acts  as  an  idler  to  drive  roller  e,  which  is  splined  to  shaft/ 
and  is  carried  in  a  vertically  adjustable  housing  g^  similar  to  the 
one  which  carries  roller  «,  the  vertical  position  of  this  housing 
detennined  by  its  connection  with  the  pressure  diaphragm  rep- 
resenting the  head  under  which  the  turbine  is  working  at  the 
moment.  At  full  head  the  housing  y  will  be  at  the  bottom  of 
its  movement  when  the  raised  surface  is  continuous  and  the  read- 
ings will  be  similar  to  those  of  the  first  machine,  the  upper  cyl- 
inder and  wheels  d  and  e  acting  as  simple  idlers.  Should,  how- 
ever, the  water  in  the  tailrace  rise  and  thus  reduce  the  pressure 
on  the  wheel  and  the  discharge  for  a  given  gate  opening,  hous- 
ing g  will  be  raised,  and,  the  raised  surfac^e  of  the  upper  cylinder 
being  at  this  point  interrupted,  a  pause  due  to  this  interruption 
will  be  introduced  in  the  movement  of  the  register.  The  profile 
of  the  raised  surface  of  the  npi)or  cylinder  is  plotted  from 
tests  of  the  wheel  under  varying  head  as  the  profile  of  the  lower 
one  is  plotted  from  the  tests  under  varying  gate  opening. 

11.  The  register  immediately  above  the  upper  cylinder  is  a 
revolution  counter  for  the  wlieel.  Point(M"s  extend  from  the  two 
housings  to  the  right-hand  fnuno  u|)ri<;]it  wliich  carries  scales  by 
which  the  gate  opening  and  lu^ad  may  at  all  times  ])o  road. 

12.  The  tailrace  pressure  diaphragm  is  shown  in  Fig.  159.  It 
is  submerged  below  the  lowest  tailrace  level,  so  tliat  the  tailrace 
water  always  acts  upon  its  upper  side.     The  lower  side  is  con- 
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nected  by  a  tube — filled  with  oil  to  prevent  freezing — with  the 
turbine  case.  The  net  actuating  pressure  on  the  diaphragm  is 
thus  the  pressure  due  to  the  difference  in  heads  in  the  two  sides 


Fig.  160. —Double  Cylindeb  Recobdeb  Connected  to  Tubbinb. 


of  the  diaphra^27n.  This  actuating  pressure  is  resisted  by  a 
spring,  and  the  movement  of  the  diaphragm  is  communicated  by 
the  rod  a  to  the  housing  g  of  Fig.  158  by  means  of  the  rod  A  of 
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Fig.  158,  as  shown  in  Fig.  160,  which  also  shows  the  connection 
with  the  gate  shaft. 

13.  As  described,  the  machines  register  the  cubic  feet  of  water 
passing  the  wheel.  With  a  constant  head  this  is  proportional  to 
and  an  index  of  the  power  consumed,  but  under  a  variable  head 
this  being  no  longer  the  case,  a  third  modification  of  the  machine 
has  been  devised,  in  which,  by  a  change  in  the  profile  of  the 
raised  surface  of  the  upper  cylinder,  the  register  is  made  to  read 
directly  in  mill-power  hours. 

14.  Tests  of  a  sample  machine  designed  from  Holyoke  tests  of 
a  turbine  show  variations  of  from  a  fraction  of  1  per  cent,  to  not 
over  3  per  cent,  under  varying  gate  opening  and  under  a  head 
of  from  30  down  to  18  feet.  If  curves  had  been  plotted  from 
tests  on  the  ground  the  results  would  practically  check. 
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No.  9S6.* 

.l.V  IXDICATING  AXOLEMETER. 

BT  C.  E.  SARGEHT,  CHICAGO,  OX. 

(Member  of  the  Society.) 

1.  Ever  since  it  has  l)een  desirable  to  operate  alternating  gen- 
erators in  parallel,  the  question  of  getting  a  prime  mover  the  an- 
gular velocity  variation  of  which  shall  come  within  the  limits  pre- 
scribed by  the  generator  manufacturers,  has  been  an  important 
consideration.  When  Corliss  engines  were  first  used  for  incandes- 
cent direct-current  lighting,  many  of  them  had  such  light-weight 
fly-wheels  that  an  observer  could  count  the  revolutions  of  the 
engine  by  the  variations  in  candle-power  of  the  lamps.  Generally 
speaking,  the  heavier  the  fly-wheel — other  things  being  equal — ^the 
less  \\ill  be  the  angular  velcx^ity  variation  during  a  rotation;  but 
the  heavier  the  fly-wheel  the  greater  the  first  cost  and  the  more 
power  roc|uir(Ml  to  revolve  it  in  its  bearings;  hence  a  fly-wheel 
just  heavy  enough  to  vary  less  than  the  maximum  allowed  is 
more  economical  than  one  of  greater  weight. 

In  order  to  bo  able  to  deterinine  at  sight  the  actual  maximum 
variation  in  steam-engine  fly-wheels,  and  more  expressly  i:i  the 
fly-wheels  of  internal  combustion  engines  with  which  the  writer 
has  more  to  do,  the  instrument  herewith  described  was  designed. 
In  order  to  be  practical,  such  a  device  nmst  be  applicable  to  any 
engin(j;  it  must  be  portiible,  easily  attached,  substantially  built 
and  direct-reading,  and  it  is  believed  that  this  instrument  will 
fill  these  requirements. 

2.  If  a  light  pulley  is  driven  by  the  engine  shaft  with  a  flex- 
i])le,  inelastic  belt,  it  should  vary  in  speed  commensurate  with 
that  of  the  engine.  If  a  heavy  fly-wheel  at  a  high  velocity  is 
kept  in  motion  by  a  tension  spring  having  a  practically  uniform 
pull,  thorci  should  be  no  change  from  a  uniform  velocity  during 

*  Pro8ftnte(l  at  tlio  Sarato|fa  meeting:  (Jane,  1903)  of  the  American  Society 
of  M«?chaiiical  Engineers,  and  forming  part  of  Volume  XXIV.  of  tlie  Tran9- 
actions. 
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The  slmft  A,  Fig,  163,  to  which  the  intermediate  bevel  pinion 
axis  D  and  the  segment  /^  are  rigidly  attached,  carries  the  fly- 
\vheel  and  bevel  gear  i?,  the  driving  pulley  C  and  tlie  gear  £^' 
the  latter  are  fastened  together  by  the  featlier  /, 

The  rotiition  of  the  shaft  A  and  the  parts  fixed  to  it,  is  limited 
by  the  stops  Ii,  Fig.  105.    Motion  of  this  shaft  and  segment  ^"is 


Fio.  102. 


tpansmitted  to  the  pinion  G  and  segment  7^"'  and  the  pinion  G\ 
which  is  loose  on  the  pin  ^1/,  and  carries  the  needle  0. 

This  oscillating  brass  shaft  has  a  small  hole  from  end  to  end 
whiohj  with  the  transverse  holes,  distributes  oil  to  all  working 
parts  without  waste  from  the  one  oil  cup  shown  in  Fig*  lOK 

The  driving  pulley  C  is  made  Tery  light,  with  two  diameters 
for  high  and  slow  speed  engines,  and  is  fastened  to  gear  £  by  the 
feather  /and  nut  P. 

The  axis  D  is  held  in  a  vertical  position  by  the  two  opposed  tor- 
tion  springs,  Fig,  lf*5.  By  using  two  springs  under  tension  a  large 
movement  for  a  small  increment  is  obtained,  and  the  anglemeter 
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may  be  run  in  either  direction;  and  when  running,  a  proper  ad- 
justment of  the  tension  nuts  brings  the  needle  to  a  vertical 
position  on  the  dial.  A  hair  spring  around  the  jnnion  G\  not 
shown  in  the  cut,  eliminates  any  lost  motion  in  the  multiplying 
gear.  The  anglemeter  is  driven  by  a  belt  from  some  part  of  the 
engine  shaft,  which  through  the  intermediate  bevel  pinion  and 


Fig.  163. 

the  tension  springs,  drives  the  fly-wheel  in  the  opposite  direction 
at  a  uniform  velocity. 

If  the  tension  of  the  springs  which  tend  to  hold  the  inter- 
mediate bevel-])inion  axis  in  a  vertical  ])osition  is  e(|ual  to  the 
pull  necessary  to  keep  the  lly-wh(»el  rotating  at  a  constant  speed, 
then  a  change  in  tlie  angular  velocity  of  tlie  driving  imllcy  wliicli 
varies  with  tlie  change  of  the  engine  speed  allows  the  axis  of  the 
bevel  ])inion  to  vary  one-half  the  angle  of  driving  pulley. 

4.  If  the  diameter  of  the  pulley  on  engine  shaft  is  such  that 
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the  velocity  of  the  anglemeter  is  7.2  times  faster  than  the  en- 
gine, its  angular  variation  during  one  rotation  of  the  engine  will 
be  7.2  times  greater,  and  the  angular  variation  of  the  axis  of 
intermediate  bevel  pinion  from  a  vertical  or  normal  position  will 
be  3.6  times  greater  than  that  of  the  engine;  and  the  needle, 
which  has  an  angular  movement  100  times  greater  than  the  bevel- 
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pinion  shaft,  will  therefore  have  300  times  the  angular  move- 
ment of  the  engine  fly-wheel  from  a  uniform  rotation.  There- 
fore if  the  engine  fly-wheel  should  vary  one  degree  during  a 
rotation,  the  needle  on  tlie  dial  would  vary  360  degrees,  or  make 
a  compU^te  lialf  revolution  each  side  of  the  normal  position. 

As  tlie  dial  has  360  divisions  or  detrrees,  one  minute  variation 
of  tlio  engine  shaft  would  show  six  degrees  on  the  dial,  and  ten 
seconds  variation  of  the  engine  would  show  one  degree  on  the 
dial. 
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5.  A  belted  tachometer  from  the  aiiglemeter  fly-wheel  shows  a 
uniform  speed  imder  extreme  angular  variations  of  engine  fly- 
wheel, which  might  be  expected,  however,  when  we  consider 
that  for  a  variation  of  one  degree  of  engine  the  change  in  the 
length  of  springs  is  less  than  J  of  an  inch,  and  that  for  a  varia- 
tion of  one  minute  the  length  of  springs  varies  less  than  .004  of 
an  inch. 

If,  however,  an  engine  is  racing,  the  speed  of  the  angleraeter 
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Fig.  165. 


fly-wheel  will  rise  and  fall  in  proportion  to  that  of  the  engine, 
for  it  makes  in  a  minute  some  multiple  of  the  engine  speed. 

The  belt  which  is  used  to  drive  the  anglemeter  is  a  jwece  of 
special  cotton  tape  one  incli  wide,  butt-jointed  with  an  ordinary 
over-cast  stitch,  which  makes  it  practieall}'  endless;  and  as  there 
is  no  perceptible  stretch  and  but  little  inclination  to  creep,  the 
speed  of  the  light  driving  pulley  of  the  anglemeter  should  vary 
exactly  with  the  en^^ine  s])ee(l. 

6.  The  amount  of  deflection  of  the  needle  each  side  of  normal 
is  readily  seen  when  tlie  anglemeter  is  in  o])cration.  "When  applied 
to  a  gas  engine  working  under  normal  conditions,  having  two 
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impulses  per  revolulii^n,  as  good  results  are  obtained  as  from  a 
single-crank  steam-engine,  but  if  abnormal  conditions  arise,  such 
as  premature  or  missed  ignitions,  the  trouble  is  at  once  located 
by  the  needle's  unusual  deflections. 

On  account  of  the  possible  friction  in  tracing  the  movement 
of  the  needle  point  and  the  complicated  mechanism  of  a  moving 
chart,  it  has  been  thought  best  not  to  make  the  anglemeter 
recording,  and  it  is  therefore  styled  an  indicating  anglemeter. 

*  Discussion. 

3[r,  Gus  C,  Hennlmj, — 1  wish  to  object  to  the  title  of  this 
paper.  It  should  be  goniometer,  Avhich  is  the  common  name 
for  instruments  used  for  measuring  angles.  I  think  our  publi- 
cation committee  should  modify  this. 

Mi\  SaryenL^ — In  re[)ly  to  the  objection  raised  by  Mr.  Ilen- 
ning  to  the  use  of  the  word  anglemeter  and  his  suggestion  of 
the  substitution  of  the  term  goniometer,  I  would  say  that  the 
dictionary  describes  the  latter  as  an  instrument  for  measuring 
solid  angles,  or  the  inclination  of  i)lanes,  particularly  the  angles 
formed  l)y  the  faces  of  crystals.  It  is  therefore  hardly  applica- 
ble to  the  instrument  in  question  which  measures  angular  varia- 
tion, and  I  l)elieve  that  the  term  which  I  have  chosen  is  the  best. 


*  Author's  riosun',  uikKt  tlir  Kuh*s. 
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THE  STEAM  TURBIXE  FROM  AX  OPERATIXG  STAXD- 

POIXT\ 

A  DESCRIPTION   AND  TEST  OF   A   400  KAV.    TUHBO-GENERATOR. 

BT  FREDK.   A.   WAL1)IU>N,   STAMFORl>,   CONN. 

(Member  of  the  Rocictj'.) 

1.  The  steam  turbine  which  tliis  paper  will  describe  is  in- 
stalled at  the  works  of  the  Yale  &  Towne  Manufacturing  Co., 
Stamford,  Conn.,  and  is  the  first  one  of  its  size  (outside  of  those 
operated  by  the  builders)  to  bo  put  into  practical  oi>eration  in 
this  country.  It  is  the  writer's  intention,  tlierefore,  to  ^ive  not 
only  an  account  of  its  installation  and  operation,  but  also  data 
from  the  boiler  room  to  a  brake  liorsc-})o\ver  delivered  from  the 
driving  pulley  of  the  motor. 

After  a  thorough  investigation  l)y  the  \vrit(>r,  in  the  early  part 
of  1901,  it  was  decided  to  in:^,t:ill  a  Westinghouse- Parsons  steam 
turbine  for  the  following  reasons: 

(1)  Floor  space. 

(2)  Economy. 

(3)  Continuous  opt^ration  of  existing  ])lant  durin;^^  installation 
of  the  new.     (See  Fig.  !♦)(;,  Power  IIouso,  I'uilding  No.  Ui.) 

The  PrMem  wd-^  Thrrrfun^^  to  Conrrninti*'  ihr  Ltfiu/rsf  Anmunt 
of  Power  In  flic  Suialfrst  yWvZiA'  Anti  ('oiii<i.sff  nt  toUh.  Knt- 
nomical  Oprralhrn. 

2.  The  generating  outfit  consists  f)f  a  two-]>]ias(.\  iMo-voIt 
alternator,  of  4(M)  kilowatts  capacity  (wh<'n  iIk*  tui-l)ine  was  run- 

*  PreseDted  at  tlir*  Saruto^f.-i  in«'«'tiiir 'JiiMr.  iy():i)  of  the  Ann^riran  Society 
of  Mcclianical  Enginurrs,  ami  foniiiiiir  part  of  Voluinr  XXIV.  of  \\w.  Trom- 
actions. 

t  For  fancier  (risc'US;-io:i  oi  ths  ropi**.  ro:  niilt  Tnins.irdnnn  wy^  follows: 

No.  846.  vol.  T.,  p.  OSO  :  •"Note-  on  St. -am  Turljim-."     .1.  \\.  Wcbl.. 
Xo.  548.  vol.  xvii.,  ]>.  Sj  :   "Sti-aiii   'rnrlnnr.'"     \\.  V.  M.  (ioss. 
No.  870,  v<»l.  xxii.,  j).  170  :   "  Sioara  rar])iii.'<.'     j:.  II.  IJuir-ion. 


O 


O  O  (£y  oo 
OOOO® 

^   :c    i^   ^     5 


^o  ®  o  o  I 


I 


%    ;*: 


THE  STEAM   TURBINE  FROM   AN   OPERATING   STANDPOINT.       lOOl 

ning  condensing,  and  the  i)0\ver  factor  of  the  alternator  was 
from  90  to  100  jier  cent.),  7,200  alternations,  running  at  3,600 
revolutions  ])er  minute,  with  a  separate,  direct-connected  exciter 
set.  The  alternator  is  of  the  revolving  field  tyjxj,  and  the  sur- 
face speed  of  the  field  is  22,137  feet  per  minute.  The  weight  of 
the  outfit  is  38,200  ])ounds,  and  occu])ies  a  floor  space  19  feet  by 
4J  feet.  (See  Fig.  170.)  The  guaranteed  economy  was  16^  pounds 
of  water  per  electrical  horse-])owcr  at  the  switchboard,  with  28 
inches  of  vacuum,  40  degrees  Fahr.  superheat,  and  155  pounds 
gauge  pressure.  Tests  for  economy,  under  slightly  different  con- 
ditions, reported  later  in  this  paper,  will  show  how  nearly  the 
guarantee  was  reached.  This  opens  the  question  of  what  is  the 
average  ratio  between  an  indicated  horse-power  at  the  engine 
and  an  electrical  horse-power  at  the  switchboard. 

The  electrical  end  of  the  machine  is  not  com]X)unded,  and  the 
variation  in  voltage  depends  entirely,  within  certain  limits,  upon 
the  load  and  position  of  rheostats.  Si)eed  regulation  is  very 
close  and  perfectly  satisfactory.  A  true  kilowatt  overload  of 
33^  per  cent,  has  been  carried  for  five  consecutive  hours,  without 
apparent  injury  to  the  machine.  Owing  to  the  low  power  factor, 
however,  the  heat  develoj^ed  in  the  field  and  terminals  was  much 
higher  than  is  allowable  in  good  ])ractice.  When  thus  over- 
loaded, the  volt  meter  Jiad  to  b(^  closely  watched,  in  order  to 
care  for  any  suddenly  a])i)lie(l  load  with  the  rheostat. 

3.  At  present,  the  condenser  plant  consists  of  a  surface  con- 
denser, containing  l.loo  scjuare  feet  of  cooling  surface,  with 
independent  air  and  circulating  ])umps.  The  air-pump  is  of  the 
simplex,  twin  beam,  vertical  type,  making  al)out  J)0  single  strokes 
pev  minute.  The  average  vacuum  obtaintjd  with  this  outfit,  with 
jdenty  of  circulating  water,  is  about  27.4  inches.  This  outfit  is 
to  be  replaced  by  one  of  more  recent  (h^sign,  and  operated  on 
the  "Dry  System"  and  with  a  two-stage  vacuum  pump. 

4.  Steam  is  furnished  l)y  oiirht  ^faiiniiig  l>oilers,  which  are 
described  in  the  iJoihM*  Test.  Th(^  gcuiM-al  arrangcMUc^nt  of  ]>oiler 
and  Power  House,  with  its  niixiliarics,  is  shown  in  Figs.  Kh,  1G8, 
1G9  and  17(>. 

Itisnot  the  author's  intention  to  hnvc  th(^  (h^tails  of  thest(\am 
generating  plant  form  a  ])ortion  of  this  paper,  but  Ih^  woul<l  be 
glad  to  give  information  to  thosc^  who  may  wish  it. 

5.  Moto?*«. — Sixty-foui'  (♦')-!-)  mdiiction  motors  (with  varvin<»- 
loads),   ranging    from    A    to    4i)    horse-[)ower,    are   distributed 
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Fig.  168. 


throughout  the  works.  (See  Fig.  106.)  With  the  exception  of 
the  elevator  motors,  the  entire  plant  is  arranged  on  the  group 
system.     Wherever  one  or  more  machines  are  to  be  driven,  belt- 


MfuUf-^H.  t'.A^. 


elevation  of  power  house 
Fig.  1()9. 


ing  or  gearing  is  used,  and,  if  room  will  ])ormit,  belting  is  given 
the  preference,  for  the  following  reasons: 

{a)  Flexibility. 

(&)  Less  wear  and  toar  on  thci  motors. 
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t .  .  ^  .  ■  f  .  J  .  J^        ?;^^^lVJ     ^'  "^       SECTIONAL  ELEVATION  OF  BOItEH  AHD 

!k'iJ*t,fF„t  ;   i f^H;^^--   .  ENGINE  ROOM, 

^.;'  ■  rM     ■ 

Fig.  170. 


(<?)  Absolute  independence  of  speed  of  line  shafts. 

{d)  Convenience  in  case  of  repairs. 

(e)  The  advantage  of  changing,  in  event  of  increase  or  decrease 
of  power  requirements. 

(/)  Equal,  if  not  higher,  efficiency  under  continuous  working 
conditions. 
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With  this  arrangement,  the  power  factor  will  range  from  82 
to  86  ])er  cent.,  depending  on  the  motor  loads.  The  only  pre 
caution  to  take,  in  order  to  prevent  frequent  shut-downs,  with 
the  induction  motor,  is  to  have  the  main  circuits  fused  heavy 
enough  to  withstand  the  influx  of  current  to  the  line,  due  to 
starting.  JBy  referring  to  Fig.  166,  the  adaptability  of  electric 
transmission  to  a  plant  of  this  character  is  readily  shown,  with- 
out further  explanation.  There  are,  however,  a  number  of  con- 
ditions governing  the  installation  that  cannot  be  shown  in  the 
plans,  a  few  of  which  are  as  follows  : 

6.  The  Iron  Foundry  (Building  No.  24)  which  is  situated 
about  700  feet  from  the  Power  House,  requires,  from  7  a.m. 
until  12  M.,  an  average  of  about  7  horse-power,  and  from  3  to 
5.15  P.M.,  about  35  horse-power. 

Building  No.  23  (which  is  an  auxiliary  to  the  Iron  Foundry) 
requires  from  25  to  30  horse-power  to  drive  the  tumbling  barrels 
and  grinders.  When  the  blast  is  turned  on  to  the  cupola,  in  the 
afternoon,  this  motor  is  shut  oflF,  as  the  help  are  used  in  the 
foundry. 

Building  No.  25  requires  5  horse-power  about  one-half  the 
time. 

Box  Shop  (Building  No.  26)  is  situated  ab.out  1,000  feet  from 
Zhe  Power  Ilouse,  the  nearest  line  shaft  being  about  300  feet 
away  from  it.  A  5  horse-power  motor  is  used  for  about  three 
hours  a  day,  at  this  point. 

The  Plating  Room,  fifth  floor  (Building  No.  4)  uses  from  45 
to  50  horse-power,  five  hours  per  dtty,  and  8  to  10  horse-power 
for  the  remaining  five  hours. 

7.  Owing  to  manufacturing  requirements,  it  is  found  necessary 
to  run  the  shafting  both  lengthwise  and  ci'osswiso  with  the 
building.  For  example,  Buildings  Xos.  1,  2,  4  and  10  have 
shafting  running  in  both  directions.  The  electric  system  of 
transmission  lends  itself  admirably  to  this  condition.  ILkI  this 
factory  been  one  continuous  building  of  from  two  to  four  stories 
high,  with  the  Power  Ilouse  centrally  h^cated,  shafting  running 
in  one  direction,  and  light  machinerv  installed  along  its  line  (;on- 
tinuously,  the  question  of  the  economy  of  (dectric  transmission 
would  have  been  doubtful.  Tests  dps(tril)od  farther  on,  and 
Tests  Nos.  7  to  JO  inclusivcs  will  furnish  complete  data  as  to 
the  economy  of  electric  transmission,  as  applied  to  this  particu- 
lar case.     (See  page  1  ( )»}( »). 
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It  is  desirable  to  place  in  the  pipe  for  cooling  water  for  the  oil 
well  an  eel-trap  with  a  by-pass,  and,  what  is  still  better,  if  con- 
venient, to  have  two  sources  of  water  supply.  An  open  drip 
should  also  be  provided,  which  can  be  frequently  tried  by  tlie 
engineer,  to  insure  pro])er  circulation  of  cooling  water.  The 
electrical  end  of  the  machine  has  given  us  all  the  trouble — not 
from  the  result  of  electrical  design  and  defect,  but  from  mechani- 
cal defects,  pure  and  simple. 

10.  The  field  or  revolving  element  is  made  of  four  cylindi'ical 
forgings,  23f  inches  in  diameter,  aggregating  in  length  about  28 
inches.  These  sections  are  forced  on  to  the  shaft,  with  about 
150  tons  pressure.  Owing  to  centrifugal  force  and  the  heat  de- 
veloped in  the  field,  one  of  these  sections  crept  on  the  shaft 
about  f  of  an  inch,  the  result  being  that,  on  the  21st  of  August, 
1902,  one  of  the  field  wires  was  pulled  apart,  liepairs  were 
quickly  made  and  the  makers  agreed  to  furnish  a  new  field, 
which  was  placed  in  position  the  latter  part  of  December;  when, 
upon  starting  the  machine  for  the  purpose  of  testing,  it  imme- 
diately (upon  attaining  full  speed,  and  without  any  load  upon  it) 
flew  into  a  large  number  of  pieces,  entii'cly  demolishing  the  elec- 
trical end,  and  badly  damaging  the  sleam  end.  Investigation 
showed  that  invisible  flaws  in  the  forging  were  the  cause  of  this 
accident.  J^o  damage  was  done  to  the  building,  outside  of  the 
breaking  of  a  few  panes  of  ghuss,  neither  were  any  of  the  occu- 
pants injured,  although  there  were  eight  men  in  the  room  at  the 
time. 

From  the  various  accounts  of  fly-wheel  accidents,  I  think  that 
the  majority  of  the  members,  after  observing  the  photograplis 
which  the  writer  will  exhibit  to  those  who  desire  to  look  at 
them,  will  admit  that,  in  spite  of  its  high  speed,  the  field  of  de- 
vastation is  not  so  great  in  the  case  of  tlie  turbine  as  the  recipro- 
cating engine. 

11.  A  memorandum  has  been  k(»])t  by  the  author  of  all  of  the 
questions  which  have  been  asked  him  in  regard  to  tliis  installa- 
tion, and,  as  a  matter  of  record,  he  would  like  to  phice  the  more 
important  ones  before  the  Society,  in  the  order  of  tlieir  im- 
portance : 

(1)  Does  it  fulfill  tlie  ^uarantetMl  ccononiv  ? 
In  answer  to  this  S(»e  Tests  Xos.  i\  :>,  4  and  5. 

(2)  Is  the  windage  excessive  ? 

It  certainly  is  more  than  from  a  jIow  speed  generator,  yet,  as 
W 
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a  whole,  is  not  disagreeable,  as  noise  in  the  engine  room  is  a 
comparative  quantity. 

(3)  Are  you  satisfied  with  the  continuity  of  operation  ? 

Outside  of  the  breakdown  (whicli  was  due  to  defective  mate- 
rial, or  to  causes  entirely  foreign  to  the  machine),  it  is  entirely 
satisfactory. 

(4)  What  condensing  outfit  is  necessary  ? 

This  is  a  question  which  each  purchaser  can  best  decide  for 
himself.  The  writer's  experience,  however,  is  that  the  best  is 
none  too  good,  and  that  for  continuous  running  and  high 
vacuums,  the  dry  system,  with  a  two-stage  air-pump,  w^ill  prob- 
ably maintain  higher  average  vacuums  than  any  other  system. 

(5)  Can  exhaust  steam  be  used  for  heating  ? 

This  turbine  has  supplied  25,000  square  feet  of  direct  radiating 
surface  and  7,500  square  feet  of  blower-stack  surface,  and  main- 
tained a  temperature  of  from  60  to  70  degrees  Fahr.  in  all  build- 
ings, when  generating  520  kilowatts,  and  with  a  temperature  of 
220  degrees  Fahr.  in  the  exhaust  chamber  of  the  turbine.  The 
differential  in  pressure  was  produced  by  10  inches  of  vacuum  on 
the  Power  House  end  of  the  drips  for  the  heating  system.  The 
writer  has  also  found  that  the  temperature  in  the  exhaust  cham- 
ber of  the  turbine  varies  with  the  different  loads,  and  at  full 
load  and  overload,  there  is  more  or  less  superheat,  whether  run- 
ning condensing  or  non-condensing. 

(0)  What  overload  will  it  stand  ? 

A  50  per  cent,  overload  has  been  maintained  at  full  speed,  for 
five  hours,  without  apparent  injury  to  the  machine. 

(7)  Can  it  be  changed  from  condensing  to  non-condensing,  and 
vice  versa,  when  running  ? 

This  we  have  done  daily,  during  the  heating  period,  and  with- 
out difficulty  or  shut-down,  according  to  the  following  schedule: 

Non-condensing,  7  a.m.  to  10  a.m.  ;  1  p.m.  to  3  p.m. 
Condensing,  10  a.m.  to  12  m.  ;  3  p.m.  to  6  p.m. 

(8)  Type  of  exciter? 

The  exciter  should  be  driven  by  an  independent  engine. 

(9)  Is  your  confidence  in  tlie  machine  shaken,  after  the  trouble 
yon  have  had  with  it? 

The  best  reply  to  this  is  that  a  second  outfit  has  been  ordered. 

(10)  Cost? 
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Upon  the  basis  of  strictly  competitive  prices,  the  turbine, 
ready  to  run,  costs  from  10  to  15  per  cent,  less  than  the  same 
sized  reciprocating  engine  outfit. 

The  cost  of  tlie  Power  House,  jDer  square  foot,  per  kilowatt, 
would  he  about  35  per  cent,  less  for  a  turbo-generator  outfit  than 
for  a  reciprocating  engine  of  the  same  power  and  economy.  The 
cost  of  foundations  is  taken  into  account,  in  the  cost  of  the  en- 
gine and  turbine.  The  cost  of  piping  is  not  included  in  either 
case,  exce])ting  the  piping  between  the  throttle  and  the  con- 
denser. 

(11)  Is  the  vibration  excessive? 

The  author  considers  that,  unless  it  is  possible  to  balance  a 
lead  pencil  on  the  outboard  Ijearing  and  allow  it  to  remain  there 
for  a  minute,  the  machine  is  vibrating  more  than  it  should;  and 
while  there  are  no  foundation  bolts  to  hold  the  machine  down, 
there  has  been  no  tcndenc}^  for  it  to  creep  on  its  foundations, 

12.  It  has  been  before  the  aiitlior's  mind  in  presenting  the  re- 
sults of  these  tests  that  readers  might  obtain  inforaiation  on  the 
following  questions  : 

(1)  CiMt. — {a)  Cost  of  turbo-generator;  {J})  cost  of  land  and 
buildings. 

{"2)  Ecrmmny, — {a)  Coal  consumption;  (J)  oil;  (c)  rt!pairs; 
{d)  constant  economical  condition,  winch  is  commercially  inher- 
ent in  construction  of  machine;  {e)  return  of  conilenser  discharge 
to  boiler, 

(3)  Erne  of  Operation. — (a)  Accessibility;  (J)  starting  and  stop- 
ping; (e)  oiling  and  ad justuicnt;  {d)  running  in  paralleL 

(4)  (Joftipaetness. 

13.  The  illustrations  accompanying  this  paper  are  as  follows  i 
Fig*  H)6  is  a  general  plan  of  the  works.    The  circuits  are  indi* 

cated  by  broken  lineSj  also  their  sizes  in  numbers  of  Brown  & 
Sharpe  gauge.  The  size  and  location  of  motors  are  shown  by 
small  circles,  and  their  hoi^e- power  is  indicated  by  small  figures, 
adjacent  to  ci regies.  The  numbers  of  the  buildings  are  also  placed 
upon  them,  and  arc  referred  to  at  different  times,  in  the  paper, 
The  figures  inside  of  circles  refer  to  tlie  motor- test  number  given 
in  the  tabulation  of  motor  tests.     {See  page  1030). 

Fig.  167  is  a  plan  of  the  Boiler  and  Power  House. 

The  two  turbines  are  sliown  in  place,  with  their  condenser 
connections.  Turbine  No.  1  is  the  subject  of  this  paper.  Tur- 
bine No.  2  is  in  course  of  construction. 
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The  exciter  outfit  is  shown  to  the  right  of  Turbine  No.  2,  and 
is  of  suflicient  capacity  to  care  for  both  turbines.  By  removing 
the  switch-board  to  a  gallery  (which  can  be  readily  constructed), 
another  turbine  could  be  easily  placed  in  this  room.  It  may  be 
interesting  to  know  that  the  foundation  of  Turbine  No.  1  cost 
$188.60,  at  the  current  prices  of  cement,  sand  and  broken  stone, 
in  1901-2.  It  is  advisable  to  leave  the  foundations  with  a  tunnel 
through  the  centre,  transversely,  as  there  are  many  ways  in 
which  these  tunnels  can  be  utilized,  either  for  piping  or  ducts  for 
electrical  wiring. 

Fig.  168  is  a  longitudinal  elevation  and  section  of  Boiler  House. 

Fig.  169  is  a  longitudinal  elevation  of  Power  House.  A  350 
Tiorse-power  cross-compound  engine,  and  a  150  horse-power  air 
compressor  are  shown  to  the  right,  with  the  two  turbines  and 
accessories  at  the  left. 

Fig.  170  is  a  sectional  elevation  of  Power  and  Boiler  Houses, 
and  sections  are  taken  on  lettered  lines  of  Fig.  167. 

14.  "With  respect  to  the  boiler  tests  it  should  be  said  that  they 
were  made  under  daily  running  conditions,  without  attempt  to 
scrape  the  tubes  of  the  boilers,  or  to  bring  the  economy  to  a 
phenomenally  high  point.  What  is  known  as  the  Society's 
Alternate  Method  is  used,  since  at  this  time  of  year  it  is  difficult 
to  draw  the  fires  and  re-start  them.  The  calorific  power  of  the 
coal  was  13,338.  The  usual  precautions  as  to  calibration  of 
gauges,  leakage  from  pumps  and  the  like  were  observed. 

Concerning  the  tests  of  the  turbine,  the  same  conditions  pre- 
vailed. No  special  attempt  was  made  to  obtain  an  unusual 
vacuum. 

The  condenser  was  tested  for  leakage,  and  all  water  was 
measured  from  the  air-pump  discharge.  The  power  for  the 
exciter  (10.8  kilowatts)  was  determined  in  a  separate  test.  The 
exhaust  from  the  exciter  engine  is  used  for  heating  purposes. 
Shop  tests  on  the  turbine  made  eighteen  months  before  the  test 
in  this  paper,  showed  an  economy  of  14:.47  pounds  of  water  per 
brake  horse-power  with  a  lorwl  of  G07  brake  horsc-i)ower  and 
10.43  pounds  of  water  per  ])rake  horse-i)ower,  with  a  load  of  203 
brake  horse-power  (200  kilowatts).  These  tests  were  under  ap- 
proximately the  same  conditions  as  to  ])ressure,  vacuum  and 
superheat  as  those  in  this  paper. 

15.  The  tests  on  motors  are  intendiMl  to  presiMit  detailed  losses 
of  power  transmission,  as  api)licd  to  the  group  system,  with 
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(liflFerent  arrangements  of  line  shafting  and  belting,  as  well  as 
diflfereut  applications  of  the  electric  motor  to  factory  work. 

The  diagrams  accompanying  each  test  show  that,  in  all  cases, 
the  motor  is  belted  to  the  shafting,  or  to  jack-shafting,  or  to  the 
machine  which  it  is  intended  to  drive. 

The  principal  points  brought  out  by  the  tests  are*: 

(a)  Difference  in  frictional  losses,  depending  on  speed  and 
arrangements  of  shafting  in  the  diflferent  rooms. 

{b)  The  power  utilized  by  the  machinery,  when  running  idle. 

((?)  The  total  power  used  by  the  shafting,  machinery  and  useful 
Avork. 

{(l)  Efficiency  of  electric  transmission. 

16.  The  tests  were  made  under  actual  running  conditions;  the  i 
test  for  each  room  being  continued  for  one  half  day,  with  regu- 
lar working  load,  and  readings  of  tlie  watt  meter  were  taken 
every  two  minutes.  The  mean  vibration  of  the  pointer  was 
taken  as  the  true  reading.  The  efficiency  of  the  motors  (under 
their  different  loads)  was  taken  from  the  curves  furnished  by  the 
builders. 

The  analysis  of  these  tests  would  indicate  that,  with  the  turbo- 
generator driving  induction  motors,  and  with  an  evaporation  of 
8.707  pounds  of  water,  per  pound  of  coal,  a  brake  horse-power 
can  be  delivered  from  the  pulley  of  the  motor  for  about  2^ 
pounds  of  coal  (see  table  of  tabulation  of  motor  tests  7  to  19  in- 
clusive), with  a  turbine  of  this  size  running  under  average  econ- 
omy.    (This  allows  5  per  cent,  for  banking.) 

Under  the  same  evaporative  conditions,  the  average  non-con- 
densing engines,  distributed  through  the  different  rooms  in  the 
plant,  would  require  7.5  pounds  of  coal  per  brake  horse-power 
at  the  fly-wheel,  or  three  times  that  quantity  required  for  the 
electrical  drive. 

As  to  what  would  be  the  actual  saving  under  the  existing  con- 
ditions at  this  factory,  over  belt  transmission,  it  would  be  im- 
possible to  calculate,  as  the  conditions  wliich  exist  at  the  present 
are  so  entirely  different  from  former  conditions,  owing  to  the 
rapid  growth  of  the  plant. 

17.  What  the  loss  might  have  been  between  the  engine  and 
pulleys  which  deliver  i)ower  to  the  different  rooms,  is  an  un- 
known quantity.  Further,  under  the  conditions  which  existed 
at  that  time,  and  do  exist  now,  about  one-half  our  steam  is  util- 
ized for  manufacturing  purposes  and  for  heating.     The  question. 
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therefore,  of  the  coTnp«arativ(^  total  cost  of  power,  is  a  mutter 
which  must  be  arbitrarily  determined,  depend iiig  on  the  ratio 
of  the  Power  House  charges  for  power  and  manufacturing 
steam.  As  this  is  entirely  arbitrary,  it  is  not  permissible  to 
quote  any  figures  as  to  the  relative  costs  of  power,  under  the  two 
conditions,  as  they  would  be  inaccurate  and  misleading  to  others. 

One  of  the  interesting  questions  answered  by  these  tests  is  the 
small  amount  of  power  actually  used  in  removing  stock,  in  light 
manufacturing  work. 

18.  In  conclusion,  the  results  obtained  from  this  outfit  may 
not  be  any  higher  than  many  obtained  by  direct  connected  sets 
of  the  same  size,  running  under  maximum  economical  conditions. 
Assuming,  however,  tliat  tliey  are  the  same,  the  advantages  of 
initial  investment,  constiint  economy  and  the  possible  extension 
of  the  plant  with  the  turbo-generator  outfit,  are  of  sufficient  im- 
portance to  warrant  tlie  instaUation. 

The  strongest  appeal,  however,  that  the  turbo-gen  curator  makes 
to  the  business  man  or  the  engineer  is  its  inherent  commercial 
efficiency.  By  tliis,  I  mean  that  its  etticiency  is  unchanged, 
week  in  and  week  out;  yeiir  in  and  year  out.  Leaky  pistons  or 
valves,  lack  of  alignment  of  sliders  and  bearings,  keying  uj),  and, 
above  all,  lubriciition,  all  of  which  exist  in  the  reciprocating 
engine,  are  eliminated  in  the  turl)ine. 

The  detail  of  the  tests  appt^ar  in  the  following  : 

BOILERS. 

EiGBT  Manning  Hoilioks  of  135  Horse-Poweu  Each. 

DlfficHsions  of  one  boiler. 

Grate  surface  : 28.27  sq.  ft. 

Heating    "      1388. 42 sq. It.    SuiKT-lu»;itinfr,  4()7.50  sq.  ft.— Total,  18')-). OS  sq.  ft. 

Cal.  area 5 . 1 1 

Ratio  of  Cal.  to  G.  S 1 :  5.53 

"      "  G.  S.  to  Wator  H.  S 1:41).  11 

"      "     "      "  Sup<*r       *'  1:  U).54 

"      "     "     "  Total  1:05.05 

Length  of  Tul)es 14  ft.,  1 1  ins. 

Diam.     "       "      2\  ins. 

Number"       "      ISO 

Elconomizer    1 14  tnl h's.  1  in.  — (>  tnlx-s  wide. 

H.  S l,72Ssq.  ft. 

Induced  draft, 

SizeofFan,dia.9ft.;  width, 4  !*!.<)  in<5.  Oml.'t.  r,2  x  51  in-^.  Inl.-t.  inO  in>.  -.  ir,  in.-^. 

Siie of  Enpne, 8  x  lOins.     Avr.     Xo.  H.  P.  M 114.3 
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BOILER  TESTS. 

Test  op  Seven  135  Horse-Power  Manning  Boilers. 

Test  No.  1.  Method  of  Starting  (AltemaU). 

Grate  surface 197 .89  sq.  ft. 

Water-heating  surface 9,718 .94  sq.  ft. 

Superheating  surface 3^72.92  sq.  ft. 

Total  Quantities. 

1.  Date  of  trial March25, 1903. 

2.  Duration  of  trial,  in  hours 11 

3.  Weight  of  coal,  as  fired   30,681  lbs. 

4.  Percentage  of  moisture  in  coal 8  Per  cent. 

5.  Total  weight  of  dn- coal  consumed 28,226.52  lbs. 

6.  Total  ash  and  refuse 2,835.00    " 

7.  Percentage  of  ash  and  refuse,  with  dry  coal 10  per  cent. 

8.  Total  weight  of  water 267,150.0  lbs. 

9.  Water  actually  evaporated  (corrected  for  superheat) 280,192 .6    " 

9a.  Factor  of  evaporation 1.176 

10.  Equivalent  water  evaporated  into  dr}-  steam,  from  and  at 

212degrees * 314,168. 4 'lbs. 


Hourly  Quantities. 

11.  Dry  coal  consumed  per  hour 2,566.04  lbs. 

12.  Dry  coal  per  sq.  ft.  of  grate  surface  per  hour 12.97    " 

13.  Water  evaporated  per  hr.  (corrected  for  quality  of  steam).  25,472 .05    " 

14.  Equivalent  evaporation  per  hour,  from  and  at  212  degrees  28,560 .  76    *• 

15.  Equivalent  evaporation  per  hr.  from  and  at  212  degrees 

per  sq.  ft.  of  wat^T  heat,  surface 2.938 


Average  Pressures,  Temperatures,  etc. 

16.  Steam  pressure  by  gauge 151 .00    lbs. 

17.  Temperature  of  food-water  entering  boiler 148.07  °  Fahr. 

18.  Tempc»ratun'  of  escaping  gasis  from  boilor 469.20  °    " 

19.  Force  of  draft  botwoon  damper  and  boilor .23  inch. 

20.  Superheat  (degrees) 21 .08  °  Fahr. 


IIORSE-POWER. 


21.  H-orsi^-powor dovolopod 827.84 

22.  Rated  horse-powor 945. 

23.  Percentage  of  rated  horse-powor  dovolopod 87.6  per  cent. 
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Economic  Results. 

24.  Water  apparently  evaporated,  per  lb.  of  coal,  (actual  con- 

ditions)   -. 8.707  lbs. 

25.  Equivalent  evaporation   from  and  at  212  degrees  per 

pound  of  coal,  as  fired  10 .240     " 

26.  Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  dry  coal 11 .  130     " 

27.  Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  combustible 12 .  370     " 


Efficiencies. 

28.  Calorific  value  of  dry  cx)al  perpound 13,488  B  .T.  U. 

29.  Calorific  value  of  combustible  per  poimd 15,433        " 


Cost  of  Evaporation. 

30.  Cost  of  coal  per  ton  of  2,240  pounds  delivered  in  Boiler 

Room  $3.5300 

31.  Cost  of  coal  required  for  evaporation  of  1,000  lbs.  of 

water,  from  and  at  212  degrees 0 .  1539 

In  reference  to  the  matter  of  coal,  the  amount  of  refuse,  as  per  calorimeter  tests, 
was  12.6  per  cent.  Assuming  tliis  as  the  total  ash,  the  evaporation*  per  pound  of 
combustible  was  equal  to  12.09  pounds. 

The  percentage  of  moisture  in  tlic  coal  is  considerably  more  than  under  ordinary 
conditions,  as  it  was  raining  on  the  day  before  the  test  and  the  coal  was  not  housed. 
A  large  number  of  samples,  liowever,  were  taken  and  dried,  in  order  to  obtain  this 
percentage. 

The  total  heat  of  steam,  at  21.08  sup<?rheat,  was  figured  from  Wood's  formula, 
as  follows: 

H  =  1,091.7  +  0.48  (T  -  32  degrees)  in  which  II  =  total  heat  units  above  32 
degrees;  T  =  tcmp<^rature  of  st4»am. 

The  factor  of  evajK)ration  was  then  figured  by  the  regular  formula,  as  given  in 
the  Society's  code  for  boiler  tests. 


(1.W  KILOWA'IT  TEST.) 

Economy  Tksts  of  400  Kilowait  TuKHO-dKXKnAToii. 

IT  No.  2.  Date,  April  13,  1003. 

Voltage 227.5 

Average  R.  P.  M  .'i.OOO 

Maximum  sjx^ed  variation,  as  jht  tachornj'trr O.f)  p.  e. 

Average  load 1 .52  K.  W. 

"        water,  per  hour 4,2r.3 . 3  lbs. 
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Duration  of  test 3  hrs. 

Steam  pressure  (per  gauge)  at  throttle .  144.85  lbs. 

Average  vacuum 27 .34  ins. 

Water  per  K.  W.,  per  hour 28.05  lbs. 

"        "  E.  H.  P.  =  Water  per  K.  W.  hour  x  746 

— — — 20.92     " 

1,C00 

"  B.  H.  P  =  Gen.  Eff.  (0.91)  x  Water  per  E.  H.  P. 

per  hour 19.03     " 

Water  perl.H  P.  =  WaterperE.  H.  P.  per  hr.  x  0.85. . . . :  17.78      " 

Maximum  average  load   for  1  hour 152  K.  W. 

Minimum         "           "        "        "     152      " 

Maximum  water  rate  per  K.  W.  hour 28 .  27  lbs. 

Minimum       "        "            "          "     27.91     " 

Maximum  vacuum 27 .42  ins. 


K.  W.      =  Kilowatts. 
E.  H.  P.  =  Electric  Horse-power. 
B.  H.  P.  =  Brake  Horse-power. 
I.  H.  P.  =  Indicated  Horse-power. 


This  test  was  made  after  working  hours,  with  the  boiler  running  very  light, 
which  accounts  for  the  low  pressure,  and  lack  of  superheat.     * 


(300  KILOWATTS  TEST.) 

Economy  Tests  op  400  Kilowatt  Turbo-Generator. 

Test  No.  3.  Date,  April  14,  1903. 

Voltage 227.5 

Average  U.  P.  M  3,G00 

Maximum  fcspeed  variation,  as  per  tachometer 0.5  p.  c. 

Average  load 323  K.  W. 

'*        water,  jxt  hour 7,217 .3  lbs. 

Duration  of  test 3  hrs. 

Steam  pressure  ({XTgauire)  at  throttle  .  .,. 153.3  lbs. 

Superheat  at  throttle             "         "         3.44°  Fahr. 

Average  vacuum 27.64  ins. 

Water  per  K.  W.,  per  hour    22.34  lbs. 

"      per  E.  H.  V.  =  Water  per  K.  W.  hour  x  740 

' 16.67  " 

1,000 

Water    '^     B.  H.  P.  r^  Gen.  Kff.  (0.01)  x  Water  per  E.  H.  P. 

ix?r  hour 15 .  17     " 

Water  p<T  I.  H.  P.    -  Water  per  E.  H.  P.  per  hr.  x  0.85 14. 17     " 

Maximum  average  load  for  1  hour 323  K.  W. 

Mininiuni         "            "       *'         ''    323       " 

Maxiinnin  sujx'rln'at 9.97°  Fahr. 

"           water  rate  pc^r  K.  W.  hour 22.70  lbs. 

Minimum         ''        "            ''          ''      22.03     " 

Maximum  vacuum  27.71  ins. 


16.03 
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(RUNNING  LOAD.) 

Economy  Tests  of  400  Kilowatt  Turbo-Generator. 

Test  No.  4.  Date,  April  17,  1903. 

Voltage 227.5 

Average  R.  P.  M 3,000 

Maximum  speed  variation,  as  per  tachomctn* 0 . 5  p.  c. 

Average  load 375  K.  W. 

"       water,  per  hour 8,358 . 5  lbs. 

Duration  of  test 4  hrs. 

Steam  pressure  (pt*r  gauge)  at  tlirottle 152  lbs. 

Superheat  at  throttle             "        "        0.40°  Fahr. 

Average  vacuum 27 .  43  ins. 

WaUT  per  K.  W.,  per  hour 22.29  lbs. 

Water     "    E.  H.  P.  =  Water  p(»r  K.  W.  hour  x  740 

1,000  

Water    "    B.  H.  P.  =  Gen.  Eff.  (0.91)  x  WaUT  pi>r  E.  II.  P., 

perhour 15.13     " 

Water  per  I.  H.  P.  =:  Water  per  E.  H.  P.,  per  Iir.  x  0.85  . . .    '  14.13     " 

Maximum  average  load  for  1  hour 383  K.  W. 

Minimum         "          "        "        "    307  K.  W. 

Maximum  superheat 18.27^Fahr. 

"         water  rate  per  K.  W.  liour 23. 11 

Minimum       "        "            "          "    21 .40 

Maximum  vacuum 27 .  84  ins. 


(400  K.  W.  TEST.) 

Economy  Tests  of   100  KiunvAiT  Turbo-Ge.vehator. 

Test  No.  5.  Dyik,  April  17.  1903. 

Voltage 227  .5 

Avcragci  R.  P.  M  3,()(K) 

Maximum six>cd  variation,  :is  per  tacli<Mncl<  r 0.5  p.  c. 

Averagt*  load 307 . 1 1  K.  W. 

"        water,  i>t hour S,71)S.0r)  lbs. 

Duration  of  te.^t 3  brs. 

Steam pn^ssu re  iMT^iingf.  n\  tlirottle 150.92  lbs. 

Superheat  at  throttle   liMUi"  I'ahr. 

Average  vacuum 2(» .  9.")  ins. 

Water  per  K.  W.,  jH-rhoiir  22.1.')(i  lbs. 

"  "  E.  H.  P.  =:  Wat.-ri).!-  K.  W.  hnm  •   7  Hi 

-—                io.r..s     " 

1,(K)(> 

"       "  B. II.  P.  -i(;.ii.  Kir. (0.!)i)  >.  W:it(ii)<ri:. ii.p., 

perhour 15.0}     '^ 

Waterperl.  U.  P.  -^  Wat.Tp:  r  i:.  FI.  P.,  p  r  iioi:;       O.s.-).  .  M  05     '* 
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Maximum  average  load  for  1  hour 398.26  K.  W. 

Minimum  "         "       "       " 394.92  K.W. 

Maximum  superheat 24.27* Fahr. 

"         water  rate  per  K.  W.  hour 22.45  lbs. 

Minimum         "       "  "  "    22.18    " 

Maximum  vacuum 27 .85  ins. 


OVERLOAD  TEST. 

Economy  Tests  of  400  Kilowatt  Turbo-Gknerator. 

Test  No.  6.                                                                           Date,  Dec.  11, 1902. 

Voltage 238.70 

Average  R.  P.  M 3,600 

Maximum  sjjccd  variation  as  per  tachometer 0 . 5  p.  c. 

Average  load 490  K.  W. 

"         waterperhour 10,625.8  lbs. 

Duration  of  test 5  hrs. 

Steam  pressure  per  gauge,  at  throttle 152 . 7  lbs. 

Superheat  at  throttle 18.2*Fahr. 

Average  vacuum 27 .55  ins. 

Water  per  K.  W.,  per  hour 21.7  lbs. 

"       "  E.  H.  P.  =  Water  per  K.  W.  hour  x  746 

— — — — 16.18  " 

1,000 

"      "  B.  H.  P.  =  Gen.  Eff.  (0.91)  x  water  per  E.  H.  P. 

per  hour 14  72  " 

Water  per  I.  H.  P.  =  Water  per  E.  H.  P.  per  hr.  x  .085  . .  13.7o  " 

Maximum  average  load  for  1  hour 525.  K..W. 

Minimum         "          "          "      "...-. 432.       " 

Maxinmm  superheat 26.6*  Fahr. 

"         water  rate  per  K.  W.  hour 22.33  lbs. 

Minimum        "        "           *'           "      21 .22  " 

Maximum  vacuum  27 .65  ins. 
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Test  No.  10 


37  I'ulUy  , 


87  I'ullcv    ^ 
L  ' 


lU  It.  Il 


,i;'ShaftingS7/^Cdla. 
L  3  BabbiltoJ  Riay 
<^UiliuK  Bcarinp 


r    ■      L30H.P.M..lor 
.     Li„,7V^    a50R.P.»l. 
H'Pulley 

-37"Pull«y 
J 


ir^ 


M5U"M.ifiiiij,'  '2  7/10  .Ma..  S  BabbltU'J 
KijiK  Olliug  Uvariug*. 

CLaracUr  of  Work:  Cupola  Bluwer-IieuliaK  SykUm 

Fiu.  175. 


THE  STEAM   TURBINE  FKOM  AN   OPEUATING   STANDPOINT.       1023 
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Test  No.  18 
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Discussiox. 


Mr.  S,  S*  Webber^ — I  would  like  to  ask  the  author  if  any  ex- 
amination was  made  of  the  vanes  in  the  turbines  to  determine 
whether  cutting  was  taking  place  due  to  tbe  rapid  passing'-  of 
steam  tln-ougb,  It  seems  to  me  that  would  be  one  of  the  things 
that  woidd  take  place. 

Mi\  WitMmn. — The  evidence  for  nearly  a  year  shows  nothing 
of  the  sort. 

Mt\  Pomeroy.—On  page  1008  the  author  states  that  the  tur- 
bine is  working  non-condensing  between  7  and  in  a.m.  and 
between  3  and  5  i",>[.,  and  I  want  to  know  whether  there  is  any 
record  of  the  steam  consumption  non-condensing  ? 

Mt\  A.  J/.  Mtittiee.~^iy  connection  witli  tbe  company  which 
built  the  turbo-generator  described  by  Mr<  Waldron,  and  which 
met  with  an  accident  at  the  Yale  &  Towne  Works  enables  me  to 
lay  lie  fore  the  Societ}"  some  facts  which  may  be  of  interest,  par- 
ticularly to  those  members  who  have  occasion  to  ase  steel  forg- 
ings  for  pHi'post*s  which  require  groat  care  in  the  selection  of 
muteriaK  The  core  of  this  revolving  fiekl  was  a  steel  forging 
a  triHe  less  than  two  feet  in  diameter.  The  material  was  an- 
nealed nickel  steel,  nuule  to  specifications  which  includeil  a  i^e- 
quirement  of  at  least  40,0u0  pounds  \^t  stpiare  inch  elastic  limit 
and  25  per  cent*  elongation  in  a  standard  tent  piece  ^  inch  diam- 
eter  and  2  inches  long  between  gauge  points. 

The  fact  is  doubtless  familiar  to  many  members  that  stoel 
forgings  frequently  show  very  fine  cracks  running  parallel  to 
the  axis  of  the  forging.  Sometimes  these  are  superficial,  but  in 
other  cases  are  quite  deep*  I  have  noticed  these  cracks  mora  in 
nickel  than  in  carbon  steel.  These  cracks  often  show  up  during 
rough  turning,  but  tlie  tiner  ones  are  fre^jnently  developed  only 
by  the  finishing  cuts. 

We  had  liiul  occasion  to  reject  several  nickel  steel  forgings  for 
this  class  of  defect  previous  to  the  building  of  the  Vale  &  Towne 
machine.  No  defects  were  disco veretl  at  our  works,  but  an  ex- 
amination of  the  fractured  forging  showed  that  there  were  a 
number  of  very  deep  cracks  reaching  to  several  inches  below  the 
surface,  the  difference  in  appearance  between  the  original  cracks 
anil  the  new  fractures  being  very  marked > 

There  wei^e  no  fractures  at  the  points  which  were  suhjocte<l  to 
the  greatest  stresses  due  to  centrifugal  force^  but  the  fractures 
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were  extensions  of  the  original  cracks;  one  fracture  being  at  the 
point  where  there  would  have  been  less  stress  than  at  any  other 
point  if  the  metal  had  been  sound.  *    ~  • 

An  investigation  as  to  why  the  cracks  had  not  been  discovered 
during  the  machining  of  the  forging  in  the  electric  works  showed 
that  such  cracks  may  or  may  not  show  up  during  machining, 
according  to  circumstances.  A  crack  may  not  be  noticeable  to 
the  naked  eye,  but  may  be' readily  traced  by  a  magnifying  glass. 
A  crack  may  not  be  visible  in  smooth  tool  finish,  but  may  be 
visible  to  the  naked  eye  or  perhaps  only  by  the  aid  of  a  magni- 
fying glass  after  highly  polishing.  Even  after  polishing,  a 
crack  may  not  be  visible,  but  will  be  shown  up  by  etching  the 
surface  with  diluted  nitric  acid.  Finishing  by  grinding  will 
hide  a  crack  which  a  smooth  tool  finish  may  expose,  presumably 
because  the  grinding  operation  drags  the  surface  of  the  metal 
across  the  crack. 

In  examining  the  surface  of  a  forging  for  the  purpose  of  dis- 
covering possible  cracks,  care  should  be  taken  to  discriminate 
between  true  cracks  and  what  at  first  sight  might  be  mistaken 
for  cracks.  Sometimes  after  machining,  sometimes  after  polish- 
ing, and  sometimes  only  after  etching  with  acid,  sinuous  lines  will 
be  found,  which  might  be  easily  mistaken  for  cracks,  but  where 
the  metal  is  perfectly  sound.  These  are  what  are  sometimes 
called  by  steel  makers  "  white  streaks."  The  cause  of  these  I 
am  unable  to  explain,  but  I  presume  that  they  are  caused  by  the 
floAv  of  metal  during  forging.  As  far  as  my  experience  goes, 
these  streaks  appear  only  near  the  surface  of  the  rough  forging, 
and  disappear  at  a  moderate  depth.  These  streaks  may  gener- 
ally be  distinguished  from  cracks  by  the  fact  that  the  streaks 
are  in  general  Avavy  and  run  in  various  directions,  while  the 
cracks  are  fairly  straight  and  in  general  run  nearly  parallel  to 
the  axis  of  the  forging. 

Test  pieces  taken  from  the  fractured  forging  showed  a  very 
considerable  difference  in  the  ([uality  of  the  material  at  the 
periphery  and  at  the  bore  for  the  shaft;  the  elastic  limit  being 
much  higher  at  the  bore  than  at  the  peri})hery,  and  the  elonga- 
tion very  mucli  less.  Whether  this  difference  has  anything  to 
do  with  tlie  production  of  surface  cracks  is  a  question  for  steel 
makci's  to  solve.  An  analysis  of  the  steel  showed  considerably 
higher  silicon  near  the  bore  than  at  the  peri]>hery,  but  other- 
wise the  analyses  were  practically  identical. 
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The  results  nf  an  investt^atiim  of  the  cause  of  the  accident 
citod  by  Mr,  Wuldron  has  convinced  us  that  onHnary  methods 
of  ins|K?c^ti43n  and  test  of  steel  will  not  su  ffica  in  cases  Avhere  a 
fracture  uiight  lead  to  serious  results.  A  test  piece  taken  from 
an  extension  of  the  forging  in  the  usual  manner,  may  or  may 
not  represent  the  true  nature  of  the  forging".  This  test  may 
sbo^  up  welU  and  ab  the  same  time  the  forging  may  be  ductile 
in  one  place  and  very  brittle  in  another. 

In  order  to  guard  against  a  n.» petition  of  such  an  accident  we 
now  require  at  least  two  test  pieces  t5  be  taken  from  each  forg- 
ing for  turbo-generator  fields;  one  from  near  the  (Periphery  and 
one  from  near  the  bore,  before  preliminary  acceptance  at  the 
steel  works.  We  also  require  the  surface  of  the  forging  to  be 
polished  and  etched  with  iicid  to  explore  for  possible  cracks. 
During  the  machining  operations  at  the  electric  works  a  number 
of  slots  and  holes  am  cut  in  the  forgings  to  receive  the  field 
winding  and  to  provide  for  %^entilation.  Advantage  is  taken  of 
this  to  obtain  further  test  pieces,  thus  enabling  us  to  ascertain 
the  true  quality  of  tlie  steel  all  the  way  through.  The  tests 
made  on  s|iecimens  so  obtained  have  led  to  a  number  of  rejec- 
tions of  forgiugs. 

For  fear,  however*  that  tests  and  inspection  may  fail  to  locate 
a  def^t  in  the  rotor  of  a  turbo-generator,  we  now  test  all  such 
genemtors  in  our  shop  at  ^U  per  cent,  over  normal  speed,  thus 
adding  44  per  cent,  to  the  stresses  due  to  centrifugal  force* 
Where  the  failure  of  the  governor  might  cause  a  Teciprocating 
engine  to  reach  *J0  per  otjnt.  overspeed  in  a  comparatively  short 
time,  the  high  ratio  between  the  inertia  of  the  turbo-generator 
and  the  driving  force  causes  fluctuations  of  speed  to  be  very 
gnulual,  and  a  turbine  would  be  so  long  in  reaching  overspeed 
as  to  give  the  attendants  plenty  of  time  to  shut  off  steam.  It 
may  be  remark<id  that  the  change  in  the  sound  due  to  a  change 
in  speed  of  a  turbo-generator^  eitlier  higher  or  lower,  is  so 
marked  that  an  attendant  instantly  notices  it.  The  inertia  of 
the  turbo-generators  will  be  appreciated  by  the  fact  that  the  400 
kilowatt  machines,  such  ns  used  by  Yale  &  Towne,  run  for 
nciirly  twenty  minutes  after  steam  is  shut  off. 

Mr.  Waldron  mentions  the  fact  tliat  pmctically  no  damage 
was  done  to  the  building  or  to  Llic  bystanders  by  the  accident  to 
the  generator.  This  is  accountetl  for  by  the  construction  of  the 
stationary  armaitire  which  is  built  up  of  sheet  steel  punchings 
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which  are  lapped  over  each  other,  breaking  joints,  thus  forming 
a  structure  of  such  immense  strength  that  the  bursting  of  the 
rotor  running  at  3,600  revolutions  per  minute  was  insufficient  to 
rupture  it. 

Many  people  would  probably  lose  faith  in  a  comparatively 
new  type  of  apparatus  like  a  turbo-generator  after  an  accident 
such  as  the  author  has  described.  Mr.  Waldron,  however,  took 
the  matter  very  philosophically,  and  seems  to  have  reasoned  as 
follows: 

The  accident  was  plainly  due  to  flaws  in  the  material  and  not 
to  fault  of  design.  Similar  accidents  frequently  happen  to  the 
flywheels  of  reciprocating  engines.  In  the  case  of  a  turbo- 
generator the  construction  is  such  that  the  effects  of  an  accident 
must  be  confined  within  the  machine  itself  instead  of  damaging 
surrounding  property.  Therefore,  aside  from  other  considera- 
tions, a  turbine  outfit  is  the  preferable  form  of  motive  power. 
It  is  a  significant  fact  that  the  Yale  &  Towne  Manufacturing 
Co.  shortly  after  the  accident,  and  before  the  outfit  had  been 
repaired,  ordered  another  turbo-generator  which  is  an  exact 
duplicate  of  the  one  to  which  the  accident  occurred,  thus  show- 
ing their  faith  in  this  type  of  apparatus. 

Mr,  W,  Z.  R,  Eimnett, — I  would  like  to  ask  one  or  two  ques- 
tions of  the  author  of  this  paper.  lie  speaks  of  the  lubrication 
of  the  bearings.  I  would  like  to  know  whether  any  of  the 
special  types  and  methods  used  in  the  European  turbines  have 
been  used  in  these  bearings.  I  would  like  also  to  know  whether 
the  steam  is  entirely  free  from  oil  when  it  enters  the  condenser. 
I  would  also  like  to  know  the  pressure  of  the  oil  used  in  the 
bearings. 

The  report  which  has  been  read  concerning  the  condition  of 
steel  forgings  used  in  the  field  of  this  generator  indicates  the 
character  of  imperfections  which  are  liable  to  occur  in  any  forg- 
ing. I  consider  it  much  more  desirable  \vhere  possible,  to  use 
sheet  steel  punchings  for  a  structure  of  this  sort.  Sheet  steel 
is  a  fibrous,  laminated  structure,  and  is  not  subject  to  cracks. 
The  strength  of  a  structure  built  up  of  punchings  is  almost  cer- 
tain to  be  fully  equal  to  the  tested  strength  of  the  material  from 
which  it  is  ])uilt. 

Mr.  C.  F.  Kerr. — There  are  just  three  points  which  I  would 
like  to  take  up  in  this  paper.  I  want  to  call  attention  first  to 
the  statement  as  to  the  guarantees  made  on  page  1001.    It  is  stated 
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there  that  the  guaranteed  economy  was  IftJ  pounds  of  water 
per  electrical  horse  power  at  the  switchboard  with  28  inches  of 
vacuum,  40  degrees  Fahr.,  superheat,  and  155  pounds  gauge 
pressure.  Upon  page  1016  on  the  400  kilowatt  test,  the  steam 
pressure  was  151  pounds,  the  superheat  at  the  throttle  20  de- 
grees, the  vacuum  a  little  less  than  27  inches,  and  the  water  })or 
electrical  horse  power  was  16.53  pounds.  Again,  on  page  1018,  on 
the  overload  test,  Avhere  the  steam  pressure  was  a  little  less  than 
153  pounds,  the  superheat  at  the  throttle  18  degrees,  the  vacuuin 
27i  inches,  and  the  water  16.18  pounds.  Mr.  WaJdron  has  not 
stated  on  which  side  of  the  guarantee  the  result  showed.  Hence 
I  am  privileged  to  call  attention  to  this  matter.  Again,  on 
page  1007,  he  speaks  of  the  failure  of  the  rotating  field.  It  was 
my  privilege  to  take  part  in  a  sort  of  mathematical  autopsy  of 
this  field,  and  I  may  say  that  after  calculating  the  stresses  in 
several  diflferent  ways,  the  maximum  was  less  than  14,000 
pounds  per  square  inch,  which  gave  a  factor  of  safety  within  the 
elastic  limit  of  about  3  and  ultimate  strength  of  about  6. 

On  page  1008  is  mentioned  another  fact  in  connection  with  the 
operation  of  the  turbine  which  is  interesting  from  the  stand- 
point of  thermodynamics.  *'  The  writer  has  also  found  that  the 
temperature  in  the  exhaust  chamber  of  the  turbines  varies  with 
the  diflfei'ent  loads,  and  at  full  load  and  overload  there  is  more 
or  less  superheat,  whether  running  condensing  or  non-condens- 
ing." We  must  take  that  in  comparison  with  the  low  degree  of 
superheat  at  the  throttle,  and  the  fact  that  we  have  but  27 
inches  of  vacuum.  In  that  connection  I  simply  wish  to  call 
attention  to  some  tests  wliicli  have  come  under  my  notice.  For 
instance,  a  simple  engine,  non-condensing,  shows  superheat  in 
the  exliaust  as  calculated  from  the  water  rate,  and  the  curve  of 
these  tests  would  show  that  for  a  superheat  of  70  degrees  the 
exhaust  would  conic  out  of  the  engine  dry.  What  would  it  do 
in  the  condensing  engine  ?  Another  test  with  120  pounds  gauge, 
26  inches  vacuum,  showed  moisture  in  the  exhaust,  and  the  curve 
of  these  tests  would  sliow  that  with  265  degrees  suj)erheat  the 
exhaust  wouhl  come  out  of  the  engine  dry,  even  with  26  inches 
vacuum.  And  1  miglit  call  attention  to  the  fact  that  if  you  look 
at  the  results  of  some  of  Professor  Ewing's  tests  you  will  find 
with  non-condensing  work  as  much  as  1 00  <legrees  of  superheat 
in  the  exhaust.  To  sliow  that  excessive  su[)erlieat  is  not  always 
a  really  good  thing,  a  (ierman  engineering  society  reports  a  test 
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on  a  30  horse  power  turbine,  steam  pressure  88  pounds,  but  the 
superheat  ran  the  temperature  to  932  degrees,  the  steam  per 
horse  power  rate  was  25.7,  while  the  exhaust  had  a  temperature 
of  437  degrees  above  atmospheric  temperature.  This  Avas  non- 
condensing,  and  running  at  full  load.  It  is  the  opinion  of  at 
least  two  of  the  highest  authorities  that  superheat  should  stop 
at  the  point  where  the  exhaust  is  turned  out  dry. 

These  are  interesting  points  to  me,  and  I  believe  that  the 
future  will  see  a  great  deal  of  attention  paid  to  them.  Even  if 
this  limit  of  eificiency  should  prove  true  in  practice,  we  have  to 
consider  that  Ave  are  making  superheat  at  the  expense  of  coal, 
and  very  likely  these  authorities  are  right  in  taking  the  exhaust 
dr}'-  for  the  maximum  economy,  w^hen  we  take  into  account  the 
cost  of  the  plant. 

Mr.  WaldronJ*' — No  test  has  yet  been  made  in  reference  to 
the  economy  of  the  turbine  running  non-condensing,  all  of  the 
exhaust  steam  being  utilized  in  the  winter  time  for  heating 
buildings. 

In  reference  to  superheat,  no  systematic  or  accurate  tests  have 
been  made.  It  Avas  noticed  particularly  by  me,  during  the 
different  tests  reported  in  this  paper. 

As  to  the  guarantee,  I  did  not  think  it  Avould  be  necessary  to 
state  Avhich  side  of  the  guarantee  was  reached  by  the  turbo- 
generator^ as  an  ifisi)ection  of  the  tests  Avill  shoAV  that  Avith  a 
lower  degree  of  steam  pressure,  superheat  and  A'acuum  than  Avas 
si)ecified  in  the  guarantee,  the  average  economy  for  all  loads 
Avas  less  than  the  guarantee. 

A  Meniher, — I  should  like  to  ask  the  following  questions: 

1.  Does  the  oil  used  go  into  the  exhaust  steam? 

2.  Are  the  bearings  made  of  a  number  of  concentric  sleeves? 

3.  Wliat  oil  pressure  is  used  on  tlie  bearings? 

J//'.  ]Va/</rof), — 1.  Cylinder  oil,  to  the  extent  of  about  i  gallon 
per  week,  goes  into  the  exhaust  steam. 

2.  Tlie  bearings  are,  I  think,  made  of  three  concentric  sleeves, 
but  I  am  not  in  a  position  to  discuss  the  details  of  design,  as  I 
am  not  familiar  enough  Avith  them. 

3.  Pi'essure  of  oil  on  the  bearings,  I  should  judge,  was  from 
18  to  2S  inches. 


*  Author's  Closure,  und(T  the  Rules. 
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ALTERNATING    CURRENT  MOTORS   FOR    VARIABLE 

SPEED. 

BY  W.  I.  SLIGHTER,  SCHENECTADY,  N.  Y. 

(Junior  Member  of  the  Society.) 

1.  The  impression  is  very  general  tliat  a  variaWe  speed  cannot 
be  obtained  with  an  alternating  current  motor,  and  that  if  an 
alternating  ciu'rent  plant  is  to  be  installed,  the  idea  of  obtaining 
a  variable  speed  drive  of  any  of  the  tools  ninst  be  abandoned. 
This  is  not  so,  and  tlie  object  of  this  ])aper  is  to  show  tlie  possi- 
bilities of  this  type  of  motor,  and  to  jmint  out  its  limitations. 

Bat  it  must  l)e  understood  in.  the  first  j)lace  that  it  is  not 
claimed  for  tlie  alternating  current  motor  that  it  can  compete 
with  the  direct  current  type  where  continual  variations  of  speed, 
throughout  a  wide  range,  are  recpiired,  as  the  latter  motor  is 
usually  superior  in  ediciency  un<ler  these  con<litions. 

2.  Let  us  assume,  then,  that  the  jH'oblem  to  be  solved  is  a  case 
where  an  alternating  current  ])lant  is  desira])le  for  general  rea- 
sons, such  as  distance  of  transmission  or  avaihibility  of  power, 
and  that  a  consiilora])le  amount  of  the  ])!)wer  is  used  in  constant 
speed  work,  but  a  certain  portion  of  the  work  reipiiros  a  varia])le 
speed.  AVhat  is  the  most  appropriate  and  most  ellicient  inetliod 
of  obtaining  the  variable  speed? 

3.  The  si)ee(l  of  an  alternating  current  niotor  may  be  con- 
trolled in  a  numl)or  of  ways  : 

{a)  By  vaiyiu.LT  the  potential  applic^l  to  the  primary  of  a  motor 
having  a  suitabN*  resistance  in  the  se(M>n(lary. 

{J})  By  varyini^  thi*  rcsistaiu^e  in  the  secondary  cinMiit. 

(c*)  By  chanirini^  the*  connections  of  thi^  primary  in  a  manner 
to  change  tin*  nnnil)er  t>f  pol(\s. 

{d)  By  varying  the  fF*e(|iiency  of  the  applied  voltage. 

*  Pn*8<»ntpd  at  tlio  SMiatnLM  TinotiiiL'"  (.Iuim».  1!)i>8)  of  tlio  Auu'rican  Sorioty 
of  Moclianicnl  Ku^'huhts,  und  I'ormliitjr  ])art  of  Volume  XX1\'.  of  the  Tnnifi- 
aeiiont. 
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For  the  benefit  of  those  not  familiar  with  tlie  polyphase  in- 
duction motor,  a  general  view  of  its  characteristics  may  be 
desirable. 

4.  These  characteristics  are  very  similar  to  those  of  the  con- 
tinuous current  shunt  motor — that  is,  at  a  constant  impressed 
voltage  and  frequency  the  speed  tends  to  be  constant,  and  a  con- 
siderable change  in  load  will  not  cause  an  appreciable  change  in 
speed.  As  the  load  increases,  the  speed  drops  gradually  to  a 
critical  point,  usually  about  15  to  20  i>er  cent,  below  the  normal 
value,  and  then  the  motor  breaks  down  completely  if  the  load  is 
any  further  increased.  The  same  action  occurs  exactly  if  tho 
load  is  kept  con^ant  and  the  voltage  is  decreased.  But  if  the 
frequency  of  alternation  of  the  impressed  voltage  is  decreased, 
the  speed  will  decrease  in  exactly  the  same  proportion.  That  is, 
for  a  given  frequency  and  a  given  number  of  poles  in  the  motor, 
the  speed  is  practically  fixed  and  independent  of  all  other  effects. 

The  one  exception  to  this  last  rule  is  the  effect  of  the  resist- 
ance (or  losses)  in  the  secondary  (usually  the  rotating)  member. 

5.  The  drop  in  ^peed  from  the  synchronous  value  is  directly 
proportional  to  these  losses.  Thus,  by  increasing  the  resistance  of 
this  circuit,  any  desired  speed  may  be  obtained  at  the  expense  of 
these  losses.  With  the  increased  resistance,  the  speed  at  which 
the  motor  breaks  down  may  be  reduced  to  a  very  low  value, 
even  to  zero  speed.  Thus,  by  reducing  the  voltage  applied  to 
the  motor  for  a  given  torque,  the  effect  is  produced  of  over- 
loading it,  and  the  speed  drops. 

These  characteristics  are  equally  true  for  the  two-phase  or 
three-phase  motor,  of  course,  as  the  two  motors  are  practically 
identical  in  their  construction. 

6.  In  this  connection  it  should  1)0  remembered  that  a  variation 
of  an  alternating  voltage  may  be  obtained  by  means  of  a  react- 
ance or  compensator  with  a  very  small  loss  of  energy,  whereas 
with  a  continuous  voltage  the  loss  of  energy  is  usually  propor- 
tional to  the  variation  in  voltage. 

Taking  up  these  methods  in  the  order  enumerated,  we  will 
analyze  their  characteristics. 

7.  Potential  Control:  In  this  a  suitable  reactance  or  "com- 
pensator" reduces  the  line  voltage  to  the  fractional  valine  de- 
sired. In  this  reduction  the  energy  lost  is  only  about  5  percent, 
of  the  amount  transformed. 

The  inducti(m  motor  should  have  a  very  large  resistance  in  the 
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secondary,  which  is  preferably  of  the  squirrel  cage  type.  This 
resistance  gives  the  motor  a  speed  characteristic  such  that  its  full 
load  speed  is  some  10  per  cent,  less  than  that  of  a  normal  motor, 
and  as  the  load  is  increased,  the  speed  will  fall  to  about  30  per 
cent,  of  this  value  without  the  motor  ''  breaking  down  "  or  fall- 
ing out  of  step,  which  in  the  normal  motor  usually  takes  place 
at  about  80  per  cent,  of  the  full  load  speed. 

8.  Such  a  motor  would  have  the  following  characteristics, 
assuming  its  synchronous  speed  as  1.00,  and  the  voltage  applied 
as  100.  (This  is  based  on  a  50  horse-power,  40  cycle  motor,  at 
800  revolutions  per  minute,  as  an  instance.) 

For  constant  fuU  load  (50  horse-power)  torque  at  various 
speeds : 

FuU  load  speed 

Three-quarter  load  speed. . 

One-half  load  speed 

One-quarter  load  speed. . . . 
Normal  motor  (full  speed). 

From  this  wo  see  the  principal  and  worst  characteristic  of  this 
scheme.  The  increased  losses  in  the  motor  (thus  increased  heat- 
ing) with  the  decreased  speed.  This  means  that  the  motor  must 
be  larger  than  normal. 

9.  Rheostat  Control:  In  this  scheme  the  secondary  or  rotor 
must  have  a  definite  winding  (as  opposed  to  the  squirrel  cage, 
which  is  cheaper)  with  slip  rings  and  brushes  to  lead  out  the 
current.  The  friction  and  resistance  losses  due  to  these  brushes 
decrease  the  efficiency  of  the  motor  somewhat.  The  secondary 
is  usually  wound  for  a  higher  voltage  and  less  current  than  in 
the  standard  or  normal  motor,  to  ininiuiize  theso  losses.  The 
action  of  this  method  is  based  on  the  ])rinciple  that,  in  an  induc- 
tion motor,  the  drop  in  speed  for  any  giv<'n  tonjue  is  propor- 
tional to  the  resistance  of  the  secondary  circuit. 

10.  This  scheme  would  show  the  fcjllowing  characteristics  for 
the  same  motor  as  before  at  5U  horse- j)ower  torque,  constant : 


Speed. 

Volte. 

Efficiency. 

LosseH,  Motor. 

K.  W.  Com  p. 

.89 

100 

81 

8.8  K.  W. 

0.0  K.W. 

.67 

66 

59 

18.5      ♦• 

1.0      " 

.45 

57 

87 

82.0      ** 

2.0      - 

.2-3 

56 

17 

45.7      •* 

8.5      " 

.98 

100 

88 

5.0      •* 

0.0     »• 

Sp(M>d.  Volts.  Eff.  Losses.  Motor.      Klu'o. 

FuU  load  speed 1K5  100  8«  5  K.W.     0.0  K   W 

Three-quarter  load  .^IH'O^I 72  100  65  5      '*        9.0 

One-half  load  six'cd 48  100  V^  5      "       iy.5      *' 

One-quarter  Ir.d  spood     24  100  22  5      "      2h  0      " 

Nonnal  motor  (full) 98  100  «8  5      "        0.0      ** 
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As  will  be  seen,  this  method  gives  a  higher  eflSciency  through- 
out, but  particularly  excels  the  previous  method  in  having  so 
much  smaller  losses  in  the  motor  itself,  thus  permitting  of  a 
smaller  design  and  less  danger  of  damage.  The  losses  are  con- 
centrated in  a  rheostat,  which  is  a  cheaper  piece  of  apparatus 
and  less  liable  to  damage,  being  of  iron  and  asbestos  usually, 
instead  of  high  grade  insulating  materials,  as  in  the  motor  proper. 

11.  Changeable  Poles :  By  using  a  pitch  of  winding  which  is 
commensumble  with  two  numbers  of  poles,  we  may  build  a 
motor  which  will  operate  with  either  4  or  8,  6  or  12,  etc.  poles, 
by  a  slight  change  of  the  connections.  Or  by  a  more  intricate 
arrangement  of  windings  a  change  from  4  to  6,  6  to  8,  etc.,  may 
be  made. 

In  this  arrangement  it  is  necessary  to  use  a  squirrel  cage 
armature,  since  it  is  suitable  for  any  number  of  poles,  and  the 
pitch  of  the  primary  coils  has  to  be  made  some  compromise  value 
between  the  normal  pitch  of  the  two  combinations,  so  it  is  usually 
not  the  best  or  most  eflfective  pitch  for  either  number  of  poles. 
Therefore  the  constants  of  this  motor  should  not  be  expected  to 
be  as  good  as  those  of  the  standard  motor. 

Of  course  such  a  motor  operates -advantageously  only  at  two 
speeds  corresponding  to  the  synchronous  speeds  of  the  two 
arrangements.  Thus,  a  12  and  6  pole  motor  at  40  cycles  would 
operate  at  either  400  or  800  revolutions  respectively. 

If  a  wider  range  is  desired,  the  potential  control  scheme  first 
mentioned  may  be  combined  with  it. 

12.  For  a  motor  operating  at  full  and  half  speeds,  say  with 
6  and  12  poles  for  800  and  400  revolutions,  we  would  have  : 


Volts. 

Eir. 

Losses. 

100 

86 

-6.8 

100 

74 

6.6 

Full  speed,  50  horse-power 

Half  speed,  25  horse-power 

Thus,  for  full  load  torque  at  half  speed  we  get  an  efficiency 
almost  double  that  obtained  with  the  other  methods,  but  what 
losses  there  are  are  in  the  motor  itself,  as  in  the  first  case.  The 
losses  are  about  the  same  in  the  two  cases,  the  speed  thus  the 
ventilation  being  half  in  one  case,  the  heating  is  greater  at  the 
lower  speed. 

13.  VariahU  Freqiieticy :  Every  induction  motor  tends  to  run 

60  X  frequency. 
at  synchronous  speed — that  is,  at  a  speed  equal  to  Poles 
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Thus,  if  a  different  frerjueticy  is  impressotl  on  the  motor,  it  will 
run  at  a  ciiffereiit  spoecl.  Some  installations  have  been  made 
where  two  or  three  alternating  eun^ent  generators  are  used  to 
obtain  different  frequencies,  and  these  cireuits  are  carried  around 
the  shops  by  Tarious  sets  of  lines  (usually  three  in  each  set)  and 
the  motor  connected  to  the  lines  giving  the  ffecjuency  and  sjjeed 
desired.  For  normal  losses  in  the  iron  the  voltage  must  vary 
with  the  frec^uency.     Thus  for  full  and  half  speed  we  have  : 

Full  speed,  50  horse  povrer  ...............         100  88  5 

Hftlfspatrd,  25  Iiorse- power .,.  00  87  ^.8 

14-  Generators  have  been  built  having  two  stationary  arma- 
tures in  the  same  frame  and  two  revolving  fiehk,  with  a  differ- 
ent number  of  poles  on  the  same  shaft  to  give  the  multiple  fre- 
quency desired.  An  application  of  this  principle,  which  is  very 
pretty  theoreticidl y,  is  that  of  a  very  small  variuljle  speed  induc- 
tion motor  (whose  losses  are  negligible)  which  drives  a  com- 
mutator feeding  the  primary  of  the  load  machine;  by  a  suitable 
control  of  the  little  motor  any  desireil  frequency  uiay  bo  supplied 
to  the  load  machine  from  zero  to  full  value,  thus  it  may  be 
started  and  run  at  any  desii^l  Bi>eed.  A  variation  of  this  is  to 
attach  the  commutator  to  the  sliaft  of  the  load  machine  and  the 
brushes  to  the  shaft  of  the  controlling  motor,  thus  when  the 
load  machine  is  standing  still  the  brushes  revolve  at  almost  full 
speed  on  the  comiimtator,  and  a  very  low  frequency  is  obtained 
in  the  commutatetl  circuit.  As  the  load  machine  siH^eils  up,  the 
difference  in  the  speeds  of  the  commuUitor  and  the  brushes  de- 
creases, and  hence  the  frequency  increases  until  that  time  when 
the  commutator  and  brushes  are  revolving  together  at  the  s;ime 
speed  when  there  is  no  commutation  and  the  load  machine 
receives  full  frequency. 

Summary. 

15,  From  these  descriptions  it  will  be  seen  that  the  change- 
able pole  and  variable  frequency  methods  are  the  most  efficientt 
but  do  not  jiennit  of  a  variation  through  a  wide  range  of  sj>eed. 
The  rheostatic  control  is  the  simjdest  and  easiest  of  control^ 
giving  a  range  from  standstill  to  full  speed,  but  is  not  as  ctHcient 
as  the  first  two,  altiiough  more  efficient  than  potential  control. 
The  last  men tioneii  has  the  iHsad vantages  of  low  efficiency  and 
considerably  increaseil  heating  in  the  mobir  itself*  and  is  also 
un&table  at  low  speeds^  say  below  one- third  sj>eed.     That  is. 
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a  small  variation  in  torque  or  a  smaller  variation  in  voltage  will 
cause  a  considerable  variation  in  speed. 

16.  The  potential  control  is  used  where  moderate  variations 
in  speed  are  wanted,  not  reaching  to  less  than  half  speed  for  in- 
stance, and  where  the  load  is  intermittent,  not  giving  the  motor 
a  chance  to  get  too  hot.  Its  great  disadvantage  is  the  amount 
of  current  it  takes  at  starting,  which  causes  considerable  disturb- 
ance in  the  supply  circuit,  flickering  of  lights,  etc.,  due  to  the 
drop  in  voltage.  The  motor  used  is  a  cheaper  one  to  build  (for 
the  same  size)  than  the  others,  but  if  anything  like  continuous 
running  is  desired,  the  motor  must  be  larger,  thus  much  of  this 
advantage  is  lost. 

17.  One  advantage  of  this  motor  is  that  it  may  be  totally  en- 
closed for  use  in  powder  mills,  oil  refineries  or  where  much  dust 
or  corrosive  vapor  is  encountered,  as  it  may  be  controlled  from 
a  distance  witliout  increasing  the  number  of  wires. 

18.  The  rheostatic  method  is  particularly  adapted  where  fre- 
quent  starting  and  low  speeds  are  required,  as  it  causes  no  un- 
usual drain  on  the  supply  system  when  starting.  Thus  it  is  used 
for  hoists,  elevators,  etc. 

The  changeable  pole  system  has  the  same  disadvantages  in 
starting  as  the  potential  control.  For  long-continued  running 
at  only  two  diflerent  speeds  it  is  excellent,  and  has  constants 
comparable  witli  those  of  a  continuous  current  motor. 

19.  To  vary  the  frequency  of  alternation  for  the  motor  re- 
quires an  increased  investment  in  generating  station  or  auxiliary 
apparatus  and  line  copper,  and  the  greater  the  number  of  speeds 
desired,  the  greater  this  complication;  but  in  its  action  and 
economy  it  is  equal  to  any. 

One  point  which  is  important  to  bring  out  is  that  with  the 
cliangeablo  ])ole  and  changeable  frequency  systems  the  motor  will 
not  vary  appreciably  from  the  set  speed  for  changes  of  load,  while 
with  eitlier  potential  or  rheostatic  control,  a  change  of  load  will 
cause  an  appreciable  variation  from  the  desired  speed,  requiring 
a  readjustment  of  the  potential  or  resistance  to  bring  the  speed 
to  the  desired  value  again. 

DISCUSSION. 

Mr.  (rconje  W.  Colics. — Tlie  interesting  summary  here  pre- 
sented of  the  difFerent  attcni]>te(l  solutions  of  the  variable-speed 
induction-motor  problem  serves  to  emphasize  the  fact  that  the 
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problem  has  not  yet  been  solved.  Practically,  then,  the  ^^  gen- 
eral impression"  (to  use  the  author's  words)  *'that  a  variable 
speed  cannot  be  obtained  with  an  alternating  current  motor  "  is 
in  the  main  correct. 

It  seems  to  me  that  the  author  does  not  place  before  us,  as  he 
should  before  a  mechanical  rather  than  electrical  Society  like 
ours,  the  bearing  and  significance  of  the  problem  in  hand,  but 
plunges,  so  to  speak,  ''  in  medias  res  "  or  in  plain  United  States, 
has  given  us  a  magnified  view  of  the  center  of  the  picture  with 
no  perspective  of  the  whole.  At  the  risk  of  repeating  what 
everybody  knows,  I  venture  to  supply  in  a  few  wonls  this 
omission. 

Ten  years  ago  there  was  no  demand  for  an  alternating-current 
motor.  At  that  time  all  our  electric  ])ower  work  was  perfonned 
from  and  on  direct-current  circuits.  Not  that  the  utility  of 
such  a  motor  was  not  recognized — as  it  certainly  had  been  long 
before  even  direct-current  motors  came  into  use — but  simply 
that  it  had  not  been  invented.  The  s3^nchronous  alternating 
motor,  which  is  an  tdterna ting-current  generator  turned  around, 
was  and  is  *'  out  of  it,"  for  it  requires  a  commutator  or  exciter 
even  when  it  can  be  made  self-starting,  which  normally  it  is  not. 

About  that  time  the  induction -motor  with  sqnirrel-cage  arma- 
ture was  invented  by  von  Dolivo-Dobrowolsky  in  Germany. 
But  this  itself  was  a  product  of,  and  depended  for  its  existence 
on,  the  polyphase  system  of  transmission,  first  patented  by  Tesla 
in  1888,  and  which  we  owe,  commercially  speaking,  unquestion- 
ably to  him,  as  much  as  we  owe  the  telegraph  to  Morse.  The 
invention  of  this  system  stands  forth  as  the  grand  electrical 
invention  of  our  generation,  and  did  more  to  develop  electricity 
as  a  means  of  ])ower-transniissi()n  than  anytliing  since  the  inven- 
tion of  the  dynamo.  What  this  UK^ans  will  he  evident  when  we 
consider  that  without  it  our  enormous  schemes  for  power-devel- 
opment and  long-distance  transmission  would  have  no  existence. 

The  solo  reason  for  this  is  that  the  ])olyphase  current  is  a  kind 
of  link  between  tlie  direct  and  alternating  currents,  partaking  of 
the  characteristics  and  having  the  principal  advantages  of  both. 
For  lighting  the  alternating  current  is  perfectly  satisfact(jry, 
hence  almost  the  soh^  advantag<^  of  ])()lyphase  current  as  com- 
pared with  th(^  alternating"  is  that  it  ])rovides  for  power-trans- 
mission. The  i)olyplias('  currcMit  finds  its  /v^/,v^>//  7V//v,  then,  in 
the  polyphase  motor — [)ractically  the  induction-motor,  as  that 
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is  the  only  one  in  extensive  use;  and  conversely,  the- induction- 
motor  finds  its  excuse  for  existence  in  the  polyphase  current. 

It  need  scarcely  be  said  that  the  great  advantage  of  the  alter- 
nating current  lies  in  the  economy  it  offers  for  long-distance 
transmission,  by  reason  of  its  ready  transformability  in  line- 
tension  by  stationary,  cheap  and  highly  economical  apparatus. 
As  long,  therefore,  as  no  long-distance  transmission  question  is 
present,  there  is  no  question  about  motors,  for  in  point  of  flexi- 
bility and  economy  the  direct-current  motor  leaves  hardly  any- 
thing to  be  desired. 

The  direct-current  motor  has,  however,  one  important  and 
a])parently  insuperable  defect,  the  commutator,  which  adds  much 
to  the  expense  and  renders  the  motor  liable  to  injury.  The 
induction-motor  has  the  great  merit  and  advantage  of  having  no 
commutator,  and,  in  its  simple  form,  no  exposed  conductors  or 
sliding  connections  at  all. 

As  the  alternating  or  polyphase  (virtually  a  compound  alter- 
nating) current  is  evidently  with  us  to  stay,  and  increasingly  so, 
the  need  for  an  induction-motor  to  replace  the  direct-current 
motor  for  all  purposes  becomes  increasingly  urgent.  The  use  of 
direct-current  motors  on  a  polyphase  system  through  the  inter- 
mediary of  rotary  transformers  and  the  like  can  never  be  re- 
garded as  anything  but  an  awkward  makeshift,  because  neces- 
sarily it  involves  the  use  of  tico  motors,  each  of  full  capacity,  to 
do  the  work  of  one,  togetlier  with  all  that  that  implies,  double 
cost*  double  attendance,  double  re[)airs,  double  transmission- 
losses.  And  the  smaller  the  proportion  of  direct-current  motors, 
the  more  awkward  does  it  become. 

As  an  instance  of  this,  I  may  mention  that  the  Montreal  Heat, 
Light  and  Power  Company  has  recently  given  its  customers 
notice  that  no  more  contracts  for  direct-current  motors  would  be 
renewed,  so  it  is  a  mattcT  of  very  serious  concern  to  Montreal 
power  users  to  get  along  witli  direct-current  motors  in  future. 
Thu  power,  whicli  is  supplied  entirely  from  outside  water-power, 
will  henceforward  he  obtainable  only  as  polyphase  current. 

The  main  reason  why  it  is  so  hard  to  dispense  with  direct- 
current  motors  is  l)ocaiise  the  ordinary  inductor-motor  cannot 
be  run  at  variable  speed.  AVhere  only  a  fixed  speed  is  required, 
as  for  running:  a  line-sliaft,  of  course  this  is  no  disadvantage  but 
rather  an  advantage,  but  for  numerous  purposes  the  machine  to 
be  run  iiuif<t  be  capable  of  different  speeds,  and  a  motor  which 


ALTERNATING    CUEBENT  MOTORS   FOB   VAItlAELE   SPJ^ED. 


1045 


runs  at  different  speeds  nnnstj  of  course j  do  so  at  reasonable 
efficiency. 

Of  the  four  possible  methods  given  by  the  author,  the  first  in 
nndoiilitedly  the  simplest,  as  here  it  is  merely  necessary  to  insert 
a  compensator  in  circuit  with  the  motor.  This^  however,  is 
decidetily  unsatisfactory^  as,  owning  to  the  necessity  of  having 
a  high -resistance  secondary,  even  the  full-speed  efficiency  of  tlie 
motor  is  krgely  red  need,  while  at  quarter-speed  it  is  but  17  per 
cent-j  and  even  at  half-sj>eed  only  37  per  cent,,  while  at  the 
same  time  the  heating  of  the  motor  due  to  all  this  waste  of 
energy  is  something  frightful,  and  practically  prohibits  its  nse 
at  those  speeds.*  Hence  this  is  a  very  imperfectj  liesides  un- 
satisfactorv»  solution  of  the  problonu 

All  the  other  solutions  given  may  be  lalieled  at  once  too  eom- 
jdicated,  Not  that  they  are  so  for  use  as  makeshifts,  for  smne 
solution  must  be  adopted,  but  they  cannot  be  regarded  as  other 
than  makeshifts.  The  resistance*in*secondary  methcjd  is  the 
only  one  that  has  been  used  to  any  extent.  This  completely 
nullifies  the  meritorious  natural  features  of  the  motor,  whose 
complete  freedom  from  ex]iosed  contacts,  coinniutator  and  slip- 
rings,  and  simple  sijuirrel-cnge  maile  it  much  simpler,  and  there- 
fore cheaper,  than  the  direct-current  motor;  and  it  now  becomes 
considerably  more  ex{^nsive  and  delicate,  and  considerably  less 
efficient*  The  efficiency  is  now  but  65  per  cent,  at  f  load,  43 
per  cent*  at  J  load,  and  only  22  per  cent,  at  ^  load*  This 
methoil  is  also  of  extremely  limited  application  and  unsatisfac- 
tory from  every  poinf  of  view* 

The  [Xile-changing  method  is  still  more  complicated  in  practi- 
cal development  and  still  more  limited  in  application,  as  here 
we  have  only  two  or  three  fixed  speeds  with  no  variation. 

The  complication  of  the  frequency -changing  plan  may  be 
obvious  when  we  consider  that  for  every  variation  of  speed,  or 
rather  every  different  speed,  we  require  i/iree^  or  at  least  fwtf^ 
more  line- wires  and  another  set  of  generators  at  the  station. 
Consider  that  three  or  four  line* wires  for  one  speed  are  already 
Ltoo  many,  and  then  think  of  adding  say  six  more  line*Avires  to 
rtrbat,  all  to  obtain  two  more  sjKseds! 


*  The  rapid  decrpa^  in  efficiency  and  aecompanyiBg  heating  with  decrease  of 

€tpt*(*d  is  due  primarily  to  the  large  iiicR>aae  in  the  iCNcalled  wattless  current, 
which  b  a  necessary  consequence  of  the  reactance  brought  in  witb  the  eompt^n- 
fiator,  and  inseparable  the  re  from. 
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The  other,  or  "theoretical"  proj)osed  variation  of  this  idea, 
is  indeed  theoretically  almost  perfect;  but  unfortunately  in- 
volves the  two  mountainous  practical  difficulties  of  an  auxiliary 
motor  and  rotating-hrushes  (including,  of  course,  a  commutator), 
either  of  which  is  prohibitory. 

Unquestionably  the  frequency-changing  solution  is  the  solu- 
tion par  excelUnce^  could  we  but  reach  it;  it  is  the  frequency 
that  fixes  the  speed  of  the  motor,  hence  the  frequency  that 
stands  in  the  way  of  changing  it.    But  how  change  the  frequency  f 

It  is  just  here  that  the  art  sticks,  and  it  ig  safe  to  predict  that 
the  man  who  invents  a  method  for  universal  frequency-transfor- 
mation without  introducing  more  difficulties  than  those  he  obvi- 
ates, will  have  a  fortune  at  his  command.  There  seems  abso- 
lutely no  outlook  in  this  direction,  as  I  have  pointed  out  in 
another  place.* 

Induction-motors  are  much  more  largely  used  in  Europe  than 
America,  for  the  reason  that  they  are  ahead  of  us  in  polyphase- 
current  development;  many  of  their  railways  are  equipped  with 
it.  For  railway  work  the  second,  or  rheostat  method  of  speed 
variation  is,  I  believe,  in  most  general  use.  Its  great  objections 
in  work  like  railways  and  elevators,  where  frequent  starting 
and  stopping  under  heavy  load  is  required,  are  still  further  mag- 
nified, and  the  average  efficiency  of  tlie  motor  reduced  to  a  very 
low  figure  indeed. 

Practically,  the  solution  adopted  in  this  country,  is  ordinarily 
to  introduce  variable-speed  gearing  between  the  motor  and  the 
driven  machine,  while  the  motor  itself  remains  at  fixed  speed. 
This,  while  in  fact  no  solution  at  all,  but  a  ''dodge,"  is  prob- 
ably the  most  satisfactory  mode  of  settling  the  matter,  where  it 
is  applicable — wliich  it  is  not  in  all  cases — so  long  as  we  can 
have  nothing  better,  and  the  fact  that  this  circumvention  is 
adopted  in  preference  to  any  of  the  profl^ered  ''  solutions,"  shows 
that  the  latter  are  not  what  they  claim  to  be. 

This  (juestion  of  finding  a  variable-speed  motor  to  run  on  • 
polyphase  circuits  is  no  academic  (luestion,  but  one  which  the  me- 
chanical engineer  will  have  to  face,  and  the  electrical  engineer 
will  have  to  solve,  in  the  near  future.     At  the  present  rate  of 
development,  it  is  clear  that  within  a  few  years  more  our  rail- 

*  *'  Froquoncy-transforniation,"  Jour.  Frank.  Inst.,  July,  1901  (in  art.  Rotary 
Transformers). 
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ways  and  elevators  will  all  be  run  on  polyphase  or  alternating 
circuits,  and  some  substitute  for  the  direct-current  motor  must 
necessarily  be  found.  As  moreover  the  mechanical  engineer  is 
obliged  with  each  year  to  lean  more  and  more  on  the  electric 
current,  and  that  current  a  polyphase  current,  the  question  of 
motors  is  one  in  which  he  needs  to  feel  more  than  a  languid 
interest. 

Mr.  Slichter.* — As  stated  in  the  first  paragraph  of  the  pajwr, 
no  claim  was  made  that  any  of  the  methods  described  for  con- 
trolling the  speed  of  an  alternating-current  motor  were  equal  in 
economy  to  the  employment  of  a  direct-current  motor.  It  must 
be  acknowledged  that  speed  control  is  the  weak  feature  of  the 
altemating-curi'ent  motor  as  constructed  at  present.  Tiiough  it 
is  probable  that  a  variable-speed  alternating-current  motor  will  be 
developed  in  time,  at  present  we  are  confronted  with  the  dilemma 
that  alternating-current  systems  are  increasing  in  application 
very  rapidly  and  variable  speed  of  such  motors  can  only  be  ob- 
tained by  the  methods  described.  The  question  for  the  mechani- 
cal engineer  is,  therefoi*e,  which  of  the  available  methods  will 
best  suit  my  conditions. 

Perhaps  it  would  make  the  subject  clearer  to  give  the  analo- 
gous methods  of  controlling  the  direct-current  motor  in  each 
case. 

The  most  used  and  best  direct-current  system  of  control  is  the 
multi-voltage  system.  In  this  there  are  as  many  economical 
running  si)eeds  as  there  are  voltages.  This  corres|)onds  either 
to  the  variable-frecjuoncy  or  changeable-pole  control  of  the 
alternating-current.  By  having  two  generators  and  five  wires, 
two  economical  speeds  may  be  obtained,  by  constructing  the 
motors  with  changeable  }K)les  two  (or  even  thnx*")  other  sixiods 
may  be  obtaine<l,  making  four  or  six  speeds  with  only  a  slight 
change  in  the  efficiency. 

If  now  it  is  desired  to  obtain  still  further  variations  from 
these  set  speeds,  we  would  manipulate  the  shunt  fic^ld  of  a  direct- 
current  motor.  This  would  impair  the  efficiency  somewhat,  as 
with  a  weaker  field  the;  armature  would  recjuire  more  current 
for  a  given  tor(|ue,  thus  increased  co])])er  loss. 

In  the  alternatinti^-current  motor  we  would  now  change  the 
impressed  voltag(i  on  the  motor,  and  since  only  a  sliglit  change 


♦  Author's  Closure,  undrr  the  Ruh's. 
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in  speed  (varying  between  the  two  set  speeds)  is  required,  the 
resistance  of  the  secondary  need  not  be  so  great  and  prohibitive 
as  in  the  case  given  in  the  table,  thus  the  efficiency  would  not 
be  much  reduced  below  the  value  a  direct-current  motor  would 
give.  For  the  alternating-current  motor  to  begin  with  has  not 
the  disadvantage  of  a  commutator  and  the  losses  appertaining 
thereto. 

If  a  still  greater  range  of  speed  were  desired,  we  would  insert 
a  resistance  in  series  with  the  armature  of  the  direct-current 
motor.  Similarly  in  the  alternating-current  motor  we  would 
connect  a  resistance  in  the  secondary  circuit.  The  effect  on  the 
efficiency  would  be  exactly  the  same  with  both  the  alternating- 
current  and  direct-current.  The  alternating-current  motor 
would  have  the  practical  advantage,  in  that  the  circuit  of  this 
rheostat  is  entirely  independent  from  the  primary,  and  there  is 
no  danger  from  a  ground,  while  in  the  direct-current  the  rheo- 
stat becomes  part  of  the  main  line,  and  must  be  as  carefully 
insulated  as  any  part  of  that  circuit. 

Thus  there  is  considerable  similarity  between  the  two  motors, 
and  not  so  very  great  a  difference  in  the  economy  of  similar 
methods.  But  a  great  difference  may  be  made  by  choosing  a 
method  api)ropriate  to  the  service  required.  Thus  in  the  above 
combination,  four  sets  of  speeds  are  obtained,  with  gradations 
of  from  10  to  20  per  cent,  above  and  below  these  set  speeds  and 
an  efficiency  varying  between  YO  as  a  minimum  and  86  as  a 
maximum. 

There  are  two  minor  statements  made  by  Mr.  CoUes  with 
which  I  wish  to  take  issue.  The  first  is  that  the  decrease  of 
efficiency  and  increase  of  heating  of  the  alternating-current 
motor  has  anything  to  do  with  the  compensator.  These  effects 
are  peculiar  to  the  motor  proper,  and  result  from  the  action  of 
operating  the  motor  at  a  large  overload,  which  has  the  effect  of 
causing  it  to  give  out  its  full  load  torque  at  a  reduced  voltage. 
For  a  <i:iven  impressed  voltage  the  motor  has  a  well  defined 
range  of  load,  and  if  at  any  voltage,  compensator  or  not,  the 
motor  be  loaded  above  this  range,  large,  wattles  currents  will 
flow  and  the  motor  will  become  unduly  heated. 

The  other  point  is  that  the  development  of  the  poly])hase-cur- 
rent  in  Kuro])e  is  further  advanced  than  in  America.  This  im- 
pression is  caused  by  the  fact  that  due  to  the  smaller  scale  on 
which  most  things  are  undertaken  there,  the  complications  of 
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polyphase  work,  such  as  railroading,  are  not  prohibitive  as  they 
would  be  here. 

American  engineers  would  not  equip  a  railroad,  having  any 
considerable  traffic,  with  the  cumbersome  overhead  construction 
and  complicated  controlling  apparatus  which  are  necessary  to 
obtain  the  minute  speed  and  torque  variations  required  for  rail- 
way work,  but  are  working  towards  the  development  of  a  motor 
which  will  require  only  one  circuit,  and  will  have  the  variable- 
speed  characteristics  of  the  direct-current-series  motor. 
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(Jonior  Member  of  the  Society.) 

1.  The  objects  of  gas  engine  tests  vary  all  the  way  from  the 
simple  determination  of  the  brake  horse-power  developed,  to  the 
more  extensive  problems  involving  the  distribution  of  the  heat 
supplied  in  the  form  of  fuel,  and  the  determination  of  the  tem- 
peratures at  various  points  throughout  the  cycle. 

Experimenters  who  have  taken  up  this  line  of  work,  seem  to 
have  recognized  some  difficulties  in  the  way  of  making  a  really 
satisfactory  test  of  the  latter  sort,  and  most  tests  which  are  on 
record  have  their  results  based  on  some  assumptions;  the  results 
then  can  only  be  accurate  to  a  measure  depending  on  the  accu- 
racy of  the  assumption. 

The  difficulties  referred  to  are  encountered  when  it  is  attempted 
to  obtain  accurately  the  weight  of  air,  weight  of  gas  and  the 
temperature  of  the  exhaust  gas  at  atmospheric  pressure. 

2.  The  usual  method  is  to  measure  the  air  and  gas  through 
meters  of  suitable  size,  a  specially  large  one  being  required  to 
handle  the  quantity  of  air  required  by  the  engine.  When  these 
meters  are  available  we  are  still  confronted  with  their  inherent 
defects;  they  must  first  be  carefully  calibrated  under  given  con- 

*  Presented  at  the  Saratoga  meeting  (Juiie,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Tram- 
actions. 

f  For  further  discussions  on  this  topic  consult  Iransactions  as  follows  : 
No.  843,   vol.   xxi.,   p.   398:  "Test  of  125  Horse-power  Gas  Engine."    C.  H. 

Robertson. 
No.  875,  vol.  xxii.,  p.  152:  "Efficiency  of  Gas  Engines  as  Modified  by  Point  of 

Ignition."     C.  V.  Kerr. 
No.  895,  vol.  xxii.,  p.  612  :  "  Efficiency  Tests  of  a  125  Horse-power  Gas  Engine." 

C.  11.  Robertson. 
No.  949,  vol.  xxiii.,  p.  686:  '*  Temperature  of  Exhaust  Gases."    R.  H.  Fernald. 
No.  950,  vol.  xxiii.,  p.  704:  **  Woriiing  Details  of  Gas  Engine  Tests."    R.  II. 

Fernald. 
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ditions,  and  this  is  usually  done  by  comparing  them  with  an- 
other *^ Standard"  meter,  which  is  supposed  to  be  correct. 
When  used  in  the  test,  the  conditions  must  be  the  same  as  dur- 
ing the  calibration,  or  the  results  cannot  be  relied  upon,  and  the 
irregular  flow  which  must  be  produced  by  the  action  of  the  en- 
gine is  not  conducive  to  accuracy,  even  though  elastic  bags  are 
placed  between  the  engine  and  the  meter. 

3.  There  are  tests,  however,  in  which  gas  meters  may  be  used 
to  give  results  in  a  satisfactory  way  :  First,  commercial  tests  in 
which  it  is  desired  to  ascertain  the  gas  consumption  per  horse- 
power per  hour,  in  order  to  obtain  the  expense  of  operating  the  en- 
gine. In  this  case  the  gas  will  subsequently  be  paid  for  by  meter, 
and  the  consumption  by  meter  is  what  we  desire;  second,  in 
cases  where  other  means  are  not  available,  the  meter  can  of 
course  be  relied  upon  to  give  results  approximately. 

4.  The  temperature  of  the  exhaust  gas  has  been  referred  to  be- 
fore in  this  Society,  and  was  the  subject  of  a  paper  presented  by 
Mr.  R.  H.  Fernald  at  the  spring  meeting  last  year.  It  is,  I  think, 
recognized  that  the  pyrometer  method  is  not  accurate  because  of 
the  short  time  required  for  the  gas  to  pass  over  the  instrument, 
and  the  comparatively  long  time  between  these  passages.  The 
method  proposed  by  Mr.  Fernald,  although  ingenious,  would 
not,  I  think,  give  the  actual  temperature  of  the  exhaust,  but 
might  be  used  as  the  basis  of  a  calculation  leading  to  an  approxi- 
mate value  for  this  temperature. 

5.  While  engaged  in  the  Mechanical  Engineering  Laboratory  of 
the  University  of  Illinois,  the  writer  was  interested  in  conduct- 
ing some  tests  on  a  10  horse-power  Otto  gas  engine,  the  object 
being  to  detennine  the  distribution  of  the  heat  supplied  by  the 
fuel  and  the  temperature  at  various  points  in  the  cycle. 

These  tests  involved  the  measurements  before  referred  to,  and 
led  to  the  adoption  of  some  methods  for  obtaining  these  quanti- 
ties different  from  those  ordinarily  used,  and  which  seemed  to 
give  very  much  more  accurate  results. 

.The  object  of  this  paper  is  to  describe  the  methods  and  appar- 
atus used,  and  to  submit  the  results  of  the  tests. 

The  data  on  which  the  results  were  based  were  as  follows : 
Indicated  horse-power;  brake  horse-power;  weight  of  air; 
weight  of  fuel;  heat  rejected  to  exhaust;  heat  absorbed  by 
jacket;  total  revolutions;  total  explosions;  analysis  of  fuel; 
analysis  of  burned  gas;  engine  constants;  duration  of  test. 
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Indicated  Horse-Power. 

6.  Two  Crosby  indicators  were  used,  connection  with  the  cylin- 
der being  made  by  a  ^-inch  tee  and  a  nipple  tapped  into  the  cover 
of  the  exhaust  valve  chamber.  One  was  a  special  gas  engine  indi- 
cator with  a  piston  J  of  a  square  inch  area,  in  which  a  240-pound 


SAMPLE  INDICATOR  DIAGRAMS. 

Fia.  185. 


spring  was  used.  The  other  was  a  steam  engine  indicator  with 
a  piston  ^  of  a  square  inch  area,  in  which  a  60-pouud  spring  was 
used.  This  indicator  also  had  a  brass  collar  on  tlie  piston  rod, 
to  act  as  a  stop  when  the  pressure  rose  to  100  pounds.  Thus  two 
diagrams  were  obtained,  one  of  which  represented  the  entire 
cycle  to  a  scale  of  1  inch,  equal  to  240  pounds  pressure,  and  the 
other,  pressures  from  release  through  exhaust,  suction,  and  com- 
pression to  ignition  on  a  scale  of  1  inch,  equal  to  60  pounds 
pressure. 
Fig.  1S5  shows  sample  indicator  diagrams  from  each  indicator. 
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Metallic  surface  cards  and  brass  points  were  used  on  the  indi- 
cators, and  the  springs  were  calibrated  with  steam  pressure.  A 
piece  of  wet  cotton  waste  was  kept  lying  on  and  around  the 
cylinders,  and  the  pistons  were  oiled  after  two  or  three  diagrams. 

To  obtain  the  mean  eflfective  pressure  from  the  indicator 
diagrams  to  be  used  in  computing  the  indicated  horse-power,  the 
mean  eflfective  pressure  of  the  lower  loop  of  the  low  pressure 
diagram  was  subtracted  from  the  mean  effective  pressure  of  the 
main  or  upper  loop  of  the  high  pressure  diagram,  the  difference 
being  taken  as  the  net  mean  effective  pressure. 

Brake  Horse-Power, 

Y.  The  power  of  the  engine  was  absorbed  by  means  of  a  Prony 
brake,  a  slightly  improved  form  of  which  is  shown  in  Fig.  18G. 

A  cast-iron  water-cooled  brake-wheel  24  inches  in  diameter 
and  about  4^  inches  wide  was  made  to  bolt  to  the  fly-wheel  in 
place  of  the  driving  pulley. 

The  brake-shoes  were  of  soft  wood  (poplar  in  this  case),  backed 
by  1-inch  maple  pieces.  The  arm  is  built  up  of  f-inch  pipe  and 
fittings,  and  fastened  to  the  brake-shoes  by  floor  flanges.  The 
lower  shoe  is  connected  rigidly  to  the  brake-arm,  and  the  upper 
shoe  is  connected  by  means  of  a  right  and  left  nipple,  whicli  is 
a  loose  fit  in  both  the  tee  and  the  floor  flange,  so  that  it  may  be 
adjusted  with  the  fingers.  A  bolt  through  the  vertical  pipe  con- 
nected all  rigidly  together  when  in  place.  The  object  of  the 
right  and  left  nipple  is  to  allow  for  wear  on  the  shoes,  and  per- 
mit the  brake  to  be  easily  removed  from  the  wheel.  When  in 
use  the  load  adjustment  is  made  entirely  with  the  hand  wheel  at 
the  left. 

The  counterweight,  though  not  a  necessary  part  of  the  brake, 
is  useful  because  the  pressure  as  read  from  the  scale  is  net,  no 
correction  being  required  for  the  weight  of  the  arm. 

The  shoes  are  built  up  of  material  ^  and  ^-inch  thick,  alternat- 
ing; the  i-inch  strips  form  the  bearing  surface,  the  i-inch  strips 
being  cut  away  for  about  ^  inch  from  the  whool.  The  stri])s  arc 
also  slightly  inclined  across  the  face  of  the  shoo,  so  that  the  bear- 
ing is  not  continuous  across  its  width,  but  is  a  series  of  bands 
slightly  slanted,  tlie  object  of  this  arrangement  bein^  to  insure* 
smooth  and  even  lubrication. 

In  operation  the  brake  maintains  a  steady  and  uniform  load 
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with  scarcely  any  attention,  is  capable  of  absorbing  much  more 
power  than  that  for  which  it  was  designed — 10  horse-power  at 
300  revolutions  per  minute — ^and  has  obviated  many  of  the 
troubles  present  with  some  other  forms  of  brakes. 

Weight  of  Air. 

8.  For  measuring  the  amount  of  air  supplied  to  the  engine  a 
storage  tank  T  oi  about  90  cubic  feet  capacity  was  filled  with  air 
compressed  to  100  pounds  gauge  pressure.  This  air  was  passed 
through  an  expansion  or  reducing  valve  to  a  low-pressure  reser- 
voir R  of  about  10  cubic  feet  capacity,  in  which  a  pressure  was 
maintained  of  about  1  inch  of  water,  from  this  reservoir  the 
engine  drew  its  supply  during  a  test. 

The  pressure  and  temperatures  in  the  tank  T  were  read  before 
and  after  a  test,  and  the  weight  calculated  from  the  formula 
P.  V.  =  m  R  T.^  in  which — P  is  the. pressure  in  pounds  per 
square  foot;  Fis  the  volume  of  the  tank  in  cubic  feet;  m  is  the 
weight  of  air  in  pounds;  ^  is  a  constant  for  the  gas  =  53.85, 
and  jTis  the  temperature  of  the  gas  in  Fahr.  degrees  measured 
from  absolute  zero. 

The  difference  in  the  weights  before  and  after  the  test  repre- 
SjBnts  the  amount  of  air  consumed. 

Two  pressure  gauges  were  connected  to  the  tank  T,  one  a 
high-pressure  gauge  for  the  start,  the  other,  a  low-pressure 
gauge,  for  the  finish.  The  latter  was  used  in  order  to  get  a 
more  exact  determination  of  the  pressure  at  the  stop  than  could 
be  had  with  a  high-pressure  gauge. 

The  temperatures  were  obtained  by  five  therinonieters  inserted 
in  thermometer  cups  at  various  heights  on  tlio  tank.  Thc^se 
thermometer  cups  were  of  thin  copper  tubing,  and  the  length 
(about  two  feet)  such  that  the  bulb  of  the  theniiunicter  was  in 
the  middle  of  the  tank.  The  readings  of  the  tlieiMnonieters  were 
averaged,  and  tlie  true  temperature  of  tli(?i  jiir  ascertained. 

9.  The  arrangement  of  the  low-pressure  tank  is  shown  in  Fig. 
187.  The  pipe  leading  from  the  high-pressure  tank  is  at  tlie  left, 
also  the  expansion  or  reducing  valve  and  the  manometer.  This 
reducing  valve  was  operated  by  liand,  although  sonu^  automatic 
device  might  be  used,  and  one  was  tried  in  these  tests,  but  did 
not  give  results  as  satisfactory  as  when  a  man  was  assigned  to 
this  duty. 
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At  the  right  are  two  quick-opening  valves  A  and  B^  through 
one  of  which  the  air  must  pass  in  going  to  the  engine.  With  B 
open  and  A  closed,  the  engine  will  draw  air  from  the  atmos- 
phere, while  with  A  open  and  B  closed,  the  supply  will  bo 
drawn  from  the  tank. 

In  starting  a  test  the  air  is  compressed  in  the  storage  tank  and 
its  temperature  and  pressure  read.     At  this  time  the  engine  is 


DEVICE  FOR  SUPPLYING  ENGINE  WITH  WEIGHED  AIR. 
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Fig.  187. 

running  under  the  same  conditions  as  will  exist  during  the  test. 
At  a  given  signal  the  one  who  operates  the  reducing  valve  allows 
a  slight  pressure  to  accumulate  in  the  low-pressure  tank,  while 
anotlier  person  closes  B  and  opens  J.,  simultaneously,  so  that 
the  engine  continues  its  work  without  interruption,  but  now 
drawing  its  air  supply  from  the  weiglied  amount.  This  signal 
is  the  start  of  the  test.  A  thermometer  in  the  intake  pipe  at  G 
gives  the  temperature  of  the  ingoing  air. 


Wdyht  of  Fuel, 

1 0.  The  engine  was  fitted  to  use  either  gas  or  gasoline,  and  as  the 
kind  of  fuel  did  not  enter  into  the  problem,  the  latter  was  chosen 
because  it  was  in  a  form  to  be  more  accurately  weighed  or  meas- 
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ured,  and  a  more  unifonn  quality  could  be  insured  for  any  given 
set  of  tests. 

Common  stove  gasoline  was  used,  and  a  sufficient  amount  set 
by  to  supply  the  engine  throughout  the  tests.  A  sample  was 
analyzed  and  its  calorific  value  ascertained. 

The  apparatus  used  for  measuring  the  gasoline  is  shown  in 
Fig.  188.  It  consists  of  a  tube  for  holding  the  gasoline  from  which 
the  engine  supply  is  pumped  :  this  tube  is  made  of  a  piece  of 
2-inch  gas  pipe,  screwed  into  a  floor  flange,  and  plugged  at  the 
bottom ;  near  the  lower  end  there  are  two  openings  threaded  for 
i-inch  pipe.  Into  one  of  these  is  connected  the  pipe  which  leads 
to  the  pump,  and  into  the  other  is  screwed  a  gauge  glass  fitting 
such  as  is  used  on  boilers.  A  glass  gauge  indicates  the  height  of 
the  liquid  in  the  main  tube.  On  a  bench  beside  this  tube  is  a 
platform  scale,  on  which  rests  the  can  containing  the  gasoline, 
the  tap  in  the  bottom  of  the  can  opening  into  the  lower  tube. 
The  gasoline  is  protected  from  the  air  so  that  no  appreciable 
evaporation  may  take  place. 

When  it  is  about  time  for  starting  a  test,  the  tube  is  filled 
nearly  to  the  top  with  gasoline,  that  remaining  in  the  can  is 
weighed  and  the  amount  noted.  At  the  starting  signal,  the 
level  in  the  glass  gauge  is  located  by  a  cord  tied  around  the 
gauge.  As  the  test  proceeds,  the  suppl}^  is  replenished  as  neces- 
sary, and  toward  the  end  of  the  test  the  level  is  brought  to  the 
starting  point  and  kept  there  until  the  signal  to  stop  is  given, 
when  the  gasoline  is  shut  off  and  the  can  again  be  weighed.  The 
difference  in  weight  is  the  net  weight  of  gasoline  used. 

Heat  Rejected  to  ExJiaust. 

11.  A  Wheeler  surface  condenser  was  connected  to  the  exhaust 
pipe  of  the  engine,  the  same  as  it  would  be  connected  to  a  steam 
engine.  Thermometers  (Fig.  ISO)  were  placed  in  the  circulating 
water  pipes  so  that  the  temperature  could  be  read  before  and 
after  passin<i:  through  the  condenser  or  calorimeter,  and  the  cir- 
culating water  was  weighed.  The  exact  amount  of  heat  ab- 
stracted from  the  exhaust  gases  could  then  be  calculated. 

The  temperature  of  the  cooled  exhaust  gas  was  measured  as  it 
passed  away  from  the  calorimeter  by  a  low-range  thermometer, 
C.  As  the  gases  were  reduced  considerably  in  volume,  and  the 
velocity  through  the  exhaust  pipe  further  reduced  by  the  muffler 
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action  of  the  condenser,  the  temperature  as  indicated  by  this 
thermometer  was  probably  nearly  correct. 

Knowing,  then,  the  final  temperature  of  the  exhaust  gas,  the 
weight  of  gas  and  the  total  heat  abstracted,  we  may  calculate 
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EXHAUST  GAS  CALORIMETER. 
Fig.  189. 


the  temperature  which  must  have  existed  in  the  exhaust  gas  at 
atmospheric  pressure  before  the  heat  was  abstracted. 

The  Heat  Absorbed  by  tJie  Jacket. 

12.  The  heat  absorbed  by  the  water-jacket  was  measured  in  a 
manner  similar  to  that  of  finding  the  heat  rejected  in  the  ex- 
haust, by  weighing  tlie  water  and  observing  the  temperature 
before  and  after  passing  through  the  jacket. 


Duration  of  Test 

13.  The  length  of  test  is  determined  by  the  capacity  of  the  air 
storage  tank.  When  getting  ready  for  a  test,  the  pressure  in 
the  tank  is  raised  to  about  101  pounds,  and  the  valve  between 
the  tank  and  compressor  is  closed,  the  gauge  is  then  watched  by 
an  observer  until  it  shows  just  100  pounds;  this  decrease  in 
pressure  is  due  to  the  cooling  of  the  air  in  the  tank.  When  this 
pressure  is  observed,  he  gives  the  signal  to  start,  and  then  reads 
the  temperatures  in  the  tank. 

As  the  test  ])rocceds,  the  reduction  of  pressure  in  the  tank 
requires  the  observer  who  controls  the  n^ducino^  valve  to  open 
his  valve  wider  and  wider  to  keep  up  the  pressure  in  the  low- 
pressure  reservoir.     Thi^  continues  until  the  valve  is  wide  open 
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and  it  is  evident  that  the  air  supply  is  about  gone;  when  this 
occurs  he  gives  a  warning  signal  to  the  other  observers,  and 
watches  the  manometer  until  the  pressure  falls  to  atmospheric, 
then  gives  the  signal  to  stop. 

When  this  signal  is  given,  the  observer  at  the  storage  tank 
reads  the  pressure  and  temperature  as  before. 

The  capacity  of  the  storage  tank  provided  for  a  test  slightly 
over  twenty-two  minutes  long. 

Other  Data. 

14.  The  total  revolutions  and  total  explosions  were  determined 
by  means  of  continuous  counters  actuated  by  a  part  of  the  mechan- 
ism of  the  engine.  The  exhaust  gas  was  sampled  at  intervals 
throughout  the  test. 

Some  difficulty  was  at  first  experienced  in  obtaining  a  steady 
flow  of  wat^r  in  the  water-jacket  and  exhaust  calorimeter,  as 
the  supply  was  from  the  city  water  pipes,  and  any  valves  opened 
on  the  line  would  change  the  flow  at  the  engine  slightly.  This 
was  obviated  by  placing  a  tank  over  the  engine  having  a  pipe  in 
the  bottom  connected  to  the  jacket  and  calorimeter,  and  an  over- 
flow which  would  prevent  the  water  rising  above  a  definite  level. 
The  supply  from  the  city  water  was  piped  into  this  tank  and 
was  so  regulated  that  there  was  always  a  slight  overfiow  from 
the  waste  pipe  which  was  visible.  Thus  any  variations  in  the 
water  pipes  had  no  effect  on  the  supply  to  the  engine. 

Wherever  thermometers  were  used,  if  not  under  pressure,  the 
bulb  was  in  direct  contact  with  the  water  or  gas,  and  the  stem 


o«p.r,^c.  THERMOMETER    GUARD. 

Fig.  190. 


was  protected  by  a  shield  as  shown  in  Fig.  190.  These  shields 
were  made  of  f -inch  gas  pipe,  with  an  opening  milled  on  the  side. 
The  lower  end  was  threaded  to  standard  gas  pipe  size  on  the  out- 
side, and  the  inside  reamed  smooth  with  a  taper  reamer.  The 
joint  between  the  thermometer  and  the  pipe  was  made  with 
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a  piece  of  rubber  tubing.  They  were  easy  to  insert,  and  re- 
move, and  saved  much  of  the  annoyance  and  expense  due  to 
breakage. 

Data  from  Test, 

15.  From  one  of  the  several  tests  which  were  run  on  this  engine 
the  data  collected  were  as  follows  : 
Engine  cylinder,  bore  5f  inches,  stroke  12^  inches. 
Clearance,  107  cubic  inches. 
Duration  of  test,  22J  minutes. 
Brake  load,  30  pounds. 
Revolutions  per  minute  average,  299.6. 
Total  number  of  explosions,  3,332. 
Weight  of  gasoline  used,  2.43  pounds. 
Weight  of  jacket  water,  361  pounds. 
Rise  in  temperature  of  jacket  water,  47.4  degrees  Fahr. 
Weight  of  exhaust  cooling  water,  382  pounds. 
Rise  in  temperature  of  exhaust  cooling  water,  37  degrees  Fahr. 
Air  pressure  in  tank  at  start,  100  pounds  gauge. 
Air  temperature  in  tank  at  start,  96.8  degrees  Fahr. 
Air  pressure  in  tank  at  stop,  1  pound  gauge. 
Air  temperature  in  tank  at  stop,  78.8  degrees  Fahr. 
Volume  of  storage  tank,  89.6  cubic  feet. 
Temperature  of  air  entering  engine,  70  degrees  Fahr. 
Temperature  of  exhaust  gas  leaving  cooler,  102  degrees  Fahr. 
Scale  of  spring  in  power  indicator,  240  pounds. 
Scale  of  spring  in  pumping  indicator,  60  pounds. 

Analysis  of  gnf^oUne. 

Carbon 838 

Hydrogen 155 

Impurities 007 

1.000 

Heating  value  per  pound,  18,281  British  thermal  units. 
Density — 71  degrees  Baume. 

Analysis  of  burned  gas. 

CO, 0926 

O 0338 

H,  O 0751 

N 7985 

CO 0000 

1.0000 
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Results  of  Test, 

16.  The  results  of  one  of  these  tests  with  some  of  the  calculations 
have  already  been  published  in  the  American  Machinist  of  Juno 
26  and  July  10,  1902,  and  need  only  be  referred  to  here.  It 
may  be  convenient,  however,  to  add  the  principal  results  and 
the  computation  for  obtaining  the  temperature  of  the  exhaust 
gas  at  atmospheric  pressure,  as  the  latter  might  be  submitted  as 
a  satisfactory  way  of  ascertaining  a  temperature  which  is  gener- 
ally considered  as  desirable,  and  yet  for  which  no  convenient 
and  at  the  same  time  accurate  method  of  determination  has  been 
proposed. 

17.  The  results  are  embodied  in  a  heat  balance  which  follows, 
and  a  temperature  volume  curve.  Fig.  191 : 

Heat  Balance  for  Otto  Gasoline  Engine. 


2.4;)  lbs.  gasoline  at  18281  B.  T.  U 

9.988  Brake horae-power 

1 .  762  Friction  horse-i)ower 

361  lbs.  Jacket  water  at  47.4  deg.  Fahr. 
882  lbs.  exhaust  cooling 

water  at  37  deg.  Fabr.  =  14134 
Heat  remaining  in  exhaust 371 


Radiation  and  other  losses.. 


Dr. 


B.  T.  U. 
44423 


44423 


Or. 


B.  T.  U. 

8483 

16^3 

17111 


14505 

41762 
2661 

4442^^ 


Stated  in  percentages,  this  heat  balance  will  appear  as  follows: 
Heat  supplied,  100  per  cent. 

Brake  horse-power 19.1 

Friction  horse-power 3.7 

Jacket  water,.    38  5 

Exhaudt .* 83.7 

Radiation 6. 

lioo^o 

18.  Tht  thermal  efficiency  of  the  engine  will  be  the  sum  of  the 
first  and  second  entries,  or  the  heat  equivalent  of  the  indicated 
horse-power,  divided  by  the  total  heat  supplied  : 


19.1  +  3.7  =  22.8  per  cent,  thermal  efficiency. 
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Temfsbature  op  the  Exhaust  Gas  at  Atmosphbeic  Prkfsure. 

Total  weight  of  exbaust  gas  expelled 46.1  poands. 

Temperature  of  exhaust  gas  expelled 102  deg.  Falir. 

Total  heat  abstracted  bj  cooling  exhaust 14,134  B.  T.  U. 

Specific  heat  at  constant  pressure 2578 

Water  of  combustion,  liquified 8.89  pounds. 

The  last  item  was  determined  from  the  known  weight  of  hydro- 
gen contained  in  gasoline. 

If  now  the  process  of  cooling  the  exhaust  gas  be  reversed,  we 
must  necessarily  arrive  at  the  temperature  that  must  have  existed 
after  expansion  to  atmospheric  pressure. 

19.  Before  heating  the  gas,  the  water  of  combustion,  must  be 
heated  to  212  degrees  and  evaporated.     This  process  will  require 
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Fig.  191. 

ill  British  thermal  units  per  pound  to  heat,  965.7  British  thermal 
units  per  pound  to  evaporate,  and  therefore  the  heat  units  avail- 
able for  heating  the  body  of  the  gas  will  be 

14,135  -  3.39  (965.7  +  111)  =  10,484  B.  T.  U. 

As  the  total  weight  of  gas  is  45.1  pounds,  this  will  allow 

104M> 

-^^  =  282.5  B.  T.  U.  per  pound  of  gas. 

With  a  specific  heat  of  0.2573  this  amount  of  heat  will  pro- 


duce a  rise  of  temperature  of 


232.5 
0.2573 


=  904  degrees. 
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This  added  to  the  initial  temperature,  102  degrees  Fahr., 
equals  1,006  degrees  Fahr.  as  the  temperature  of  the  exhaust 
gas  at  atmospheric  pressure,  which  in  absolute  degrees  is  1,467. 

20.  Many  tests  have  been  run  on  this  engine  with  the  apparatus 
as  described,  which  seemed  to  give  data  more  accurate  than  could 
be  secured  by  the  usual  methods,  but  there  are  still  many  im- 
provements which  might  be  made  in  the  methods  to  secure  still 
greater  exactness.  The  apparatus,  if  it  were  necessary  to  collect 
it  for  a  single  test,  would  prove  rather  expensive  and  cumber- 
some, but  in  places  where  tests  of  this  character  are  performed, 
there  is  usuallly  sufficient  apparatus  which  can  be  adapted  to  the 
requirements,  and  this  was  so  in  the  present  case.  No  special 
outlay  was  required  outside  of  the  purchase  of  a  few  fittings  and 
the  expense  of  fitting  up. 

There  has  been  omitted  so  far  one  tactor  which  is  by  no  means 
the  least  important  in  a  test  of  this  kind.  One  has  only  to  at- 
tempt work  of  this  character  to  realize  his  dependence  on  the  ob- 
servers who  are  required  to  collect  the  data.  The  many  readings 
and  operations  that  must  take  place  simultaneously  and  with 
certainty,  especially  at  the  start  and  stop  of  a  test,  make  careful 
training  of  the  observers  of  the  greatest  importance,  as  the  least 
error  on  the  part  of  any  one  may  make  the  test  worthless.  It 
is  not  every  starting  signal  that  means  a  test. 


PEBFOEMANCE   OF  AN   INTEBNAL   COMBUSTION   ENGINE.      1065 


No.  MO.* 

PERFORMANCE  OF  AN  INTERNAL  COMBUSTION 
ENGINE  USING  KEROSENE  AND  GASOLINE  AS 
FUEL. 

BT  H.  F.  BALLAD  AT,  POTSDAM,  N.  T. 

(Janior  Member  or  the  Society), 

AND 
G.  O.  HODOX,  POTSDAV,  N.  T. 

(Non-member^. 

1.  This  paper  is  the  outgrowth  of  a  series  of  investigations  made 
in  the  mechanical  engineering  laboratory  of  the  Thomas  S.  Clark- 
son  Memorial  School  of  Technology.  Their  object  was  to  deter- 
mine the  economic  performance  of  a  standard  internal  combus- 
tion engine  of  the  Otto  type  using  kerosene  and  gasoline,  respec- 
tively, as  fuel  under  otherwise  similar  conditions.  Apart  from 
the  mere  question  of  cost  of  the  fuel  there  were  several  interesting 
phenomena  observed  and  operating  characteristics  determined  for 
each  case. 

There  is  necessarily  a  fixed  brake  horse-power  limit  for  each 
kind  of  fuel  used  in  an  internal  combustion  engine.  The  engine 
tested  was  nominally  rated  to  deliver  15  horse-power  at  260  revo- 
lutions per  minute.  Under  test  the  maximum  limit  of  power 
delivery  was  by  gasoline,  14.91  horse-power  at  267.4  revolutions; 
and,  for  kerosene,  17.41  horse-power  at  309  revolutions.  That  is 
to  say,  this  engine  was  found  to  be  capable  of  developing  16.8  per 
cent,  more  power  with  kerosene  than  with  gasoline  for  the 
samples  of  these  two  fuels  of  chemical  composition  and  heating 
value  as  determined,  and  recorded  in  Table  IV. 

2.  Accompanying  the  increased  capacity  of  the  engine  with 
kerosene  it 'was  also  found  that  it  could  be  operated  with  this  fuel 
at  better  efficiency  and  fuel  economy  at  all  loads  above  about  40 
per  cent,  of  the  normal  full  load.     The  cost  of  the  fuel  when  the 

♦  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  Mechanical  Enginee.s,  and  forming  part  of  Volume  XXIV.  of  the  Trana^ 
aetiona. 
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tests  were  made  was  $0.14  per  gallon  for  kerosene  and  $0,145 
for  gasoline.  The  heating  values  of  the  fuels  by  Mahler  bomb 
calorimeter  tests  were  19,282  British  thermal  units  per  pound  for 
the  kerosene  and  20,296  British  thermal  units  for  the  gasoline, 
averages  from  four  tests  each.  Table  IV. 

The  tests  with  gasoline  were  made  with  the  apparatus  as  sup- 
plied by  the  builders  when  purchai^ed.  The  tests  with  kerosene  re- 
quired special  attachments,  adjustments,  and  methods  which  it  is 
one  of  the  objects  of  this  paper  to  describe.  A  great  deal  of  experi- 
menting was  necessary  before  the  engine  could  be  successfully 
operated  vdth  kerosene,  but  the  work  was  finally  carried  out  with 
entire  success. 

Description  of  the  Apparatvs. 

3.  The  engine  used  was  of  the  standard  horizontal  four-cycle 
type  made  by  the  Otto  Gas  Engine  Co.,  Philadelphia,  Pa.  The 
governing  is  effected  by  the  "  hit  and  miss  "  method.  It  may  be 
operated  with  gas  or  gasoline  as  fuel.  The  change  from  one  to 
the  other  is  readily  made  by  simple  adjustments  of  two  valves. 
But  the  regular  gasoline  valves  supplied  by  the  engine  were  used 
throughout  all  of  these  tests  when  both  kerosene  and  gasoline  were 
employed  as  fuels.  The  general  arrangement  is  shown  in  Fig.  196. 

The   Cooling  Jacket. 

4.  The  cylinder  walls  were  kopt  cool  by  the  usual  water  jacket. 
The  water  was  taken  from  the  city  mains,  passed  through  the 
jacket  and  emptied  into  a  tank  on  platform  scales  for  weighing. 
Thermometer  wells  filled  with  oil  were  screwed  into  the  water 
pipes  near  the  entrance  to  and  exit  from  tlie  jacket,  at  points  a 
and  6,  respectively.  Fig.  195.  The  temperatures  of  the  cooling  water 
were  regularly  noted  at  these  points. 

The  Ahsoiption  Brake. 

5.  The  belt  pulley  of  the  on«^ne  was  converted  into  a  suitable 
brake  pulley,  Fig.l92,by  fastening  to  its  rim  internal  flanges  about 
four  inches  deep.  These  flanges  formed  an  annular  trough  for 
holding  the  cooling  water  for  the  brake.  The  water  was  delivered 
to  and  taken  from  this  pulley  by  the  usual  piping  system.  The 
brake  was  calibrated  and  the  weighings  were  taken  by  platform 
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scales.  Tiie  brake  arm  was  made  63.025  incbes  long,  being  so 
proportioned  as  to  reduce  the  calciiladoiis  required  by  obtaiuing 
the  revolution  constant  for  tbe  regular  brake  borse-power  formula. 


Ths  Carhureiorfor  Kefonetie* 

6,  In  order  to  use  in  tile  engine  kero'i^ene  oil  it  must  be  sprayed 
into  a  heated  chamber,  where  it  is  vaj>orized  and  the  vapor  Buper- 


Fig,  192. 

heated.  By  an  internal  air  jet  the  kerosene  may  be  broken  up 
into  a  fine  spray  or  mist  whieb  at  the  same  time  may  serve  to 
c*urburize  tbe  air  used  to  atomize  tbe  oib  The  kerosene-air  mix- 
ture must  then  be  thoroughly  vaporized  by  an  external  source  of 
heat  It  is  further  necesgary  to  superheat  this  mixture  suffi- 
ciently to  jirevent  condensation  of  the  vaporized  oil  upon  its  enter- 
111^^  the  cooler  gas  ports  and  passages  of  the  engine. 

Spc^cial  attachments  to  effect  the  above  changes  in  the  kerosene 
were  dcsigued  by  the  authors  and  constructed  in  tbe  shops  of  the 
(  larkHtm  Schunl  of  Technology.  Fig.  11>2  shows  the  engine  ar- 
ranged for  testing  with  kerosene  as  fueL  Attached  to  the  cylinder 
is  the  superheating  and  vaporizing  chamber  sho^vn  in  general 
new,  Fig,  1S>.^.  At  the  outer  end  of  this  chamber  is  tbe  atomizer 
with  needle  throttle  valve,  shown  in  detail^  Fig.  194, 
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7,  The  atomiEiiig  arrangemeTxt  consists  of  a  small  brass  eyliii- 
der,  four  incliOii  hmg,  fitted  witli  two  needle  valvt^s,  2  and  3,  Fig. 
194*  These  control  respectively  the  flow  of  kerosene  oil  and  the 
supply  of  c^ impressed  air  from  pipes  a  and  h.  The  spindles  of  the 
ni*odle  valve:?  were  fitted  witli  pointer  and  gradoated  itidex  plates 
for  mntual  adjustment  of  compressed  air  and  kerosene  oil  to  the 


[•m.  193. 


desired  degree  of  refinement,  without  loss  in  quantity  of  oil  or 
change  in  its  chemical  composition. 

TIic  eotopresised  air,  entering  through  pipe  6,  passes  through  the 
fine  perforations  in  needle  valve  3,  thence  through  its  very  small 
bore  ,r,  emerging  from  which  it  sprays  the  kerosene  oil  supplied 
through  pipe  a.  The  result  is  the  formation  at  the  conical  orifice, 
c,  of  an  exceedingly  fine  spray  of  kerosene-air  mixture  which 
thence  enters  the  vaporizer. 

8.  The  vaporizer  and  superheater  consists  of  a  closed  wronght- 
iron  pipe^  2  feet  long  and  5  feet  inches  diameter.  It  is  heated  by 
a  ninnber  of  B onsen  burners  placed  beneath,  and  \nmi  insulated 
and  protected  from  drafts  by  asbestos  sheets.  The  temperature 
of  the   superheated  kerosene-air  mixture  was  continuously  ob* 


J 
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served.  It  was  kept  on  the  average  within  the  range  of  590  to 
670  degrees  Fahr.  At  a  lower  temperature  than  675  degrees 
Fahr.  the  vapor  would  be  at  once  condensed  in  the  colder  admis- 
sion parts  and  passages  of  the  engine.  The  temperature  of  vapor- 
ization of  the  kerosene  oil  was  about  380  degrees  Fahr.,  so  that  the 
degree  of  superheat  was  on  the  average  about  240  degrees  Fahr. 

Weighing  Tanks  for  the  Fuel. 

.9.  The  kerosene  was  supplied  from  a  suitable  tank  on  platform 
scales  as  shown  in  Fig.  192.  To  force  the  oil  through  the  atomizer 
an  air  pressure  of  from  30-40  pounds  per  square  inch  was  main- 
tained in  the  tank.    The  compressed  air  was  furnished  by  a  small 


Fig.  194. 


air  pump  operated  from  an  overhead  shaft  driven  by  an  inde- 
pendent source  of  power. 

The  kerosene  tank  was  connected  with  the  atomizer  by  two 
pipes,  Fig.  192.  One  pipe  from  the  top  of  the  tank  furnislied  the 
compressed  air  necessary  to  spray  the  kerosene  conveyed  under 
pressure  by  the  other  pipe. 

The  gasoline  was  supplied  from  a  5-gallon  tank  placed  on  small 
platform  scales.  Two  pipes  connected  tliis  tank,  respectively  with 
a  supply  tank  outside  the  engine  room  and  witli  the  regular  gaso- 
line nipple  of  the  engine. 

Very  small  wrought-iron  pipes  of  considerable  length  were  used 
for  each  of  the  above  tank  connections.  It  was  found  by  experi- 
ment that  they  did  not  support  tlie  tank  nor  interfere  with  the 
weighings  of  the  fuel.  The  accuracy  of  the  arrangement  was 
tested  by  trial  witli  known  weights,  and  it  was  found  possible  to 
weigh  to  one-quarter  of  an  ounce. 


1070   PERFORMANCE  OF  AN  INTERNAL  COMBUSTION  ENGINE. 

Kerosene  used  as  a  Power  Gas. 

10.  The  kerosene  fuel  was  supplied  to  the  engine  as  a  kerosene- 
air  mixture,  superheated  from  about  590  to  670  degrees  Fahr. 
The  engine  was  therefore  operated  under  conditions  somewhat 
similar  to  the  use  of  blast  furnace  and  waste  power  gases  as  fuel. 
Several  of  the  results  are  in  the  line  of  what  may  be  expected 
from  the  use  of  such  highly  superheated  gas-air  mixtures  in  inter- 
nal combustion  engines.  With  these  gases  there  is  of  necessity 
more  or  less  of  an  admixture  of  air  before  introduction  into  the 


Halladay  4  Uodge 


Fig.  195. 


engine  cylinder.  There  the  fuel  is  further  mixed  with  air  for 
finally  effecting  a  suitable  explosive  mixture  according  to  the 
loads  to  be  met. 

With  the  su])erhcated  kerosene-air  mixture  there  is  very  quick 
explosion.  It  is  evident  from  the  pounding  noticeable  in  the 
engine,  which  could  not  be  attributed  to  any  other  cause,  such  as 
pre-ignitioiis,  or  too  high  a  tem])orature  of  the  working  gas,  or  soot 
on  cylinder  walls.  This  pounding  could  not  be  done  away  with 
except  by  changing  the  point  of  ignition,  and  such  a  change  would 
bo  at  the  expense  of  the  efficiency.  A  comparison  of  the  ex- 
ployiv(^  nature  of  the  kerosene  and  gasoline  gases  may  be  seen 
from  the  indicator  cards.  Card  Xo.  11,  test  No.  8,  of  the  kero- 
sene series,  shows  a  maxinmni  pressure  of  404  pounds,  and  card 
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No.  T,  of  test  No.  3,  of  the  gasoline  series  shows  a  maximum  pres- 
sure of  309  pounds,  while  the  mean  effective  pressures  are  almost 
the  same,  86.65  and  86.40  pounds  respectively. 

Adjustments  and  Methods  of  Testing  with  Kerosene  Fuel, 

11.  The  series  of  tests  were  run  under  practically  constant 
speed  and  as  constant  load  as  could  be  maintained  under  the  condi- 


FiG.  19G. 


tions  imposed  by  the  variable  adjustments  of  fuel,  air,  and  dboling 
water  required  for  maxiniuni  efficiency.  In  each  run  with  kero- 
sene the  proportions  of  air  and  fuel  and  tlic  amount  of  jacket 
water  were  found  to  be  properly  adjusted  when  the  speed  was  so 
regulated  mutually  with  the  load  as  to  give  conditions  which  in- 
sured most  effieient  performance. 

The  proper  pro])ortions  for  the  kerosene-air  mixture  were 
determined  for  each  series  of  tests  to  be  run  under  constant  speed 
and  load,  as  follows : 

12.  The  air  supply  was  tlirottlod  till  no  appreciable  smoke  was 
visible  in  tlie  discharge  from  exhaust  pipe.  At  such  a  time  the 
analyses  of  exhaust  gases,  as  fixing  one  of  the  best  conditions  for 
maximum  eflSciency,  should  show  an  excess  of  oxygen  and  a  mini- 
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muni  amount  of  carbon  monoxide.  The  analyses  of  the  exhaust 
gases  were  obtained  with  an  Orsat  apparatus. 

The  jacket  was  maintained  at  as  high  a  temperature  as  per- 
missible. This  is  the  other  necessary  condition  for  best  efficiency. 
It  was  the  condition  sought  in  all  of  the  high-power  tests  through- 
out the  range  of  loads  for  the  most  efficient  performance.  The 
jacket  temperature,  however,  should  not  exceed  the  limit  pre- 
scribed for  satisfactory  lubrication  and  mechanical  operation  of 
the  engine.  The  mechanical  friction  of  the  engine  is  largely  in- 
fluenced by  the  temperature  of  the  cylinder  walls  as  determined 
by  the  cooling  water  in  jacket. 

The  load  on  the  brake  arm  was  adjusted  in  order  to  determine, 
within  the  allowable  range,  the  proper  speed  for  obtaining  the 
maximum  horse-power  under  the  given  conditions.  The  total 
ranges  of  speed  included  by  the  several  tests  were,  for  kerosene, 
244-309  revolutions  per  minute;  and,  for  gasoline,  236-275  revolu- 
tions. Throughout  a  small  range  at  normal  loads  it  was  found,  on 
reducing  the  above  scale  weight,  that  the  speed  increased  to  a 
larger  extent  than  would  be  required  to  meet  the  simple  reduction 
unfler  a  constant  load.  For  the  brake  horse-power  was  calculated 
from  a  speed  constant  multiplied  by  the  scale  weight  in  pounds. 

The  speed  adjustments  for  each  set  of  conditions  would  result 
in  the  speed  finally  settling  to  a  value  representing  a  slightly  in- 
creased brake  horse-power  as  the  effect  of  reducing,  for  instance, 
the  weight  on  the  brake  scales.  The  speed  was  then  maintained 
practically  constant  throughout  the  run  under  the  conditions  im- 
posed upon  the  engine  by  the  loads  assigned.  In  the  series  with 
kerosene,  the  regular  "  hit  and  miss  "  governing  device  of  the 
engirfe  was  not  used. 

Conduct  of  the  Experiments, 

13.  The  same  general  plan  for  conducting  the  experiments  was 
followed  with  the  kerosene  and  gasoline  fuels  except  as  elsewhere 
specially  described  for  kerosene. 

I)}frat!mi  of  Titms, — With  kerosene  there  were  ten  runs — two 
of  them  of  thirty  minutes  duration  (one  under  very  light  load), 
five  of  one  hour,  and  three  of  ninety-minutes'  duration.  With 
gasoline  there  were  eight  runs — one  of  them  for  the  friction 
horse-power  of  thirty-minutes'  duration,  six  of  one  hour,  and  one 
of  ninety-minutes'  duration.     All  calculations  of  power,  fuel  con- 
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consumption,  and  heat  distribution  have  been  reduced  to  the  hour 
basis. 

Readings, — ^Readings  were  taken  at  five-minute  intervals 
throughout  the  series  of  observations  of  which  the  averages  are 
given  in  the  summary  of  tests,  Tables  V.  and  VI. 

Speed. — The  revolutions  of  the  engine  were  recorded  by  a 
Veeder  continuous  counter. 

Eayplodons, — The  number  of  explosions  per  minute  was  found 
by  actual  count  in  each  case.  In  the  gasoline  tests,  throughout 
the  range  of  normal  full  loads,  the  governor  was  fixed  in  such  a 
position  that  explosions  occurred  every  two  revolutions.  In  the 
kerosene  tests,  the  regular  governing  device  was  disconnected, 
and  the  regulation  effected  by  throttling  both  the  air  and  kerosene 
mixture.  In  this  case  the  explosions  were  determined  directly 
from  the  number  of  revolutions  of  the  engine,  except  under  very 
small  loads  when  actual  count  was  necessary.  Card  No.  1,  Fig. 
197,  gives  an  example  of  a  failure  to  get  an  explosion  under  light 
loads  with  kerosene  fuel. 

Indicator  Cards. — There  were  taken  at  five-minute  intervals 
by  a  special  Crosby  gas-engine  indicator.  The  area  of  its  piston 
was  one-half  that  of  the  standard  Crosby  steam-engine  indicator. 

Temperatures. — These  were  taken  at  the  same  regular  inter- 
vals and  at  the  points  of  observation  elsewhere  noted  in  diagrams 
and  tables.  The  exhaust  temperatures  were  taken  by  a  special, 
high-reading  mercurial  thermometer  made  of  "  Jena  normal 
glass,"  graduated  from  180  to  550  degrees  Centigrade.  It  was 
placed  in  asbestos  in  a  special  brass  thermometer  well  tapped  into 
the  exhaust  pipe  near  the  exhaust  valve. 

With  gasoline  the  average  exhaust  temperatures  for  each  series 
agreed  as  closely  as  could  be  expected.  The  comparatively  low 
temperature  of  788  degrees  Falironlieit  for  one  of  the  heavy  loads 
was  due  to  starting  the  test  and  taking  readings  Ix^fore  the  engine 
was  fully  warmed  up.  There  seemed  to  be  no  fluctuation  of  the 
exhaust  temperatures,  even  under  light  loads,  when  there  was 
more  or  less  reduction  in  the  number  of  explosions  per  minute. 


Heating  Value  of  the  Fuels, 

14.  The  heating  values  were  all  obtained  with  the  Mahler  EoTiib 
Calorimeter.  The  fuels  being  exceedingly  volatile  under  high 
temperatures,  it  was  necessary  to  use  small  glass  bulbs  filled  and 
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KEROSENE. 

Card  No.  11.  Test  No.  8. 

Area       =1.10  Length     =3.08 

Max.  Pr.  =  404  Comp.Pr.—     60 

Spring    =240  M.  E.  P.   ^85.65 


KEROSENE. 

Card  No.  1.  Test  No.  0. 

Area       -=1.71  Length     =3.08 

Max.  Pr.=~'  100  Comp.Pr.=     18 

Spring    =    80  M.  E.  P.  =-44.45 


KEROSENE. 

Card  No.  3.  Test  No.  10. 

Area        ^1.03  Length     =^3.08 

Max.  Pr.^- 148  Comp.Pr. =^    31 

Spring    -    720  M.  E.  P.   =40.3 


JJii'laJay  i  UmIj/c 


Fig.  197. 
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KEROSENE. 

Card  No.  10.  Tvst  No.  5. 

Area       -  1.00  Length  3.01 

Mux.  Pr.-   .300  Com  p.  Pr.        62 

Spring    ^240  M.  E.  P.    -70.75 


KEROSENE. 

Card  No.  19.  Tr.st  No.  5. 

Area  1.00  Length  3.01 

Max.  Pr.     .310  Cump.  Pr.         52 

Spring         240  M.  E.  P.        79.75 


KEROSENE. 


Card  Nn.  11. 
Ar,a  .no 

Mux.  Pr.     .320 
Spring    ■      24  0 


UalUda^  4  iLlj, 


Ti  :t  Nn.    7. 

Lfinjtli  J.  03 

C'ji.r-  P'.         54 
M.  C.  P.        70. 1 


\\r,.    1!IS 


1076    rEUFORMANCE  OF  AN  INTERNAL  COMBUSTION  ENGINE. 


QA80UNE. 

Card  No.  0.  '         Test  No.  4. 

Area       —  ,90  Length      -^3.00 

Max.Pr.=  252  Comp.  Pr.^    67 

Spring    ^300  M.  E.  P.    "^90.00 


0A80UNE. 

Card  No.  5.  Test  No.  5. 

Area       '=J.98  Length      ^=3.02 

Max.  Pr.'^  326  Comp.  Pr.^    69 

Spring    —  160  M.  E.  P.    -^104.66 


UuUaduy  ^  llodg* 


Fio.  199. 
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QA80UNE. 

Card  No.  7.         '  Test  No.  1. 

Area       —  .93  Length     ^2.01 

Max.  Pr.  ^=312  Com  p.  Pr.  =    54^ 

Spring    =300  M.  E.  P.   =^6.87 
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GASOLINE. 
Card  No.  0.  Teat  No.  2. 

Area       = 


GASOLINE . 

Card  No.  7.  Test  No.  3. 

Area  7.62  Length  3.00 

Max.  Pr.      309  Comp.Pr.  ■■       58 

Spring    —  160  M.  E.  P.    -86.40 


Ua\la4a^  i  H.-lg* 


Fig.  200. 
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sealed.  The  weight  of  sample  contained  in  each  bulb  was  found 
by  weighing  the  bulb  before  and  after  filling.  One  of  these 
bulbs  was  placed  in  the  calorimeter  and  oxygen  under  a  pressure 
of  five  atmospheres  was  admitted,  and  the  bomb  then  shaken  until 
the  bulb  was  broken,  thus  giving  a  combustible  mixture.  This 
was  ignited  by  an  incandescent  wire  and  the  heating  value  of  the 
sample  obtained,  as  indicated  by  the  accompanying  test  sheets. 

After  the  pressure  in  the  bomb  had  been  relieved  and  the  cap 
removed,  the  bomb  was  thoroughly  washed  with  distilled  water 
and  the  nitric  acid  (UNO,)  was  found.  The  sulphur  was  pre- 
cipitated as  barium  sulphate,  thus  giving  the  sulphur  as  shown 
on  the  accompanying  test  sheets. 

The  kerosene  and  gasoline  used  were  drawn  entirely  from  indi- 
vidual barrels,  thus  obtaining  good  samples.  A  series  of  tests  of 
these  samples  gave  average  heating  values  and  chemical  composi- 
tion. 

From  the  chemical  analysis  of  the  gasoline  the  per  cent,  of 
hydrogen  was  found  to  be  14.14.  The  produced  water  will,  there- 
fore, be  1.2726  times  the  weight  of  gasoline  used,  14.14  x  09  = 
1.2726.  Taking  the  latent  heat  of  vaporization  of  water  at  20 
degrees  Centigrade  as  592.5  gives  0.754  calories  per  gram;  de- 
ducting this  from  the  average  calorific  value  of  the  gasoline  of 
11,276,  gives  10,522  as  the  heat  of  combustion  of  one  gram  of 
gasoline,  which  is  equivalent  to  18,940  British  thermal  units  per 
pound  of  gasoline. 

Chemical  Analysis  of  tKe  Fuels. 

15.  This  was  exceedingly  difficult  to  obtain  because  of  the 
higlier  hydrocarbons,  which  it  was  found  were  not  readily  burned. 
It  was  made  with  an  ordinary  combustion  furnace.  The  hard  glass 
tube  in  which  the  combustion  is  made  should  be  carefully  selected 
and  preferably  drawn  out  at  one  end  into  a  tube  about  two  and 
one-half  inches  long  by  one-fourth  inch  in  diameter,  this  end 
being  placed  toward  the  collectors.  The  tube  used  was  thirty 
inches  long  by  five-eighth  or  three-quarters  inches  in  diameter. 
It  was  charged  with  copper  gauze  thoroughly  oxidized  and  with 
black  cop])or  oxide. 

A  straight  tube  stoppered  at  both  ends  with  rubber  stoppers 
containing  glass  tubes  was  used.  This  was  charged  as  before, 
the  copper  oxide  being  relied  upon  to  furnish  oxygen  enough  for 
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complete  combustion.  After  several  trials  with  varying  results, 
it  was  found  that  the  oxide  would  not  give  up  its' oxygen  rapidly 
enough  nor  in  sufficient  quantity  to  thoroughly  oxidize  the  hydro- 
carbons. To  remedy  this -defect,  or  rather  to  supply  the  lack  of 
oxygen,  it  was  supplied  very  slowly  from  a  cylinder.  Analyses 
employing  this  method  were  quite  satisfactory. 

16.  In  the  case  of  gasoline,  for  instance,  the  carbon  found  was 
88.53  per  cent.,  the  hvdro^eu,  14.1-1:  per  cent.  Using  Dulong's 
formula  for  heating  value  of  a  hydrocarbon,  we  obtain  20,9-17 
British  thermal  units,  this  being  but  slightly  different  from  the 
result  obtained  in  the  calorimeter,  20,206  British  thermal  units;. 
thuS; 

.8358  X  14,500  +  .1414  x  02,500=  20,947  B.  T.  U. 

From  the  chemical  analysis  of  the  kerosene  the  per  cent,  of 
carbon  and  hydrogen  were  respectively  84.13  and  13.87  })er  cent. 
Using  the  above  formula,  the  folbwing  heating  value  was  ob- 
tained : 

0.8413  X  14,500  +  0.1387  x  03,500  =  20,869  B.  T.  U. 

The  apparatus  us(»d  was  the  combustion  furnace  A\dth  the  tube 
AS  described  and  charged,  with  a  small  U  tube  for  collecting  the 
water,  there  being  a  bulb  in  which  the  water  could  condense. 
Just  enough  sulphuric  acid  (IT^SOJ,  sp.  gr.  1.90,  was  \nit  into  the 
tube,  so  that  all  tlie  gas  going  thjougli  the  tube  would  pass 
through  the  acid.  Tliis  was  found  to  be  a  bett(T  drying  or  water- 
collecting  agent  tlian  fus(=(l  enlcium  chlorid,  and  would  pick  up 
the  water  if  tlie  rate  of  ])assin^  <li(l  not  exceed  two  bubbles  per 
second.     It  is  better  to  run  much  slower  tlian  this. 

17.  The  bull)  tilled  witli  a  solution  of  ciinstic  ])otas]i  fKOH),  30 
per  cent,  by  weight,  with  a  calcium  chlori«i  pianl  tube  attached, 
was  used  for  absorbing  tlie  carbon  dioxide.  This  tube  shouhl  be 
refilled  after  each  coni])usti<»n.  A  tube  containing  fused  caustic 
potash  was  connected  to  tliis  as  a  safctrnard.  A  suction  ]>ii)e 
was  worked  throniLili  a  Imttlc  of  sulj)huric  aci<l  in  order  to  prevent 
any  moisture  in  the  air  from  l>cin.ir  taken  u])  by  tlie  caustic  ]>otash 
tube.  The  oxviren  cv]in<ler  nnd  air  sn|){)lv  were  connected  to  the 
other  end  of  tlie  combnstion  tube  nml  ea(*h  sn])ply  was  drawn 
through  caustic  jintji-li  and  fused  calcium  chlorid  in  order  to  free 
thorn  from  carbon  dioxidr-  and  nmi-ture. 

The  tub(\  having  be(  n  charged,  is  connected  up  with  the  air 
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supply  on  the  one  end  and  a  tube  of  fused  calcium  chlorid  on  the 
other,  the  heat  is  then  applied  gradually  until  the  tube  has  reached 
a  cherry-red  heat;  here  it  is  maintained  throughout  the  combus- 
tion. About  ten  inches  of  the  end  toward  the  oxygen  supply  is 
left  clear.  Into  this  clear  space  is  put  the  bulb  containing  the 
sample,  having  first  broken  the  tip.  This  is  allowed  to  expand 
for  a  short  time,  then  the  oxygen  is  turned  on  at  the  rate  of  about 
forty  bubbles  per  minute ;  if  the  rate  be  much  faster  it  will  cause 
an  explosion  in  the  tube  and  ruin  the  analysis. 

1 8.  This  is  continued  until  all  of  the  sample  is  driven  out  of  the 
bulb  and  vaporized ;  the  time  Avas  usually  one  and  one-half  hours. 
Ueat  is  then  slowly  applied  to  the  end  of  the  tube  containing  the 
bulb.  When  all  the  sample  is  burned,  the  oxygen  is  turned  on 
more  rapidly  and  allowed  to  flow  until  the  copper  is  oxidized. 
This  can  readily  be  ascertained  by  the  rate  of  passage  of  the 
bubbles  through  the  sulphuric  acid.  When  the  copper  has  taken 
up  all  the  oxygen  which  it  can,  the  suction  is  turned  on  and  air 
drawn  through  for  fifteen  minutes;  this  should  take  over  all  the 
condensed  water;  if  it  does  not,  continue  until  it  has  removed  all 
signs  of  moisture  in  the  combustion  tube.  The  absorbent  tubes 
are  now  carefully  removed  and  a  new  set  attached  for  another 
combustion.  It  is  better  to  run  a  number  in  succession  than  to 
stop  with  one.     The  tubes  when  cool  should  be  carefully  weighed. 

Gasoline  Analysis. 

Sample  No.  1.  Test  No.  8. 

Weight  of  bulb  empty grams. 

-     •'        '*      "     filled 

"  gasoline 3624 

Weight  of  IIjSO*  tube  before  combustion 83 .  1856       ** 

**       **         "    after  *'        83.6470      " 

Increase 4614      " 

.4614  -t-  9  =  .05127  grams  hydrogen. 
.05127  H-  .3624  =  14.14  per  cent. 

Weight  of  KOII  bulb  before  combustion 60.4990       " 

•'       "         '*     after  "  61.6090       '* 

Increase 1.1100      ** 

Q 

1.11  X     -  =  .:J02 7  grams  of  carbon. 
.3027  -i-  .3024  =  83.53  por  cent. 
Increase  on  KOII  tube 0.00  ** 
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Sulphur  Determination  in  Oasoline  Used. 
From  the  amount  of  HaS04  found  is 0.0027  gramd. 

H,  =  2.-.  ??  y  .0027=  .00088, 
S    =32      or      .088  per  cent., 


64     ,  . 
*  ^  98  '*"^P^'*^^- 

Nitrogen  Determination  in  Gasoline  Used, 

No.  of 
sample. 

Amount  of 
sample  used. 

n 

10 

N-OH 

BJSO^ 

2 
3 

4 

0.5895 
0  3861 
0.4261 

5.7 
6.3 

8.3 

.004 
.0021 

3/1.4017 

3  20.3 

2/. 0061 

4672 

0.7 

.0080 

H,S04 


Averages  placed  on  a  one-gram  basis  : 

1  14.3  .0064 

0.0OC4  X  0.42000  =  .0027  HaSO*. 

Due  re  N.OH  ~  =  .0049  H^SO*. 

.-.().  0027  +  0 .  (K)49  =  0 .  54    N.OH— 
0  0063  (14.3  -  0.54)  =  .087    HNO,. 
H  =  1  .-.  ^  X  0.087  =  0.0193  G.  N. 

DO 

N  =  14. 

0,  =  ljO.0193  +  100  =  1 .93^  N. 

DO 

Fuel  ConmLinption. 

19.  The  fuel  coiisumi)tion  per  brake  and  per  indicated  horse- 
power per  hour  are  shown  in  Figs.  201,  202,  and  208.  The  min- 
imum consumption  or  hest  economic  h)a(l  of  the  engine  occurs  at 
8.1  brake  horse-power  for  kerosene  and  at  1).5  brake  horse-pow(»r 
for  gasoline;  tli;it  is,  for  kerosene  at  ab<Mit  40  per  cent,  of  the  max- 
imum full  load  for  tliat  fuel,  and  for  gasoline  at  03.0  per  cent,  of 
the  maximum  rull  load  for  this  fucd.  Tender  very  light  loads  the 
gasoline  is  the  more  economic  fuel,  as  noted  by  the  intersection 
of  the  economy  curves,  Fig.  203,  at  about  4.5  brake  horse-power. 
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The  kerosene  proved  to  be  the  better  fuel  for  heavy  loads  in  the 
given  engine,  not  only  in  point  of  economy  but  also  in  matter  of 
speed,  as  elsewhere  noted  under  adjustments  and  methods  with 
this  fuel. 

Mechanical  Friction  and  Efficiency. 

20.  The  mechanical  friction  of  the  engine  represents  a  double 
transformation :  first,  a  conversion  of  heat  into  internal  work  and 
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Fig.  201. 

otlier  lost  work  of  the  engine ;  thence,  a  reconversion  of  this  en- 
ergy into  heat  by  friction.  It  is  therefore  subject  to  more  frequent 
and  uncertain  variations  in  gas  than  in  steam  engines.  In  the 
latter  it  lias  l)oon  ro])oatodly  sliown  to  follow  closely  the  law  of 
constant  friction  hors(^-power  for  all  loads  at  uniform  speeds.  In 
the  gas  engine*  thoro  arc  additional  variations  in  friction  loss  due 
to  the  inherent  difficulties  of  lubrication,  as  well  as  the  marked 
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influence  of  the  cooling  jacket,  which  has  been  elsewhere  ex- 
plained under  that  caption. 

21.  The  friction  horse-powers  are  shown  plotted  in  Figs.  204 
and  205,  respectively,  for  kerosene  and  gasoline.  They  vary 
somewhat  irregularly.  The  results  with  each  fuel  show  a  general 
tendency  of  the  aggregate  frictional  losses  to  decrease  contin- 
uously as  the  load  on  the  engine  increases.    The  performance  of 
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the  engine  as  a  meoliaiiisni,  therefore,  sliows  a  more  rapid  increase 
of  mechanical  cfticiciicy  with  incrcasiiiir  load  tliai)  would  he  seen 
if  the  friction  loss  were  eonstant. 

With  kerosene  the  engine  appeared  to  work  much  better  at  a 
speed  above  the  normal.  Thus,  Test  Xo.  8  shows  an  average 
speed  of  309  revolutions  per  minute  with  a  meclianical  efficiency 
of  91.5  per  cent.,  developing  the  largest  output  ever  obtained 
from  the  engine,  of  17.41  brake  horse-power.  Corresponding 
conditions  for  gasoline  were  at  a  speed  of  2G7.4  revolutions,  me- 
chanical efficiency  of  89  per  cent.,  and  maximum  of  14.91  brake 
horse-power. 
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Heat  Distribution, 

22.  One  object  of  this  investigation  was  to  ascertain  the  distri- 
bution of  the  total  heat  supplied  by  the  fuel  as  far  as  could  bs  de- 
termined for  the  following  stages  of  the  cycle :  the  cooling  jacket, 
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mechanical  friction  of  engine,  the  power  developed,  the  radiation 
and  exhaust. 

The  heat  units  converted  into  useful  work  and  lost  in  friction 
were  determined  from  the  brake  and  indicated  horse-power 
measurements.  The  jacket  losses  were  calculated  from  the  cool- 
ing water  data.  The  boat  units  to  be  charged  to  radiation  and 
exhaust  could  not  be  found  separately.     They  were  obtained  by 
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deducting  from  the  total  heat  supplied  the  sum  of  that  previously 
determined  for  useful  work,  friction  and  jacket  losses.  The  heat 
distribution  will,  of  course,  be  materially  affected  by  the  rate  of 
working  the  fuel.  Its  variations  may  be  examined  with  respect  to 
the  rate  of  working  based  (a)  upon  the  output  of  brake  horse- 


to 

TD 

a. 

i 
E  « 

M 
10 

o 

•**= 

— 

^ 

* 

^ 

M'lliCI* 

**iJ 

n  ^ 

>- 

1^ 

> 

» 

/ 

^ 

/ 

/ 

TDT 
IB  H.f.  OU  ChfilhC 

/I 

^ 

1 

/ 

/ 

/ 

X 

/ 

? 

N 

\ 

/ 
/ 

X 

X 

:( 

:::^ 

j^ 

jd 

-1 

. 

f 

^ 

] 

I 

- 

/ 
-J 

1 

rr' 

>    c 

'►*« 

im  r 

F^ 

JCTjj 

i 

-— 

"^ 

0^ 

r 

r^ 

^ 

gf. 

*;;i 

>^ 

u 

Q 

i^ 

- 

T3 

t 
t 

^ 

^> 

U^ 

o 

1 

.-^ 

a              4              «              J 

t                   111                   »                  14                   11 

FtaE  PQWEft 
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power  d(»livor(Ml  per  hour,  Figs.  200  and  207;  and  (b),  upon  the  in- 
put of  total  lioat  supplied  per  hour  by  the  fuel.  Figs.  208  and  209. 
23.  The  percentage  distribution  of  the  total  heat  supplied  was 
.  calculated  as  in  Tables  V.  and  VI.,  and  thence  plotted  in  Figs.  200 
and  207,  respectively,  for  kerosene  and  gasoline.  On  the  ordinate 
for  any  selected  brake  horse-])owcr  output,  the  scale  distance  be- 
tween any  two  curves  represents  the  percentage  of  the  total  heat 
expended  in  that  j)ortion  of  the  cycle  in  the  stages  noted.  The 
several  percentages  on  the  ordinate  of  any  selected  brake  horse- 
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power  multiplied  into  the  total  heat  supplied  (shown  on  the  same 
ordinate)  will  give  the  heat  distribution  for  the  assigned  load. 
24.  The  actual  distribution  of  the  total  heat  supplied,  reduced  to 
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one  lioiir  l)asis,  Tables  V.  and  VL,  has  been  plotted  in  Figs.  208 
and  20JK  On  the  ordinate  for  any  selected  total  heat  input  the 
scale  distance  between  any  two  curves  represents  the  heat  ex- 
pended in  that  portion  of  the  cycle  in  the  stages  noted. 
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TABLE   I.— Data  and  Dimensions  of  Gas  Engines. 

1.  Name  and  number '*  Otto,"  No.  5b. 

2.  Manufactured  by The  Otto  Gas  Engine  Co.,  Philadelphia,  Pa. 

3.  Tjpe Four  cycle. 

4.  Fuels *'  Waier  wbiie  kerosene  "  and  **  Stove  gasoline/' 


5.  Heat  of  combustion 


(  of  kero  ene 19,283  B.  T.  U.  per  lb. 

t  of  gasoline 20,296 

0.  Horse-power,  normal  full  load 15  brake  ;  18  5  indicated. 

7.  Floor  space 7  feet  9  inches  x  3  feet  6  inches. 

8.  Ileight 59  inches. 

9.  Weight 5,000  lbs. 

10.  Number  of  cylinders One. 

11.  Fly  wheel  diameter .56  inches. 

12.  Brake  pulley 24  inches. 

13.  Diameter  of  piston .  .6f  inches. 

14.  Piston  displacement 0.3211  cubic  foot. 

15.  Clearance 0.1116  cubic  foot. 

16.  Length  of  stroke 15.5  inches. 

17.  Revolutions  per  minute  (normal) 260. 

18.  Governor,  fly  ball *'  Hit  and  miss  "  method. 

19.  Kind  of  ignition    Electric  spark. 

20.  Brake  Arm 63.025  inches. 

TABLE  II.— Mauler  Bomb  Cat.orimkter  Tests.— Kerosene. 


BBroRB  Combustion. 


Combustion. 


Minates. 


I 


Temperature.   Minutes. 


0 

la.-il 

1 

22.20 

2 

22.20 

8 

22.18 

4 

22.18 

5 

22.10 

Averofm 

variations  per 

mina 

te,  0.001. 

Temperature. 

Minutes. 

24.74 

9 

2.5.76 

10 

26.02 

11 

26.03 

12 

13 

U 

After  Combustion. 


Temperature. 


5* 
6 


Gross  rise  in  tempera- 
ture, 3.87  degrees. 


26.00 
25.  JW) 
25.93 
25.  JK) 
25.86 
25.82 


Average  rate  of  cooling 
per  minute  0.035. 


Notes. 

Kerosene  taken, 

0.9812  G. 
Iron  wire  taken, 

0.0324  G. 
Nitric  ncid  found, 

0.046  G. 
Water  used,  2.200  CO. 
Water  equivalent  of 
Appurutus,  481  CO. 


Heating  value  :  10.744  Cnlories  ;  19,:«9  British  thermal  unit.**.  Sample  marked  *'  Water  White 
Oil."  Sample  No.  4,  Test  made  bv  Hodge.  Date,  April  2.  19</;1  Depurtmenl  of  Chemij«ir.y, 
Clarkson  School  of  Technology,  Potsdam,  N.  Y. 

TABLE  in. — Marler  Bomb  Calorimktek  Test- Gasolixf:. 


Combustion. 


AFTEK  CoMHr««TION. 


MinuTH.  I 


6 


IVmperature.    Minutes.  Temperature. 


IK. 40 
18.76 
lh.K8 
1H.<M) 


9 
10 
II 
12 

r.i 


1S.H9 
18. K8 
18. S8 
IS  H7 
1H.H6 


(Ir<)«s  n>».'  of  Irniper     '  AvcraL'*'  rate  of  cooliuLr 
ature,  1.10.  per  minute,  (».(H»8. 


Notes. 

Gasoline  taken. 

0.2643  G. 
Iron  wire  taken, 

0.0135  G. 
Nitric  acid  found. 

0.029'.  G. 
Wat'T  used.  2,200  CC. 
Water  equivatent  of 
Apparatus.  481  C'C. 


Heating  values  :  1 1 .2;7  Cjilorirs  ;  20.2'.>'.»  B.  T.  V.    Sanjple  marki'd:  *•  Stove  (Jasoliiie."    Sample 
No.  1.    Test  mndr  by  Brand  S:  Ilalladay.    Dale,  May  :i.  H*»2.    Department  <;f  Chemistry,  Clarkson 
Scliool  of  Technology,  I'otsdam,  N.  Y." 
70 
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TABLE  IV.— SuMMAHY  OF  Detebmination  of  Heating  Values  and  Chem- 
ical Analysis  of  Kerosene  and  Gasoline  Fuels. 


Speciflc  gravity,  Baum^ 

Flash  tet't 

Fire  test 

Commercial  name 

Cost  per  giillun  on  day  of  test 

UsATiNo  Value. 

Samples  :  No.  1,  B.  T.  U 

"     2,        "       

•'     3,        "       

"     4,        "       

Average  heating  value,  B.  T.  U.  per  pound  fuel 

Ultimate  Analysis, 

Carbon per  cent, 

Hydrc^en  "      " 

Sulfur '*      " 

Nitrogen "      *' 

Oxygen "      " 

Ash "      " 


Kerosene. 


49.1*> 

116<»  F. 

158«»  F. 

'Water  white  oil.' 

$0.14 


19,600 
18,169 
20,019 
19,339 


19,282 


84.13 

13.87 

.88 

1.77 


100.00 


Gasoline. 


',t)o 


'  Stove  gasoline.* 
90.145 


20,399 
20,700 
20,403 
19,784 


Thermal  Efficiency  and  Duty. 


20,296 


83.63 

14.14 

.09 

1.98 


99.69 
.31 


100.00 


25.  The  thermal  efficiency  of  the  conversion  of  heat  into  work  is 
shown  in  Figs.  204  and  205,  on  the  brake  horse-power  per  hour 
basis  us  the  rate  of  working;  and,  in  Fig.  210,  on  the  basis  of  the 
rate  of  working,  the  total  heat  supplied  by  the  kerosene  and  gaso- 
line fuels  per  hour.  The  former  answc  rs  the  question  of  how 
much  total  heat  is  required  with  each  fuel  to  obtain  the  same  net 
power  delivered.  The  latter  answers  the  question  of  how  much 
heat  will  be  converted  into  useful  work  with  a  givcm  total  amount 
of  heat  supplied  per  hour.  In  the  present  case  it  is  quite  necessary 
to  consider  the  latter  basis  of  comparison  of  the  efficiencies  of  the 
two  fuels.  From  the  average  fair  curves  which  have  been  drawn 
through  the  several  points,  it  will  be  noticed  that  the  maximum 
efficiency  of  19.2  per  cent,  for  the  kerosene  is  reached  much 
earlier  in  the  range  of  loads  than  for  the  gasoline;  thence  it 
decreases  rapidly  to  15.18  per  cent,  at  the  maximum  full  load. 
With  the  gasoline,  on  the  other  hand,  there  seems  to  be  a  tendency 
for  the  efficiency  to  remain  at  about  the  same  value  of  14.9  per 
cent,  after  attaining  this  maxinmni. 

The  thermal  duty  is  here  introduced  as  a  further  basis  for  com- 
paring the  ]>erformance  of  the  engine  with  kerosene  and  gasoline 
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fuels.  It  is  defined  as  the  foot  pounds  of  work  done  by  the  gas 
engine  per  million  thermal  units  supplied  by  the  fuel.  It  has  the 
same  significance  as  when  similarly  used  to  define  and  compare 
the  performance  of  pumping  engines.  As  a  basis  for  comparison 
it  is  none  the  less  rational  than  eflBciency.     It  has  the  added  ad- 


FiG.  200. 


vantage  of  stating  a  definite  output  of  energy  from  a  given  input 
of  thermal  units.  Where  fuels  vary  so  much  in  heating  value 
as  is  now  coming  to  be  the  ease  witli  internnl  eombustioii  (»ngines, 
it  would  seem  tliat  the  (hity  might  l)e  more  satisfactory  than  the 
efficiency  for  comj)aring  tlieir  performance. 
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Conclusions, 

26.  (1)  The  heating  value  of  the  two  fuels,  as  determined  by 
the  average  of  calorimetric  tests,  was  but  slightly  higher  for  the 
gasoline  (20,296  British  thermal  units)  than  for  the  kerosene 
(19,282  British  thermal  units). 

(2)  In  order  to  use  the  kerosene  as  a  power  gas  in  this  engine 
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it  was  necessary:  (a)  to  atomize  it  by  compressed  air,  (b)  to 
vaporize  the  oil,  (c)  to  superheat  the  kerosene-air  mixture  about 
250  degrees  Fahr.  on  the  average.  The  kerosene  gas  was  there- 
fore used  in  a  condition  somewhat  similar  to  blast  furnace  and 
waste  power  c:nses  for  internal  combustion  engines. 

(3)  The  most  satisfactory  and  economic  conditions  for  the  use 
of  tlie  kerosene  fuel  were  found  experimentally,  by  adjusting  the 
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supply  of  superheated  kerosene-air  mixture  simultaneously  with 
the  regular  air  admission  into  the  engine  cylinder,  so  that  the 
exhaust  was  smokeless  and  (by  analysis)  showed  an  excess  of 
oxygen. 

(4)  Capacity  tests  were  made  to  determine  the  maximum  power 
delivered  under  the  best  operating  conditions  for  economy  and 
speed  regulation,  giving,  for  kerosene,  a  maximum  of  17.41  horse- 
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power  at  300  revolutions  per  minute ;  and,  for  gasoline,  a  maxi- 
mum of  14.01  horse-power  at  2G7  revolution?*. 

(5)  The  l)e?t  eeononiiV  loads  for  tlie  engine  vari(Ml  with  each 
fuel,  being  S.l  brake  hor>e-j)«>\v(r  i*«»i*  kerosene  and  I>.r»  brake 
horse-pow(M'  I'or  llic  gas<»liin';  tliat  i-,  for  kerosene*  at  about  \^\ 
percent.,  and  for  ga-«»b*iir  at  abont  <>:{.<>  jht  eent.  of  the  niaxiniuin 
full  loads  for  these  fnels  resj>eetively. 

(6)  The  rate  of  consuni[)tion  was  the  same  for  each  fuel  at 
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about  4.5  brake  horsc-power  delivered;  under  light  loads  gasoline 
was  the  more  economic  fuel,  while  kerosene  proved  to  be  the 
better  fuel  for  high  duty  heavy  load  work. 

(7)  The  mechanical  friction  of  the  engine  did  not  follow  the 
usual  law  for  prime  movers,  of  constant  friction  horse-power  for 
all  loads  at  constant  speed,  but  in  these  experiments  it  decreased 
in  general  as  the  load  increased. 

(8)  The  thermal  efficiency  was  higher  for  kerosene,  having  an 
(average)  maximum  value  of  19.2  per  cent,  at  9.1  brake  horse- 
power, or,  at  the  rate  of  working,  of  120,000  British  thermal 
units  input  per  hour;  and,  for  gasoline,  an  (average)  maximum  of 
14.9  per  cent,  at  9.4  brake  horse-power,  or,  at  the  rate  of  working, 
of  160,000  British  thermal  units  input  per  hour,  which  was  main- 
tained with  but  slight  variation  till  the  maximum  load  was 
reached  with  gasoline  fuel. 

(9)  The  thermal  duty,  or  foot  pounds  of  work  done  per  million 
thermal  units  supplied,  reached  similarly  (average)  maximum 
values  at  above  respective  loads  of  149,000,000  foot  pounds  for 
kerosene,  and  of  116,200,000  foot  pounds  for  the  gasoline. 
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TABLE    V. 
AvER.\OE  Values  and  Summary  op  Results  of  Tests  with  Kerosene  Fcel 


H 

Cooling 

Water 

OD 

OD 

a  c 
5S 

11 

32 

ts 
1^ 

5  _► 

III 

-'-  too 
i.  n  « 

Analysis  op  Ex- 
haust Oases. 

•5  r 

■^3  5) 

Iff 

II 

4 

SI 

3-" 

& 

u 

S^r^ 

11 

P|5 

it 

1  ^ 
10 

COa. 

0. 

CO. 

1 

60 

' 

4 

48AJO 

6 

7 

8 

9 

u 

18 

13 

U 

1 

29.11 

274 

43.7 

152.6 

108.9 

615 

68.02 

9.55 

11.6 

0.8 

0.8 

2 

80 

29.10 

269 

aa.oo 

44.6 

155.0 

110.4 

440 

69.00 

6.50 

11.2 

2.2 

1.8 

3 

(JO 

29.11 

258 

4'?.  00 

44.6 

116.6 

72.0 

811 

70.05 

8.80 

11.0 

8.0 

0.4 

4 

60 

29.10 

279 

3d.  CIO 

4<J.4 

116.0 

69.6 

724 

70.84 

6.00 

8.2 

8.2 

0.0 

5 

90 

29.11 

260 

1^1  4111 

43.4 

99.0 

52.6 

748 

81.86 

9.46 

4.2 

12.9 

0.9 

6 

90 

29.11 

284 

^r.oi 

46.4 
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TABLE  VII.— ExiiAU  T  Gas  Temperature  and  Analysis. 
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No.  991.* 

TESTS  OF  A  TWELVE-HORSE-POWER  GAS  ENGINE 
TO  DETERMINE  TUE  EFFECTS  OF  CHANGES  IN 
SPEED,  LOAD,  POINT  OF  IGNITION,  RATIO  OF 
GAS  TO  AIR,   AND  JACKET  TEMPERATURE^ 

BT  C.  H.  BOBBRTBON,   LAFATBTTB,  IBD. 

(Janior  Member  of  the  Society.) 

Introductory, 

1.  For  ^  some  years  the  Institution  of  Civil  Engineers  of  Eng- 
land has  been  maintaining  a  committee  on  gas  engine  research. 
Much  painstaking  and  carefully  conducted  work  has  been  carried 
on  in  Germany  and  France,  and  within  the  last  few  years  not  a 
little  attention  has  been  given  to  the  subject  in  the  United  States. 
With  the  hope  of  being  able  to  contribute  something  to  the  bet- 
ter understanding  of  the  relations  of  some  of  the  factors  of  the 
problem  for  the  Otto-cycle  gas  engine,  and  along  the  same  gen- 
eral lines  as  some  of  the  above-mentioned  facts,  an  investigation 
was  begun  in  the  laboratories  of  Purdue  University  in  1896,  and 
has  been  continued  since  that  time.  The  nature  of  the  problem 
and  the  relative  importance  of  its  various  factors  will  depend 
in  a  large  measure  on  the  standpoint  of  the  inquiry,  whether  that 
of  construction,  operation,  or  finance.     The  relations  of  the  vari- 


♦  Preaented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  TranM* 
adians. 

t  For  further  discussion  on  the  same  topic  consult  Transactions  as  follows : 
No.  843,  vol.  xxi.,  p.  39G:  "  An  Efficiency  Test  of  a  One  Hundred  and  Twenty-five 

Horse-power  Gas  Engine."    C.  H.  Robertson. 
No.  876,  vol.  xxii.,  p.  152:  "Efficiency  of  a  Gas  Engine  as  Modified  by  Point  of 

Ignition."     C.  V.  Kerr. 
No.  896,  vol.  xxii.,  p.  612:  "Efficiency  Tests  of  a  One  Hundred  and  Twenty-five 

Horse-power  Gas  Engine."     C.  H.  Robertson. 
No.  949,  vol.  xxiii.,  p.  686:  ''  Temporaturt*  of  Exhaust  Gasns."     R.  H.  Femald. 
.  Na  950,  vol.  xxiii.,  p.  705:  "Working  Details  of  a  Gas  Engine  Test."     R.  H. 
Femald. 
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ous  factors  are  complicated,  too,  by  the  fact  that  a  change  in  one 
may  produce  a  change  in  several  others,  the  character  and  ex- 
tent of  which  will  depend  upon  the  circimistances  imposed. 

2.  The  difficulties  of  an  investigation  of  the  sort  here  reported 
may  be  better  appreciated,  perhaps,  when  it  is  known  that  no  very 
satisfactory  advance  in  the  problem  as  a  whole  was  made  until 
the  fourth  year  of  investigation.  In  the  attempt  during  the  fifth 
year  to  verify  the  results  of  the  fourth  a  number  of  contradic- 
tions were  met  which  necessitated  a  sixth  year's  work  in  order  to 
determine  which  of  the  two  previous  years'  records  should  be  ac- 
cepted.* 

Facilities  for  Making  Tests. 

3.  Thus  far  346  tests  have  been  run,  only  a  part  of  which  are 
reported  in  this  paper  All  have  been  made  upon  a  6J  x  16^ 
Otto  gas  engine  (Fig.  211)  rated  at  12  horse-power,  and  having  a 
normal  speed  of  270  revolutions  per  minute.  A  break  Spark  elec- 
tric igniter  is  used,  which  receives  its  current  through  a  sparking 
coil  from  a  5-cells  chemical  battery.  The  speed  is  controlled  by 
a  weighted  fly-ball  governor  acting  on  the  hit  and  miss  principle. 
By  using  a  series  of  different  governor  weights  the  speed  can  be 
varied  from  150  to  300  revolutions  per  minute. 

The  indicated  horse-power  of  the  engine  is  determined  by  means 

♦  The  tests  during  the  first  three  years  of  this  series  were  carried  out  under  the 
general  direction  of  Prof.  R.  A.  Smart,  while  those  of  the  last  three  years  has  been 
made  under  the  supervision  of  the  writer.  Great  credit  is  due  to  the  authors  of 
the  following  theses,  who  as  students  in  Purdue  University,  exhibited  much 
energy,  patience  and  skill  in  carrying  forward  the  details  of  observing,  recording 
nnd  reducing  the  data. 

"  The  Performance  of  a  Twelve -Horse-power  Otto  Gas  Engine  Using  Natural 
Gas."     A  thesis  by  E.  G.  Crozier,  B.S.,  '96. 

'*  The  Performance  of  a  Twclve-Horse-power  Otto  Gas  Engine  Using  Natural 
Gas."     A  thesis  by  W.  D.  Findley,  B.S.,  '98. 

"The  Performance  of  a  Twelve-Horse-power  Otto  Gas  Engine  Using  Natural 
Gas."    A  thesis  by  L.  L.  Johnson,  B.S.,  '99. 

"  A  Series  of  Tests  on  a  Twelve-Horse-power  Otto  Gas  Engine  under  Various 
Conditions."     A  thesis  by  R.  S.  Cobum,  B.S.,  and  A.  O.  Vandervoort,  B.S.,  '00. 

"  Tests  of  a  Twelve-Horse-power  Otto  Gas  Engine  to  Determine  the  Eflfect  of 
Changes  in  Speed,  Load,  Gas  Mixture,  Jacket  Temperature,  and  Ignition."  A 
thesis  by  Bruce  Rollman,  B.S.,  '01,  and  O.  Z.  House,  B.S.,  '01. 

"  A  Series  of  Tests  on  a  Twelve-Horse-power  Otto  Gas  Engine  to  Determine  the 
Effect  of  Clianges  in  Various  Factors."  Two  theses  by  E.  M.  May,  B.S.,  '02,  and 
R.  I.  Rhcinstrom,  B.S.,  '02. 


TK^iTB    OF   A    TWKLVK-llOlCSE-FOWER   GAB   ENGINE. 


1099 


of  a  Crosby  indicator  driven  from  a  pendulinn-reducing  motion. 
The  power  delivered  to  the  fly  wheel  is  absorbed  and  measured 
by  a  Prony  friellou  brake  connected  to  a  pendulum  weight,  wbi(ih 
13  so  calibrated  as  to  read  the  pull  in  pounds  at  the  end  of  the 
brake  arm.  The  engine  is  provided  with  separate  counters  for 
determining  the  number  of  reYohitions  and  the  number  of  explo- 
sions; the  former  by  connection  with  the  indicator  ringing,  and 


^ 


tf^  =*^ 


\ 


Fig.  21  L^- The  Engine  amj  rrs  EQUiPAiExr. 


the  latter  by  means  of  a  meebanism  receiving  iti  impulses  ivmw 
the  burnt  gases  as  they  escape  from  the  exhaust  pipe. 

4.  Katural  gas  is  used  in  all  tests,  its  heating  vahie  being  about 
970  British  thermal  units  per  cubic  foot  when  reduced  to  stand- 
ard conditon  of  14*7  pounds  pressure  and  62  degrees  Fahr.  tem- 
perature. It  is  measured  by  means  of  a  Westinghouse  wet  gaa 
irtetiH',  suitable  arrangements  being  provided  for  observing  the 
pressure  and  teui|)erature  of  the  gas  as  ilelivered  by  the  meter 
to  the  mixing  valve  of  the  engine.  The  mixing  valve  i,^  of  the 
phig-cock  type,  having  the  pointer  on  its  handle  swinging  over  an 
arc  graduated  in  notches,  so  as  to  read  from  zero  to  ten  in  going 
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from  llie  closed  to  full  open  position*  These  markings  have  no 
particular  signiticance  in  regard  to  the  propoi-tion  of  gas  to  air^ 
and  merely  indicate  the  degree  of  opening  of  the  valve. 

5<  Pro%^ision  was  made  for  determining  the  amount  of  air  con- 
sumed by  the  engine  during  certain  of  the  tests  by,  first,  provid- 
ing a  source  of  compressed  air  which  was  permitted  to  Mow  through 
a  small  orifice,  pre^^oxisly  calibrated,  into  a  large  rubber  bag, 
whence  it  was  conducted  by  a  short  1^-inch  pipe  line  to  the  base 
of  the  engine,  which  had  previously  been  made  air-tight,  and  was 
thus  caused  to  act  as  a  reservoir  from  which  the  engine  drew  its 
air  supply.  In  order  to  secure  the  same  condition  during  those 
tests  when  the  air  was  being  measured,  as  obtained  when  the  en- 
gine was  taking  its  air  by  suction  through  the  base,  a  small  water 
manometer  was  connected  to  the  base,  and  observations  made  of 
the  pressure  therein  when  the  engine  was  running  normally. 
When  the  tests  were  run  in  which  the  air  was  measured^  this 
manometer  served  a.s  a  guide  for  regulating  the  flow  of  air  to  the 
base  in  such  a  manner  as  to  secure  the  same  vacuum  as  was  ob- 
served when  the  engine  was  taking  its  air  by  suction.  In  order 
to  protect  the  rubber  air-regulating  bag  from  excessive  pressures, 
a  suitable  water-sealed  safety  valve  was  connected  to  the  l|-inch 
pipe  line.  A  gauge  and  thermometer  placed  3ust  above  the  ori- 
fice for  measuring  the  air  served  to  show  the  pressure  and  tem- 
perature, and  these,  with  the  data  of  a  previous  calibration  of  the 
orifice,  made  it  possible  to  determine  quite  exactly  the  amount  of 
air  used. 

6.  Thermometers  inserted  in  the  pipes  just  before  and  after 
the  openings  in  the  jacket  served  to  determine  its  initial  and  final 
temperature,  which  with  the  weight  of  water,  as  determined  by 
weighing  barrels  and  scales,  made  it  possible  to  calculate  the 
amount  of  heat  absorbed  by  the  jacket  of  the  engine. 


Tests. 


7.  The  data  Drcsented  in  this  Daner  are  a  Dart  of  those  secured 
during  the  fifth  and  sixth  years  of  the  investigation.  Through- 
out the  entire  set  of  each  year  two  persons  made  all  observations, 
each  test  lasting  fifteen  minutes,  with  time  between  to  allow  the 
conditions  to  become  constant.  Readiugs  were  taken  at  five 
minutes'  intervals,  A  summary  of  the  factors  investigated  is  as 
follows: 
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I.  Proportion  of  gas  to  air. 
n.  Jacket  temperature. 
m.  Time  of  ignition. 
TV.  Revolutions  per  minute. 
V.  Horse-power. 
A  graphic  outline  of  these  tests  arranged  so  as  to  show  each 
series  with  its  variables  and  constants  is  as  follows:  Each  "  X  " 
representing  a  test  and  the  coordinate  factors  opposite  it  showing 
the  condition  of  the  variable  factors  for  that  test,  while  the  con- 
stants of  the  series  are  stated  at  the  right. 


• 

Series  1.— Oh  Mixture  op  Gas  and  Air. 

9 

X 

XXX 
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X 

XXX 
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7 
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X 
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XXX 
XXX 

Constants. 
Revolutions  per  minute  =  270. 
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4 

X 
X 

X        X        X        X 

X        X        X        X        X 

Point  of  ignition  normal. 
Jacket  temperature  =  140°  F. 

i 

8 

X 

X        X        X        X        X 

.  2 

X 

X        X        X        X        X 

0 

2          4         6        8         10 

Brake  horse-power. 

Series  2.— On  Jacket  Tkmperature. 

h 

200 
160 

X 
X 

X        X        X        X        X 
X        X        X        X        X 

Constants. 
Revolutions  per  min.  =  270 

II 

120 
90 

X 
X 

X        X        X        X        X 
X        X        X        X        X 

Ignition  =  normal. 
Notch  =  3.5. 

0 

~   2          4         6         8         10 

Brake  liorse-])o\ver. 

8.  The  cooling  water  enters  the  jacket  at  the  bottom  and 
escapes  at  the  top.  Its  temperature  is  measured  just  before 
entering  and  just  aftpr  leaving  the  jacket.  The  average  tem- 
perature of  iho  jacket  mu'^t  have  been  somewhere  between  this 
initial  and  final  temperature,  and  probably  nearer  the  latter  than 
the  fonner.     In  the  absence  of  more  definite  information  on  this 
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point,  the  term  "  jacket  temperature  "  is  used  in  the  discussion  in 
the  sense  of  being  that  of  the  escaping  water. 


2  - 


Series  3. 

—On  Time 

OP  Ignition. 

Early.. 

X 

X 

X 

X        X 

X 

Comtants. 

Normal 

X 

X 

X 

X        X 

X 

Revolutions  =  270. 
Notch  =  8.5. 

Late... 
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X 

X 

X        X 

X 

Jacket  temperature  160^  F. 

0 

2 

4 

6         8 

10 

Brake  horse-power. 

9.  The  significance  of  the  terms  early,  normal,  and  late  ignition 
as  used  in  this  paper  is  suggested  by  Fig.  3.  In  early  ignition  the 
explosion  takes  place  considerably  before  the  end  of  the  compres- 
sion stroke,  and  gives  a  very  sharp  peak  on  the  indicator  diagram, 
the  explosion  line  making  an  angle  of  about  10  degrees  with  the 
vertical.  With  normal  ignition  the  explosion  takes  place  slightly 
•  before  the  end  of  the  compression  stroke,  so  as  to  give  as  nearly  as 
possible  a  vertical  explosion  line.  In  late  ignition  the  explosion 
occurs  either  at  or  just  after  the  end  of  the  compression  stroke, 
and  gives  an  explosion  line  that  slopes  forward  from  the  vertical, 
making  an  angle  of  about  18  degrees. 


Series  4.— On  Revolutions  per  Minute. 
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Observed  and  Calculated  Results. 


10.  In  cacli  test  the  following  observations  were  taken:  Revolu- 
tion per  minute,  explosion  per  iiiinutc,  brake  load,  indicator  cards, 
weight  of  jacket  water,  initial  and  final  temperature  of  jacket 
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water,  temperature,  pressure  and  amount  of  gas  consumed,  and 
the  barometric  pressure. 

With  these  data  it  became  possible  to  calculate  the  following 
factors: 

Mean  eflFective  pressure. 

Indicated  horse-power. 

Brake  horse-power. 

Frictional  horse-power. 

Mechanical  efficiency. 

Gas  per  indicated  and  per  brake  horse-power  per  hour. 

Thermal  efficiency  based  on  indicated  and  on  brake  horse-power. 

Amount  and  percentage  of  heat  absorbed  by  the  jacket  and  by 
exhaust  and  radiation. 


Constants  and  Formulce. 

11.  The  constants  employed  in  connection  with  the  averagea 
tralues  of  observed  results  (not  given)  are  as  follows : 
•    The  piston  is  6|  inches  in  diameter,  and  has  a  stroke  of  IS^V 
inches. 

The  clearance  is  35.2  per  cent,  of  piston  displacement,  or  26 
per  cent,  of  cylinder  volume. 

Normal  speed,  270  revolutions  per  minute. 

Heat  value  of  the  gas  is  970  British  thermal  units  per  cubic 
foot  standard  gas. 

Standard  gas  is  gas  at  a  pressure  14.7  pounds  absolute  per 
square  inch,  and  at  a  temperature  62  degrees  Fahr. 

Brake  horse-power  is  .00633  multiplied  by  revolutions  per 
minute  multiplied  by  brake  load. 

Indicated  horse-power  is  .001395  multiplied  by  explosions  per 
minute  multiplied  by  mean  effective  pressure. 

Thermal  efficiency  is  the  heat  equivalent  of  the  horse-power 
divided  by  the  total  heat  to  produce  that  horse-power,  and  is  based 
upon  the  brake  horse-power  and  indicated  horse-power  perform- 
ances respectively. 

The  hiechanical  efficiency  is  the  brake  horse-power  divided  by 
the  indicated  horse-power. 

The  heat  lost  due  to  exhaust  and  radiation  is  the  total  heat 
less  (the  sum  of  the  heat  equivalent  of  the  brake  horse-power  and 
the  heat  absorbed  by  jacket  water). 
71 
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Jtt\stf/tft. 

12.  The  results  of  the  tests  are  in  part  presented  in  the  form  of 
indicator  Oiirds,  Kigs.  :il'2  to  215  inclusive,  and  in  ])art  in  the  form 
of  plotted  (hagianis,  iMiJCs.  :^1()  to  l*:^1,  incdusive. 

Concerning  Air  and  Gas  Mixture  Series. 

13.  It  is  very  much  to  be  regretted  that  tlie  series  of  tests  con- 
cerning the  eifect  of  change  in  the  proportion  of  gas  to  air  have 
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\^ 


Fig  213. —  Tndicatoh  Cahds  Kepiikskntino  Series  3, 

Showing  change's  in  the  form  of  th«*  card  n 'suiting  fr(»nri  oliangc^s  in  the 

tinn"  of  ip:nition. 


not  proven  as  satisfactory  as  was  desired.  On  this  account  the 
data  on  that  subject  will  be  r('^5ervc'd  for  future  consideration 
after  some  points  on  a  part  of  the  eurvi^s  liave  been  reinvesti- 
gated. This  is  so  important  a  factor,  however,  and  has  such  a 
definite  bearing  upon  the  effect  of  other  factors,  that  it  is  neccs- 
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sary  to  present  some  conclusions  concerning  it  to  serve  as  a  basis 
from  which  to  explain  the  effect  of  changes  in  some  other  of  the 
main  factors  of  the  investigation.  These  conclusions  are  based 
upon  the  curves  shown  in  Fig.  222,  which  curves  were  plotted 
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Fig.  214. —  Indicator  Cards  Representing  Series  4, 
Showing  changes  in  the  form  of  the  card  resulting  from  changes  in  speed. 

from  the  data  of  the  sixth  year's  work,  and  which  show  the  re- 
lation between  the  notch  of  the  mixing  value  and  the  ratio  of  gas 
to  air  for  the  horse-powers  of  0,  2,  and  4. 

The  curves  show: 

First.  At  a  given  notch,  speed,  jacket  temperature,  and  point 
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of  ignition,  that  the  ratio  of  gas  to  air  decreases  as  the  horse- 
power is  increased. 

Second.  The  effect  of  a  given  change  in  the  position  of  mixing 


Fio.  215. —  Indicator  Cards  Kepresentino  Series  4  (.(,'ombined), 
Showing  changes  in  the  form  of  the  card  n'siilting  from  changes  in  speed. 

valve  upon  the  ratio  of  gas  to  air  is  very  much  more  marked  at  the 
lower  than  at  the  higher  notches. 

14.  From  the  other  data  of  tliis  sorios  it  has  boon  found  that 
th^  notch  at  which  the  mixinir  valve  is  set  is  an  important  factor 
in  the  gas  economy  of  the  engine,  that  a  change  of  its  position 


1108 


TESTS   OF   A   TWELVE-UORSE-POWER  GAS   EXQINE. 


has  a  marked  influence  upon  mean  eflFective  pressure,  and  that 
the  extent  and  character  of  this  influence  is  diflFerent  for  diiferent 
horse-powers,  that  on  an  average  the  engine  runs  with  the  greatest 
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jacket,  speed,  and  horse-power. 

economy  if  the  mixing  valve  is  at  notch  3^,  and  that  an  increase 
of  horse-power  necessitates  a  slight  decrease  in  the  notch  position 
to  secure  the  highest  economy.  The  change  of  mean  effective 
pressure  produced  by  a  change  in  the  setting  of  the  gas  valve  is 
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As  afifocted  by  changes  in  timo  of  ignition,  tcniperaturc  of 

jackets,  six^od,  and  horse-powcr. 

accompanied  by  a  change  in  mechanical  efficiency.  In  all  tests 
in  which  other  factors  than  ratio  of  gas  to  air  was  being  consiJ- 
fered,  the  mixing  valve  was  kept  at  this  best  averages  notch  of  3:V. 

A.   Graphh'itl  PrcRfniitt'uni  of  I?rsiflfti  iiud  Ctmcluslohfi 

15.  In  con>i<l<'riiig  Kigs.  iMtl  to  I'lM,  it  shniiM  be  rciiiciiilxM-cd 
that  at  best  it  i.-^  j)()s>ible  to  show  the  relation  l>ut\V(M'u  a   main 
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factor  and  a  subordinate  factor  only  by  adopting  some  expedient 
which  will  show  the  value  of  one  of  the  other  main  factors,  upon 


J  ic:.  218. —  Gas  Consumption  for  the  Test  and  per  Indicated  Horse- 
power PER  Hour 
As  affectt'd  by  changes  in  the  time  of  ignition,  temperature  of 
jacket,  speed,  and  horse-power. 

wliich  in  no  sinjill  measure  the  relations  of  the  first  two  depend — 
thiit  is  to  say,  if  it  is  desired  to  show  the  effect  of  changes  of  tlie 
j)oint  of  ignition  upon  the  mean  effective  pressure,  it  is  important" 
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that  the  horse-power  of  the  engine  be  kept  constant.    Preferably, 
this  should  be  the  indicated  horse-power,  but  as  it  is  practically 
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Fio.  219. —  Standard  Gas  per  Brake  Horse-power  and  Thermal  Efpiciency 

Aa  affected  by  changes  in  time  of  ignition,  temperature  of  jacket,  speed, 

and  horse-power. 

impossible  to  secure  and  observe  such  a  condition,  the  tests  were 
run  on  the  basis  of  a  series  of  eoustant  brake  h<)rse-])owers. 

In  Figs.  21()  to  221  each  curve  in  the  three  uj)])er  portions  of 
the  diagrams  rei)resents  a  constant  brake  horse-j)ower,  the  value 
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of  the  power  bein<r  iii<lirato(l  by  the  note  of  reference  at  the  left. 
In  tlie  lower  portion?  of  the  diagrams  each  curve  represents  a  eon- 
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Fig.  220. —  Theoretical  Efficiency  and  Pef{  Cent,  of  Heat 

Absoubed  by  Jacket. 

As  affected  by  changes  in  time  of  ip:nition,  temperature 

of  spf*ed  and  horse-powrr. 


ptant  tcnipernfnrc  (►f  jnckcf.  Wliilo  it  is  ol(»ar  that  comparisons 
lu'twcon  tlu'  sc^vcral  <liaiirams  \y\\]  jxTinit  tlic  construction  of 
curves  sliowiiig  rchilions  other  tlian  (hose  which  arc^  presented,  it 


TESTS   OF   A  TWELVE-nOKSE-POWER  GAS  ENGINE. 


1113 


is  nevertheless  believed  that  .the  diagrams  as  given  eonstitnte  a 
complete  record  of  the  experimental  results,  and  for  this  reason 
the  usual- array  of  numerical  results  is  entirely  omitted. 

Conclusions  Concerning  the  Effect  of  Changes  in  the  Point  of 

Ignition. 

16.  By  referring  to  the  curves  it  may  be  seen  that  the  mean 
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effective  pressure  for  early  ignition  is  considerably  less  than  for 
normal,  which  in  turn  is  better  than  for  late.  The  shape  of  the 
curves  indicates  two  things:  first,  that  the  highest  mean  effective 
pressure  is  secured  between  normal  and  late,  and  probably  con- 
siderably closer  to  the  former  than  the  latter;  and,  second,  that 
an  increase  of  horse-power  calls  for  a  later  point  of  ignition  if 
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Fig.  222. — Position  op  Mixing  Valve  and  Ratio  op  Gas  to  Air. 


the  highest  mean  effective  pressure  is  to  be  secured.  It  may  also 
be  observed  from  the  curves  6\,  Fig.  217,  designated  "  frictional 
horse-power,"  that  the  early  ignition  causes  a  considerable  increase 
in  frictional  horse-power.  Since  these  curves  are  all  drawn  at  con- 
stant horse-powers,  this  means  a  decrease  in  mechanical  efficiency, 
as  shown  in  the  curves  />i.  Fig.  217. 

17.  This  results  in  the  necessity  of  an  increase  of  the  number 
of  explosions  per  ininiite,  curves  fix*  Fig.  21(>,  to  carry  the  horse- 
powers as  designated,  and  consequently  an  increase  in  the. gas 
consumed  per  fifteen  minutes  \)vr  indicated  and  per  brake  horse- 
power per  hour,  as  shown  by  ^i,  i^i,  and   Gyy  respectively.  Figs. 
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218  and  219.  These  gas  consumption  records  mean,  of  course,  a 
decrease  in  thermal  efficency  based  upon  both  the  indicated  and 
the  brake  horse-powers,  as  shown  by  Hx  and  Z,,  Figs.  219  and 
220.  The  decrease  in  efficiency  is  considerably  based  upon  both 
the  indicated  and  the  brake  horse-powers,  as  greater  at  the  lower 
and  higher  horse-powers  of  zero  and  10  than  it  is  for  the  medium 
horse-powers  6  and  8. 

18.  From  the  curves  J  and  K  shown,  w^e  note  two  conclusions : 
first,  that  on  the  average  the  late  ignition  is  better  than  the  normal, 
and  considerably  better  than  early;  second,  that  the  best  point  of 
ignition  is  probably  between  normal  and  late,  and  closer  to  the 
latter  than  to  the  former. 

The  net  change  in  the  amount  of  heat  absorbed  by  the  jacket 
and  in  exhaust  and  radiation  in  passing  from  normal  to  late  igni- 
tion, the  sum  of  which  on  an  average  amounts  to  an  increase  of 
1.66  per  cent.,  is  probably  due  in  part  to  the  increase  in  the  fric- 
tional  horse-power,  which  on  the  average  increases  1.61  per  cent. 
It  is  to  be  regretted  that  the  series  was  not  continued  with  the 
stiH  later  ignition  for  each  of  the  horse-powers.  The  object  of 
the  investigation,  however,  was  to  find  that  point  which  would 
give  the  best  performance. 

Conchmons  Concerning  Changes  in  Ja<iket  Temperatures, 

19.  By  referring  to  the  sets  of  curves  opposite  the  jacket  tem- 
perature scale,  it  is  seen  that  for  all  horse-powers  excepting  10 
an  increase  in  jacket  temperature  produces  a  decrease  in  the*  mean 
effective  pressure,  and  that  this  effect  is  more  marked  at  low  than 
at  high  horse-i)owers,  ^2,  Fig.  210.  Xot withstanding  this  d(»crease 
in  mean  effective  pressure,  the  engine  recpiires  f(»wor  (»x])losions  per 
minute  at  the  high  jacket  temperature  to  carry  th(»  horse  powers, 
as  is  show^n  by  the  next  curves,  7?2,  Fig.  210.  This  is  explained 
mainly  by  the  next  set  of  curves,  62,  Fig.  217,  which  shows  that  the 
increased  jacket  temperature  produces  a  very  marked  decrease  in 
frictional  horse-powers,  which  on  an  average  is  represented  by  the 
following  formula : 

in  which  F.H.P.  —  Frictional  horsci-power, 

/  =  Jacket  tenipenitnre  ""  F. 
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20.  The  curves  B2  and  C2  indicate,  of  course,  that  the  mechan- 
ical efficiency  is  increased,  and  that  the  gas  per  fifteen  minutes  to 
carry  these  horse-powers  is  decreased,  as  is  illustrated  by  curves 
D'i  and  E^,  The  decrease  of  frictional  horse-power  due  to  in- 
crease of  temperature  of  jacket  from  90  to  200  degrees  is  (1.27), 
and  the  corresponding  increase  in  mechanical  efficiency  is  8.9  per 
cent. 

By  dividing  the  gas  per  fifteen  minutes  by  the  explosions  in 
that  time,  it  is  found  that  the  increase  in  jacket  temperature  is 
accompanied  by  an  increase  in  the  amount  of  gas  per  explosion, 
thus  showing  that  the  decreased  mean  effective  pressure  is  not 
due  to  a  decrease  in  the  amount  of  gas.  This  means,  of  course, 
that  the  economy  based  upon  the  cylinder  performance  is  im- 
paired by  the  increase  in  jacket  temperature.  It  is  of  interest  to 
observe  that  the  decrease  in  explosion  per  minute  must  result  in 
an  increased  scavenging  effect  due  to  blank  charges  of  air,  which 
it  would  seem  should  tend  to  produce  an  increase  in  the  mean 
effective  pressure.  Possibly  the  change  of  jacket  temperature 
causes  a  change  in  the  proportion  of  gas  to  air  sufficient  to  ac- 
count for  the  decrease  in  mean  effective  pressurrf.  The  increase 
in  gas  per  indicated  horse-power  per  hour  is  shown  by  curves  F^^ 
yig.  218,  while  the  gas  per  brake  horse-power  per  hour,  curves  G^^ 
Fig.  217,  is  seen  to  decrease.  This  is  a  good  illustration,  of  which 
there  are  a  number  in  the  investigation  of  a  conflict  of  interests 
between  mechanical  and  thermal  considerations.  The  increased 
jacket  temperature  produces  a  decreased  mean  effective  pressure 
and  an  increase  in  the  gas  per  indicated  horse-power  per  hour,  but 
notwithstanding  these  disadvantages,  the  increased  temperature  is 
so  beneficial  from  the  mechanical  standpoint  in  decreased  fric- 
tion that  the  gas  per  brake  horse-power  per  hour  and  the  thermal 
efficiency  based  upon  the  same  show  a  considerable  improvement. 

21.  Pasr^ing  to  the  next  set  of  curvets,  •/,,  Fig,  210,  showing  the 
per  cent,  of  heat  absorbed  by  tlie  jacket,  it  is  scm'u  in  general,  and 
as  might  be  expected,  that  i\\\  increas(»  in  jacket  tciniperature  pro- 
duces a  decrease  in  the  amount  of  heat  al)sorl)C(l  l)y  the  jacket.  The 
curves  /lij,  Fig.  220,  sliow  on  thi^  average  tliat  the  increase  in 
jacket  tcMuperaturc  causes  an  increase  in  tlic  percentage  of  heat 
exhausted  and  radiated.  These*  two  latter  factors  are  considerably 
atTecie<l  l)y  tlie  decrease  in  friction,  as  sliown  by  curves  C-^. 

Under  certain  circumstances  it  may  be  that  the  saving  of 
jacket  water  by  using  a  hicrh  temperature  of  discharge  may  be 
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an  important  factor.  This  saving  of  water  may  be  no  small 
amount.  Take,  for  illustration,  the  ease  of  the  engine  carrying 
6  horse-power,  with  a  jacket  temperature  of  200  degrees  66.5 
pounds  of  water  were  used,  while  at  90  degrees  337  pounds  were 
required.  The  higher  temperature  thus  requiring  but  .2  as  much 
water  as  the  lower. 

CondvMons  (Joncemhig  the  Effect  of  Changes  in  Speed. 

22.  The  sets  of  curves  next  below  those  just  considered,  and 
designated  by  the  subscript  3,  show  the  effect  of  changes  in  revolu- 
tions per  minute.  The  first  result  we  notice  of  an  increase  in 
speed  from  150  to  300  revolutions  per  minute  is  a  marked  increase 
in  the  mean  effective  pressure.  The  curves  concerning  this  factor 
are  somewhat  irregular,  but  the  fact  that  in  all  sets  they  are  in 
the  main  parallel,  indicates  that  the  irregularity  is  in  some  way 
dependent  upon  the  changes  in  speed.  This  increase  in  mean 
effective  pressure  is  most  marked  at  the  higher  horse-powers,  where 
it  amounts  to  an  increase  of  7  pounds  when  changing  from  232  to 
298  revolutions  per  minute. 

Notwithstanding  the  increase  of  mean  effective  pressure  at  a 
given  horse-power,  the  number  of  explosions  to  carry  that  horse- 
power is  seen  by  the  curves  B^  to  increase  with  the  speed.  The 
need  of  this  increase  is  at  once  explained,  however,  by  glancing 
at  the  curves  Cz  showing  the  effect  upon  frictional  horse-power, 
where  it  is  found  that  an  increase  of  speed  from  150  to  270  causes 
an  increase  in  frictional  horse-power  from  1.10  to  3.39. 

23.  The  curves  may  look  somewhat  irregular  at  first  glance, 
but  because  of  the  difficulty  generally  experienced  in  determin- 
ing frictional  horse-po\v(^r,  it  is  l)olieved  that  they  are  quite  satis- 
factory. The  narrow  band  in  which  all  (excepting  the  highest 
speed  points  are  contained  indicates  iiniisnal  agreement,  and  in- 
dicates further  that  the  amount  of  energy  absorbed  in  friction  . 
under  constant  ignition,  jack(»t  t(»niperature,  and  speed  is  nearly 
the  same  at  all  horse-powers. 

24.  Another  interesting  eonelnsion  is  evident  from  a  considera- 
tion of  the  shape  of  the  curves.  Xegleeting  th(»  two  points  at 
6  and  8  horse-powers  and  at  300  revolutions  p(M'  minute,  this 
group  has  quite  a  decided  bend  in  which  th(^  concavity  is  down- 
ward. Now  since  tlie  frictional  horse-power  is  made  up  of  energy 
in  which  the  two  factors  are   resistance,  and  distance  through 
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which  the  resistance  is  overcome,  and  since  the  amount  of  this 
energy  is  proportional  to  each  of  these  factors,  and  since,  further, 
the  vertical  scale  of  speed  represents  also  the  distance  overcome, 
the  departure  from  a  straight  line  indicates  a  change  in  the  re- 
sistance factor;  in  this  case  an  increase.  In  other  words,  the  in- 
crease in  speed  causes  an  increase  of  frictional  horse-power  be- 
cause of  an  increase  of  resistance  to  motion,  and  because  of  an 
increase  in  the  distance  through  which  this  resistance  had  to  be 
overcome. 

25.  The  decrease  in  mechanical  efficiency  resulting  from  this 
increase  in  speed  is  greater  at  low  horse-powers  than  at  high. 
The  decrease  due  to  the  change  from  150  to  300  revolutions  per 
minute  varying  from  87  per  cent,  to  65  per  cent,  for  the  six  horse- 
power, and  from  62  per  cent,  to  34  per  cent,  for  the  two  horse- 
power. The  average  decrease  in  mechanical  efficiency,  as  shown 
by  the  three  curves  representing  2,  4  and  6  horse-power  respect- 
ively, is  24  per  cent.  Assuming  that  the  general  trend  of  the 
curves  may  be  represented  approximately  by  a  straight  line,  the 
relation  between  mechanical  efficiency  and  revolutions  per  minute 
is  represented  by  the  following  straight-line  equation : 

F.IT.P.  =  ™v-J7 

in  which  F.II.P    =  Frictional  horse-power, 

R.P.M.  =  Revolutions  per  minute. 

The  increase  in  the  amount  of  gas  per  fifteen  minutes  is  due 
to  two  things:  first,  an  increase  in  the  number  of  explosions  per 
minute  to  carry  the  different  horse-powers;  and,  second,  to  an 
increase  in  the  amount  of  gas  per  explosion,  as  is  shown  by  divid- 
ing the  amount  of  gas  by  the  number  of  explosions  at  the  highest 
and  lowest  speeds  respectively. 

lid.  A  glnnce  at  tlie  next  curves,  7^<{,  Fig,  2l8,in(lieates  the  effect 
of  this  speed  elinnge  u])on  the  standard  gas  per  indicated  horse- 
]^o\v(*r,and  sliows  that  tlie  increased  speed  is  a  decided  disadvantage 
from  the  standpoint  of  cylinder  performance.  This  means,  as  noted 
before,  that  though  an  increased  speed  resulted  in  an  increase  in 
mean  effective  pressure,  this  increase  is  not  as  great  proportion- 
jillv  as  the  increase  of  gas  admitted  into  the  cylinder  per  explosion. 

Tlio  increase  in  gas  per  indicated  horse-power,  and  the  decreased 
mechanical  efficiency  due  to  increased  friction  means,  of  course, 
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a  still  more  marked  increase  in  the  gas  per  brake  horse-power  per 
liour,  which  is  illustrated  by  the  curves  G^y  Fig.  219.  The  increase 
in  gas  per  brake  horse-power  per  hour  at  the  lower  horse-powers 
is  much  more  marked,  as  shown  by  the  increased  slant  of  the 
curves  for  the  lower  as  compared  with,  these  at  the  higher  powers. 
27.  By  referring  to  the  curves  J^  and  ^,  Figs.  220  and  221, 
showing  the  jacket  loss  and  the  exhaust  and  radiation  losses,  it  is 
seen  that  an  increased  speed  produces  a  marked  decrease  in  the 
heat  absorbed  by  the  jacket,  but  a  greater  increase  in  the  amount 
exhausted  and  radiated.  The  effect  upon  these  two  factors  of  the 
accompanying  increased  frictional  horse-power  is  probably  that  it 
tends  to  oppose  the  decrease  in  jacket  loss  and  to  exaggerate  the 
exhaust  and  radiation  losses. 


Conclusions  Concerning  the  Effect  of  Chcmges  in  Brake  Horse- 

Power, 

28.  In  a  consideration  of  the  curves  showing  the  effect  of 
changes  in  brake  horse-power,  which  are  designated  by  the  sub- 
script 4,  it  should  be  remembered  that  the  characters  on  the  curves 
now  represent  constant  jacket  temperature  rather  than  constant 
horse-power  as  previously.  It  will  be  of  interest  first  to  note  that 
an  increase  of  power  is  attended  by  a  decrease  of  mean  effective 
pressure  (/I4,  Fi^.  210).  The  increase  in  horse-power  is  secured, 
mainly,  of  courses,  by  an  increase  in  the  explosions  per  minute. 
This  increase  of  explosions  per  minute  means  a  decrease  in  the 
scavenging  effect  of  blank  charges  of  air  drawn  through  the 
engine,  and  in  no  small  measure  this  decrease  of  mean  effective 
pressure  is  probably  due  to  the  decreased  scavenging.  As  before 
noted,  a  change  in  horse-power  at  constant  notch  of  the  mixing 
valve  produces  a  change  in  the  proportion  of  gas  to  air,  and  this 
doubtless  has  considerable  effect  on  the  change  in  mean  effective 
pressure. 

The  effect  of  increased  horse-power  upon  the  frictional  horse- 
power is  to  show  an  increase  in  friction  from  zero  to  about  3 
horse-power,  after  which  an  increase  in  horse-power  shows  a  con- 
siderable decrease  in  friction.  This  decrease  in  frictional  horse- 
power for  all  of  the  higher  horse-powers,  and,  in  fact,  from  2 
horse-power  up,  taken  in  connection  with  the  increase  in  brake 
horse-power,  means  a  marked  increase  in  mechanical  efficiency. 

73 
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The  highest  reached  is  87  per  cent,  for  the  curve  which  repreiaents 
the  200-degTCc  jacket  temperature  {dy  Fig.  217). 

29.  Since  the  frictionar  horse-power  is  made  up  of  two  factors, 
resistance  and  the  distance  through  which  the  resistance  is  over- 
come, and  since  the  speed  or  distance  passed  over  in  this  series  is 
constant,  this  change  in  frictional  horse-power  must  be  due  to  a 
change  in  the  resistance. 

The  factors  that  probably  tend  to  increase  the  resistance  are 
the  increased  pressure  on  bearings  and  the  increased  time  that  it 
is  applied.  The  principal  factor  that  it  is  thought  may  decrease 
the  Resistance  is  the  decrease  in  piston  friction,  due  to  a  higher 
temperature  of  the  cylinder  lubricant,  because  of,  first,  its  in- 
creased time  of  contact  with  heated  gases;  second,  the  decreased 
contact  with  cool  air  due  to  fewer  blank  charges;  and,  third,  due 
to  the  cylinder  lubricant  being  the  highway  through  which  passes 
a  greater  amount  of  heat  to  the  jacket  wall  as  the  horse-power 
increases. 

Since  all  of  the  factors  at  constant  speed  and  ignition  that  go 
to  make  up  friction  is  seen  to  be  plainly  subordinate  to  the  jacket 
temperature,  as  shown  by  the  curves  under  that  variable,  it  is 
suggested  that  the  decrease  of  friction  due  to  increased  horse- 
power is  due  mainly  to  the  supposed  increase  in  the  temperature 
of  the  cylinder  lubricant. 

30.  Tlie  curves  showing  the  relation  between  the  horse-power 
and  the  standard  gas  per  indicated  horse-power  per  hour,  show 
that  on  the  average  the  best  performance  is  at  6  horse-power. 
Any  change  above  or  below  this  power  shows  an  increase  in  gas 
consumption.  From  a  consideration  of  the  gas  per  brake  horse- 
power hour,  it  at  once  appears  that  the  increase  in  mechanical 
efficiency  with  an  increase  in  horse-power  is  so  great  as  to  cause 
a  continual  improvement  in  the  gas  per  brake  horse-power  per 
hour  as  the  horse-power  is  increased.  It  thus  turns  out  that  the 
point  of  maximum  efficiency  based  upon  indicated  horse-power 
is  at  6,  while  from  the  standpoint  of  brake  horse-power,  its 
highest  efficionoy  is  found  to  be  at  the  highest  horse-power  that 
the  engine  will  carry. 

From  curves  •/j  and  Kj^  it  is  seen  in  general  that  an  increase  in 
horse-pow(T  produces  an  increase  in  percentage  of  heat  absorbed 
by  the  jacket,  and  a  decrease  in  the  heat  exhausted  and  radiated. 
It  is  surprising,  however,  that  these  changes  are  both  very  much 
more  marked  at  high  than  at  low-jacket  temperature. 
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Summary  of  Conclusions. 

31.  Katio  of  gas  to  air  series : 

I.  At  a  given  notch  of  the  mixing  valve  a  change  in  horse- 
power causes  a  change  in  the  ratio  of  gas  to  air. 

II.  The  effect  of  a  given  change  in  the  position  of  the 
mixing  valve  upon  the  ratio  of  gas  to  air  is  much  more 
marked  at  the  lower  than  at  the  higher  notches. 

m.  The  notch  at  which  the  gas  valve  is  set  is  an  im- 
portant factor  in  the  gas  economy  of  the  engine. 

IV.  A  change  in  the  notch  of  the  gas  valve  has  a  marked 
influence  upon  the  mean  effective  pressure,  the  extent  and 
character  of  which  is  different  at  different  horse-powers. 

V.  On  an  average  the  engine  runs  with  the  greatest 
economy  at  notch  3^,  and  an  increase  in  horse-power  neces- 
sitates a  slight  decrease  in  the  notch  position  to  secure  the 
best  economy. 

32.  Point  of  Ignition  series : 

I.  The  point  of  ignition  has  a  marked  influence  upon  the 
mean  effective  pressure. 

n.  The  highest  mean  effective  pressure  is  secured  by  an 
ignition  at  a  point  designated  as  between  normal  and  late, 
and  nearer  the  former  than  the  latter. 

III.  An  increase  of  horse-power  calls  for  a  retarding 
of  the  point  of  ignition  to  secure  a  maximum  mean  effec- 
tive pressure. 

IV.  The  engine  runs  with  the  least  amount  of  friction 
and  the  highest  mechanical  efficiency  with  the  point  of 
ignition  between  "  normal  "  and  "  late." 

V.  From  the  standpoint  of  the  brake  horse-power,  the 
lowest  gas  consumption  and  the  highest  thermal  efficiency 
are  secured  with  the  late  ignition. 

33.  Jacket  temperature  series : 

I.  At  all  horse-powers  excepting  the  highest,  an  in- 
crease in  jacket  temperature  is  necompani'^d  by  a  decreases 
in  the  mean  effective  pressure. 

II.  The  increase  in  the  jacket  temperature  from  90  de- 
grees to  200  dcirrees  results  in  o  decrease  of  friction al 
horse-power  from  3.88  to  2.01,  or  a  net  change  of  1.27 
horse-power.  This  results  in  an  increase  in  mechanical 
efficiency  from  57.3  per  cent,  to  66.1  per  cent.,  or  a  net 
gain  of  8.9  per  cent. 
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in.  The  increase  in  jacket  temperature  causes  an  in- 
crease in  the  gas  per  indicated  horse-power  per  hour  from 
15.5  cubic  feet  to  16.4,  or  a  net  increase  of  1.27  cubic  feet. 

IV.  The  increase  in  jacket  temperature  is  so  beneficial 
from  a  mechanical  standpoint  in  decreased  friction  as  to 
cause  a  decrease  in  the  gas  per  brake  horse-power  per  hour 
from  28.86  to  26.17,  or  a  decrease  of  2.69  cubic  feet. 

V.  The  change  in  gas  consumptions  noted  in  III.,  due 
to  a  change  in  jacket  temperature  from  90  degrees  to  200 
degrees,  results  in  a  change  in  thermal  efficiency  based  upon 
indicated  horse-power  from  17.38  to  16.06,  a  decrease  of 
1.32  per  cent.,  and  based  upon  brake  horse-power  from 
9.76  to  10.75,  an  increase  of  about  1  per  cent. 

VI.  The  increase  in  jacket  temperature  considerably  ef- 
fects the  per  cent,  of  heat  absorbed  by  the  jacket  and  the  per 
cent,  exhausted  and  radiated.  The  effect  on  these  factors  is 
different  at  different  horse-powers,  and  in  brief  is  as  fol- 
lows: The  increase  in  temperature  at  first  causes  an  increase 
in  the  jacket  loss  and  a  decrease  in  the  exhaust  and  radia- 
tion loss.  In  a  general  way,  however,  the  increase  in 
jacket  temperature  causes  a  decrease  in  jacket  and  an  in- 
crease in  exhaust  and  radiation  losses. 

34.  Speed  series : 

I.  An  increase  in  speed  results  in  an  increase  in  the 
amount  of  gas  per  explosion,  an  increase  in  the  mean 
effective  pressure,  and  an  increase  in  the  explosions  per 
minute  at  a  constant  brake  horse-power. 

II.  The  increase  in  gas  per  explosion  is  greater  pro- 
portionally than  the  increase  in  mean  effective  pressure, 
and  therefore  results  in  an  increase  in  the  gas  per  indicated 
horse-power  per  hour,  and  a  corresponding  decrease  in  the 
thermal  efficiency  based  upon  gas  per  indicated  horse-power 
per  hour. 

TIT.  The  increase  speed  from  150  to  300  revolutions 
per  minute  causes  an  increase  in  frictional  horse-power 
from  1.19  to  3.39,  or  a  net  increase  of  2.20,  and  on  the 
average  a  decrease  in  mechanical  efficiency  of  24.8  per  cent. 

IV.  The  increase  in  frictional  horse-power  with  increased 
speed  is  due  mainly  to  the  increased  distance  through 
which  the  frictional  resistances  are  overcome,  but  in  part 
to  a  slight  increase  in  the  resistances. 
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V,  The  increase  in  speed  results  in  an  increase  in  the 
gas  per  brake  horse-power  per  hour,  and  a  corresponding 
decrease  in  the  thermal  efficiency  based  upon  brake  horse- 
power. The  reasons  for  this  may  be  found  in  11.  and  III. 
above.  These  changes  in  gas  consumption  and  in  efficiency 
are  much  more  marked  at  low  than  at  high  horse-powers, 
because  of  the  much  lower  mechanical  efficiency  at  the 
lower  horse-powers. 

VI.  The  increase  in  speed  caused  a  marked  decrease  in 
the  per  cent,  of  heat  absorbed  by  the  jacket,  and  an  in- 
crease in  the  per  cent,  exhausted  and  radiated.  . 

35.  Brake  horse-power  series : 

I.  An  increase  in  brake  horse-power  from  0  to  10  causes 
a  decrease  in  mean  effective  pressure  from  93.86  to  82.29, 
or  a  decrease  of  11.57  pounds. 

n.  An  increase  in  brake  horse-power  causes  at  first  a 
slight  increase  in  the  frictional  horse-powers,  and  then  a 
considerable  decrease,  which  effect  is  more  marked  at  high 
than  at  low  jacket  temperature. 

m.  The  increase  in  brake  horse-power  from  2  to  10 
causes  an  average  increase  in  mechanical  efficiency  from 
36.67  to  78.55,  or  a  gain  of  41.88  per  cent. 

IV.  From  the  standpoint  of  the  indicated  horse-power, 
the  lowest  gas  consumption  and  the  highest  thermal  effi- 
ciency is  neither  at  the  highest  or  lowest  horse-power,  but 
at  a  point  about  .6  of  the  maximum. 

V.  For  the  same  factors  as  mentioned  in  IV.  from  a 
braise  horse-power  standpoint,  the  best  results  are  secured 
at  the  maximum  horse-power  of  the  engine. 

VI.  An  increase  in  horse-power  causes  an  increase  in 
the  jacket  loss  and  a  decrease  in  the  exhaust  and  radiation 
losses.  This  change  is  more  marked  at  high  than  at  low 
jacket  temperature. 

36.  In  general : 

I.  From  the  standpoint  of  the  indicated  horse-power, 
the  lowest  gas  consumption  and  the  highest  thermal  effi- 
ciency are  secured  under  the  following  conditons:  Igni- 
tion between  normal  and  late,  jacket  temperature,  the 
lowest  used,  or  90  degrees;  speed,  the  lowest  tried,  or  150 
revolutions  per  minute;  brake  horse-power,  at  about  .G 
the  normal  capacity  of  the  engine. 
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II.  From  the  practical  standpoint  of  gas  economy  and 
thermal  eflSciency  based  uppn  brake  horse-power,  the  f Fic- 
tional horse-power  is  an  exceedingly  important  factor, 
being  in  many  cases  sufficient  to  more  than  counterbalance 
decided  thermal  disadvantages.  The  lowest  frictional 
horse-power,  and  the  highest  mechanical  efficiency  are 
secured  with  late  ignition,  high  jacket  temperature,  low 
speed,  and  the  highest  horse-powers  available  under  the 
conditions  thus  defined. 

in.  The  importance  of  friction  as  a  factor  in  realizing 
high  thermal  efficiency  based  upon  brake  horse-power,  is 
emphasized  by  the  fact  that  the  highest  efficiency  is  secured 
under  substantially  the  same  conditions  as  specified  in  H. 
for  obtaining  the  least  amount  of  friction  and  the  highest 
mechanical  efficiency. 

Suggestions  for  Future  Investigations. 

37.  It  is  to  be  regretted  that  inadequate  facilities  and  pressure 
of  other  duties  have  made  it  impossible  to  give  this  investigation 
such  attention  as  would  have  resulted  in  securing  complete  data 
for  all  the  tests  involving  all  the  factors  suggested,  and  in  addi- 
tion that  of  varying  degrees  of  compression.  It  is  expected,  how- 
ever, that  the  investigation  will  be  continued,  and  it  is  hoped  that 
other  investigators  will  be  encouraged  to  take  up  the  problem 
and  make  a  more  complete  and  satisfactory  solution  than  is  here 
recorded,  and  also  that  many,  in  discussing  this  pap*er,  will  take 
a  part  in  making  suggestions  as  to  the  proper  method  of  arrang- 
ing: and  conducting  such  series  of  tests. 

For  such  an  investigation  the  following  points  are  noted:  It 
should  be  easily  possible  on  the  engine  imder  investigation  to 
secure  and  to  observe  with  ease  and  accuracy,  and  through  a  wide 
range,  changes  in  the  following  factors:  speed,  load,  jacket  tem- 
perature, proportion  of  gas  to  air,  point  of  ignition,  and  degree 
of  compression. 

Observations  should  include  factors  for  determining  all  effi- 
ciencies, both  mechanical  and  thermal,  all  horse-powers — brake, 
indicated,  and  frictional — all  ,i[ras  consumptions,  all  heat  distribu- 
tions, all  air  consumptions,  the  various  temperatures,  and  steadi- 
ness and  certainty  of  action.  The  engine  should  be  fitted  with 
at  least  two  types  of  governors,  and  with  cylinders  of  different 
j)roportions  of  length  to  diameter. 
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These  series  of  tests  should  be  run  on  an  engine  of  compara- 
tively small  size,  then  repeated  on  an  engine  of  medium  size,  and 
again  on  one  of  the  largest  size  available. 

With  an  investigaton  taken  up  on  this  line  and  conscientiously 
carried  through,  we  should  have  a  basis  for  formulating  a  theory 
of  the  gas  engine  which  would  furnish  important  lines  of  guid- 
ance for  future  development,  the  need  for  which  is  very  great,  and 
the  like  of  which  in  the  steam-engineering  field  we  have  been 
waiting  for  years,  and  in  many  particulars  are  still  waiting,  to 
secure. 

DISCUSSION. 

Prof.  W.  F,  M.  G088. — Members  of  the  Society  will  be  inter- 
ested in  knowing  that  this  paper  is  the  last  piece  of  work  done 
by  Professor  Robertson  before  his  departure  for  China  to  take 
up  work  under  tlie  International  Board  of  the  Young  Men's 
Christian  Association.  This  mission  is  among  the  educated 
classes  of  China,  who  are  anxious  to  learn  of  the  western  world 
an<l  wish  to  take  up  science  and  technology  under  western 
teachers,  the  ultimate  purpose  of  all  tlie  instruction  being  to 
lead  them  gradually  to  an  understanding  of  the  ])rinci]>les  of  the 
Christian  religion.  In  accepting  tlie  responsibilities  of  such  a 
mission,  I  know  that  Professor  Iiol)ertson  has  yielded  to  desires 
and  inspirations  which  have  long  l)een  strong  within  him,  and 
I  imagine  that  the  example  of  his  devotion  will  not  fail  to  inspire 
others  with  interest  in  his  work. 

It  is  to  be  regretted  that  the  proof  of  this  paper  could  not 
have  had  the  benefit  of  its  author's  scrutiny.  In  the  absence  of 
Professor  Robertson,  and  in  conforiiiity  with  his  wish,  the  proof- 
reading fell  upon  me,  but  I  have  no^  attempted  to  do  more  than 
to  harmonize  certain  statc^ments  contained  in  the  original  ])aper 
with  certiiin  suggestions  of  tlu^  Pul)lir.ition  Coniinitt(M>  regard- 
ing the  presentation  of  diagrams  and  tjii)u]ated  ivsults. 

Finally,  concerning  the  merits  of  the  j)aiH»r  itself,  I  can  testify 
to  the  long  and  very  careful  n»sonrcli  which  it  represents.  So 
far  as  I  know,  no  analysis  of  tin?  performance  of  an  individual 
engine  has  ever  be(*n  made  so  tlioron^Hi  as  that  of  tlie  Otto  gas 
engine,  the  results  of  wliicli  ar(»  1i<m*o  presented.  Prof(\ssor 
Robertson's  discussion  of  enirinc*  friction  and  of  tlio  fnctors  wliich 
influence  its  value  is,  I  think,  fiitin^ly  uni(jue  and  satisfactory. 
While  numerical  mcasuns.  and  rvcn  ])ercentago  values  may  be 
different  for  engines  of  ditr<»n.*nt  poweiN,  yet  tlie  causes  which 
are  here  shown  to  exert  themselves  Avill  alwavs  exist. 
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BT  JOHH  Is.  BACON,  OHICAOO,  ILL. 

(Janlor  Member  of  the  Society.) 

1.  The  following  are  some  results  obtained  from  experiments 
which  had  in  view  a  comparison  of  the  strengths  of  hooks  bent 
out  of  round  stock,  and  hooks  shaped  according  to  Towne's 
formula,  and  also  the  effect  of  case  hardening,  or  carbonizing, 
upon  the  strength  of  the  above  hooks.  No  attempt  was  made 
at  mathen;Latical  analysis,  the  object  being  experimental  data. 

2.  The  general  shape  of  the  hooks  tested  is  shown  in  Fig.  223. 
The  eyes  were  welded,  and  pains  were  taken  to  have  the  lower 
curved  parts  of  the  hooks  to  be  compared,  alike  as  near  as 
possible. 

3.  One  of  the  conclusions  drawn  from  the  experiments  was, 
that  if  the  hook  was  properly  shaped  between  the  points  A  and 
J?,  Fig.  223,  the  shaping  of  the  rest  of  the  hook  had  very  little  to 
do  with  the  strength;  the  shaping  of  the  rest  of  the  hook  having 
more  to  do  with  the  ''  hang  "  than  the  strength.  Of  course  the 
critical  part  for  strength  lies  at  about  the  point  C,  the  shape  of 
the  lower  part  merely  determining  the  point  at  which  the  load 
will  l)e  applied.  All  of  the  hooks  tested  failed,  either  by  be:^. J- 
ing  or  breaking,  at  about  C. 

4.  W  hen  testing,  Avorking  conditions  were  reproduced  as  nearly 
as  possible.  The  hook  was  suspended  by  a  loop  of  round  iron 
run  through  the  eye,  the  ends  of  the  loop  being  gripped  in  the 
upper  jaws  of  the  testing  machine. 

5.  A  long  link  of  round  iron  was  put  over  the  hook  and  through 
the  lower  head  of  the  machine  and  a  round  bar  passed  through 
the  lower  end  of  the  link  under  the  head.  This  arrangement 
left  the  hook  free  to  adjust  itself  to  the  strain  in  all  directions. 


*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  M(»chanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 
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6.  Some  of  tho  samples  were  case-liardened  or  carbonized. 
These  were  heateil  with  granulated  raw  bone.  The  f-inoh  hooks 
were  hot  for  about  8  hours  and  the  IJ-inch  hook  for  about  9 
hours.  The  depth  of  penetration  of  carbon,  or  thickness  of  the 
carbonized  coating  of  the  mild  steel  was  about  y^^^  of  an  inch. 

7.  The  g-inch  hooks  were  all  made  from  one  bar  of  mild  steel 
and  both  IJ-inch  hooks  were  made  from  one  bar. 

8.  In  the  following  table  the  word  "carbonized''  is  used  to 


Fia,  223. 

designate  the  hooks  which  were  treated  as  described  above. 
Those  marked  simply  "  carbonized  "  were  allowed  to  cool  in  the 
box  in  which  tliey  were  heaterl;  those  marked  '* annealed'* 
were  afterward  annealed,  .and  tho  ones  marked  "hardened" 
were  hardened  in  the  usual  way. 

9.  Following  are  the  more  important  data  from  the  experi- 
ments : 
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All  of  the  tested  hooks  wtTo  madt;  in  tlw  -liop-  and  the  ie!«iiiiy  wat*  done  in  the  laboratorien  of 
Lcwfla  Instltate. 
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10.  Figs.  224  and  225  give  the  dimensions  of  the  flattened 
hooks.  These  hooks  were  made  to  conform  as  nearly  as  practical 
to  Towne's  formulae.  The  other  hooks,  bent  into  shape  without 
any  flattening:,  had  the  same  inside  curve  as  the  flattened  hooks. 

11.  The  flattened  hooks  all  gave  way  by  compressing  the 
metal  shown  by  the  shaded  area.  This  was  easily  determined, 
as  the  scale  at  this  point  cracked  off  and  was  undisturbed  on  the 
other  parts. 

12.  All  of  the  hooks  which  failed  by  bending  stood  a  much 


Fio.  225. 


higher  load  after  the  bend  started ;  or,  in  other  words,  the  hooks 
would  itsmd  a  heavier  load  after  they  were  partially  straightened 
out,  due,  probably  to  the  fact  that  as  the  hook  straightened,  the 
leverage  of  the  load  was  decreased. 

13.  The  above  data  would  seem  to  indicate  that  a  hook  made 
from  round  iron  and  carbonized,  is  about  as  strong  as  the  same 
shaped  hook  flattened  according  to  Towne's  fonnulsD,  while  a 
plain  hook  carbonized  and  hardened  is  from  40  per  cent,  to  50 
per  cent,  stronger  than  either  of  the  other  two. 

14.  The  followir.g  may  prove  interesting  as  showing  that  tlie 
untreated  lioolvs  stand  greater  strains  after  tliey  start  to  ojien. 
The  detail  report  of  the  test  on  hook  T  was  as  follows  :  Tery 
slight  opening  at  6,000  lbs.  load;  open  scant  A,  of  an  inch  at 
8,000  lbs. ;   strong  ^V  ^^  ^^  ^"^I^  ^^  9,000  lbs. ;  j\  of  an   inch 
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at  10,000  lbs. ;  i  of  an  inch  at  11,000  lbs. ;  would  not  sustain 
load  of  12,000  lbs.  any  length  of  time,  and  opened  rapidly  at 
13,000  lbs. 

15,  After  the  above  test,  and  without  disturbing  the  hook 
in  the  testing  machine,  a  load  of  13,000  lbs.  Avas  applied.  The 
hook  carried  this  load  without  showing  any  signs  of  further 
opening  for  about  15  days.  At  the  end  of  that  time  the  load 
was  increased  and  the  hook  straightened  almost  to  a  right  angle, 
after  which  it  held  a  load  of  15,500  lbs. 


DISCUSSION. 

Mr.  II.  li.  Towne. — The  experiments  reported  by  Mr.  Bacon 
are  an  interesting  addition  to  the  scanty  literature  on  the  sub- 
jects of  hooks,  and  especially  so  as  tending  to  settle  the  question 
of  ])reference  between  the  round  and  flattened  forms  of  cross- 
section. 

As  Mr.  Bacon  uses  the  "  Towne  formula  "  as  a  basis  of  com- 
parison, it  seems  ex])edient  to  reproduce  that  formula  herewith. 
It  was  originally  published  in  a  "  Treatise  on  Cranes,"  pjublished 
bj''  me  in  18S3,  and  as  therein  stated  (page  91)  the  fornmlii>  were 
iKised  on  a  long  and  thorough  investigation  of  the  matter,  Avhicli 
included  numerous  tests  of  hcx^ks  of  various  forms  and  sizes. 
The  fornmlie  thus  determined  Avere  as  follows,  the  measure- 
ments all  being  expri^ssed  in  inches,  and  the  symbol  A  being 
used  to  indicate  the  nominal  capacity  of  the  hook  in  tons  of 
2,000  jiounds: 


Fig.  226. 
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The  dimensions  A  are  necessarily  based  upon  the  ordinary 
merchant  sizes  of  round  iron.  The  sizes  which  it  has  been  found 
best  to  select  are  the  following: 

Capacity  of  Hook  i,  i,  i,   1,    1^,  2,    3,  4,  5,    6,    8,  10    tons. 
Dimension  ^  . . .  f ,  H.  I.  If  a,  H.  if,  If,  2,  2i,  2i,  2|,  3i  inches. 

The  formulae  which  give  the  sections  of  the  hook  at  the  several 
points  are  all  expressed  in  terms  of  J.,  and  can  therefore  readily 
be  ascertained  by  reference  to  the  foregoing  scale. 

Mr.  Bacon's  tests  indicate  that,  under  like  conditions  of  ma- 
terial, the  flattened  hook  will  carry  a  20-per-cent.  greater  load 
than  the  round  liook  before  beginning  to  open.  Referring  to 
his  table,  we  find  that  Nos.  4  and  5  (round  form)  began  to  bend 
or  open  at  a  mean  stress  of  2,450  pounds  and  No.  —X{^^  Towne  " 
form)  at  a  stress  of  3,000  pounds,  the  latter  being  22  per  cent, 
greater  than  the  former.  It  is  to  be  regretted  that  Mr.  Bacon 
did  not  make  more  experiments  which  would  admit  of  a  direct 
comparison  of  the  results  obtained  with  the  two  different  forms  of 
hook.  Those  which  lie  reports,  show  clearly  that  carbonizing  and 
hardening  raise  the  elastic  limit  and  increase  the  load  required 
to  cause  the  hook  to  begin  to  open,  but  this  advantage  is  neutral- 
ized, in  my  judgment,  by  the  accompanying  fact  that  carboniz- 
ing and  hardening  tend  greatly  to  diminish,  or  even  to  obliterate, 
the  margin  between  the  bending  and  breaking  points. 

In  the  original  publication  above  referred  to  I  made  the  fol- 
lowing statement: 

*' Experiment  has  shown  that  hooks  made  according  to  the 
above  formulae  will  give  way  first  by  opening  of  the  jaw,  which, 
however,  will  not  occur  except  with  a  load  much  in  excess  of 
the  nominal  capacity  of  the  hook.  This  yielding  of  the  hook 
wlien  overloaded  becomes  a  source  of  safety,  as  it  constitutes  a 
signal  of  danger  which  cannot  easily  be  overlooked,  and  which 
must  proceed  to  a  considerable  length  before  rupture  will  occur 
and  the  load  be  dropped.  A  comparison  of  these  hooks  with 
most  of  those  in  ordinary  use  will  show  that  the  latter  are,  as 
a  rule,  badly  proportioned,  and  frequently  dangerously  weak." 

Mr.  Bacon's  tests  confirm  this  argument.  In  No.  —X  bending 
began  at  3,000  pounds  and  the  hook  yielded  at  3,500,  a  margin 
of  16  per  cent.;  in  Xo.  7' bending  began  at  6,000  pounds  and 
the  hook  yielded  at  13,000  pounds,  a  margin  of  116  percent.; 
w^hile  in  most  of  the  other  tests,  with  carbonized  hooks,  the 
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margiQ  between  initial  bending  and  final  yielding  or  breaking  is 
only  5  to  10  per  cent.  So  far  as  they  go  these  tests  are  conclu- 
sive that  a  hook  should  not  be  made  of  high  carbon  metal,  and 
that  the  desirable  metal  is  a  ductile  one,  which  will  permit  the 
hook  to  bend  through  a  considerable  angle  before  the  danger 
point  is  reached. 

The  "Towne"  formulae  were  intended  to  cover  only  sizes  up 
to  10  tons — that  is,  those  ordinarily  made  in  large  quantities 
and  in  which  economy  of  material  is  important. 

Mr.  F,  A.  Waldroii, — It  has  been  my  privilege,  for  over 
fifteen  years,  to  have  been  connected  with  the  manufacturing 
end  of  this  hook  proposition,  in  the  Works  of  the  Yale  &  Towne 
Manufacturing  Co.,  and,  after  careful  observation  of  hooks, 
made  of  different  materials  and  in  different  forms,  I  am,  at  pres- 
ent, not  only  theoretically  convinced,  l>ut  practically  persuaded 
that  the  only  proper  material  from  which  hooks  can  be  mtule 
and  be  perfectly  reliable  is  of  a  high-grade  puddled  iron,  such  as 
Burden's  best,  and  that  the  form  should  be  in  accordance  with 
the  Towne  formuhi.  It  has  also  been  my  privilege,  during  the 
past  nine  years,  to  observe  the  different  uses  and  abuses  accorded 
to  hooks  in  general  use.  A  suramarj"  of  these  observations  may 
be  of  interest  in  connection  with  Mr.  Ijacon's  paper: 

1.  To  produce  a  reliable  hook  a  material  must  be  useil  which 
will  stand  the  abuses  of  the  average  drop-forging  process,  the 
principal  danger  in  which  is  in  the  manii>ulation  required  in 
jK>inting  and  bending. 

2.  A  hook  is  no  stronger  than  its  weakest  point;  and  while 
a  bar  of  mild  steel  may  have  a  higher  tensile  strength,  and,  fur- 
ther, a  steel  hook,  ])r(jperly  made,  may  stand  from  25  to  50  per 
cent,  greater  load  than  a  wrought-iron  hook,  it  doi^s  not  follow 
that  the  steel  hook  is  better  and  more  n^liable  than  the  iron 
hook. 

3.  About  a  year  and  a  half  ago,  after  a  series  of  laboratory 
tests,  the  Yale  ct  Towne  Manufacturing  Co.,  at  my  suggestion, 
decided  to  change  from  iron  to  steel,  in  view  of  the  fact  that 
steel  costs  only  about  onc^-lialf  as  much  as  the  best  grades  of 
iron,  and,  further,  that  tests  of  steel  hooks  showed  so  much 
greater  strength ;  therefore,  I  felt  justified  in  recommending  this 
change.  After  some  thousands  of  the  steel  hooks  had  been 
made,  however,  we  found  that  many  of  them  brokc^  from  crys- 
tallization while  btiing  manipulated  in  the  sho[),  and  that  others 
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broke  on  our  block-testing  machine,  on  account  of  the  uneven- 
ness  of  the  steel  and  its  inability  to  stand  the  heat  and  manipu- 
lation under  the  drop-hammer,  all  of  these  defects  being  in- 
visible. A  large  number  of  these  steel  hooks  were  scrapped, 
and  the  steel  purchased  for  this  purpose  was  used  on  other 
work  where  life  and  limb  were  not  at  stake. 

4.  Since  then,  and  at  present,  all  hooks  are  made  from  high- 
grade  Avrought-iron,  and  no  further  trouble  has  been  experi- 
enced, probably  for  the  following  reasons: 

(a)  Iron  will  stand  more  abuse,  in  the  fire  and  under  the 
hammer,  than  any  steel  yet  made. 

(J)  Defective  bars  of  iron  are  easily  detected,  either  from 
longitudinal  seams  in  the  grain,  or  from  the  opening  up  of  im- 
]>erfectly  rolled  seams  during  the  processes  of  pointing  or 
bending. 

{c)  If  over-heated  or  under-heated,  the  surface  defects  known 
as  *'  cold  short  "  and  "  red  short  "  cracks  appear  in  the  bending, 
and  the  hook  is  condemned  before  it  has  had  a  chance  to  fail 
under  actual  service. 

5.  A  further  result  of  my  experience  is  that  one  of  the  great- 
est strains  on  hooks  of  the  smaller  sizes,  say,  from  i  to  2  tons' 
capacity,  is  due  to  the  usage  which  these  hooks  receive  in  many 
shops.  Blocks  have  been  returned  to  us  with  the  hooks  opened 
out,  and,  upon  inquiry,  we  have  found  that  the  load  had  been 
lifted  by  just  catching  the  point  of  the  hook  under  the  sling 
chain  or  ropes. 

6.  Iron  hooks,  made  in  accordance  with  the  Towne  formula, 
have  been  returned  to  us  having  serious  surface  defects,  which, 
through  oversight,  had  passed  inspection  and  reached  the  cus- 
tomer. Invariably  these  hooks,  upon  their  return,  have  been 
tested  to  destruction,  and  none  of  them,  in  spite  of  these  defects, 
have  broken  at  less  than  2 J  times  the  working  load,  while  we 
have  had  several  steel  hooks  break  at  the  working  load,  without 
a  moment's  warning. 

7.  Any  treatment  given  to  a  steel  hook,  by  carbonizing,  an- 
nealing, or  case-hardening,  tends  to  aggravate  any  invisible 
defects  which  may  exist,  with  the  exception  of  crystallization. 
The  latter,  undoubtedly,  is  helped  by  proper  annealing. 

An  iron  hook  is  less  affected  than  a  steel  hook  by  any  of  the 
above  treatments,  with  tlio  possible  exception  of  case-hardening, 
which  tends  to  produce  a  brittleness  in  the  iron,  while  it  may 
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incrtMise  to  a  slight  extent  its  earning  capacity.  If,  however, 
a  hook  is  inatle  of  the  proper  [iro portions,  thtj  subseqaent  anneal- 
ing or  carbonizing,  iis  proved  by  actual  test,  may  show  an  in- 
ci'ease  in  the  factor  of  safety,  but  such  subset|uent  treatments 
(except  annealing)  tend  to  produce  brittleness  aud  an  aiUlitional 
riKlc  Lii  the  y[)erator. 


\^* 


[  end 


Ofi 


Fm.  ^37. 


>ok  wbich  l>mk 


suddenly,  and  nearly  kille<l  the 
The  iron  hook  opened  up  grad- 


] under  i 

JI  is  an  irun  hook  wtiich  liroke  under  2.^  times  i 
nutwiihstantUng  the  Haw  shown  by  the  dark  are^u 

The  steel  hook  snapjietl  of 
ojierator  who  was  testing  it 
utdly  before  break  ing* 

This  is  not  an  iso]ate<l  case,  but  is  a  sample  of  other  breakages. 

Tlie  conclusjon  I  have  reached,  therefore  (based  on  my  experi* 
encej,  is  that  the  l*est  hix>k  for  all-around  nse,  fur  n3lial*ility, 
safety,  and  to  withstand  the  abuse  to  which  hooks  ai-e  subjt^ct, 
is  a  ilrop-fr>rged  hook,  pro|>ortioned  according  to  the  Towno 
forinuUi,  and  nnule  of  higJi-grade  w*ronght-iron. 

We  have  yet  to  learn  of  one  of  these  Jjooks  breaking  during 
the  manufacturing  processes,  or  develo[iing  a  di*fect  which  can* 
not  readily  he  detected  Ijefore  it  leaves  the  shop,  or  failing  in 
service  under  its  normal  hjad, 

J/r*  GffA.  C\  //^^i/^V/*/.— While  we  have  had  very  much  l)et- 
ter  iuij)ers  on  the  strength  of  hooks,  I  do  not  think  we  have 
ever  had  any  paper  quite  as  good  as  this  short  one  on  what  to 
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use  and  what  not  to  use  in  hooks.  We  find  here  that  carbon- 
ized and  hardened  hooks  are  no  good.  They  stand  up  to  the 
load  within  a  feAV  pounds,  and  then  snap  suddenly.  There  is 
no  material  so  little  affected  by  heat  treatment  as  first-class 
wrought-iron.  There  is  no  material  worse  under  those  con- 
ditions, when  it  is  subjected  to  varying  temperatures  and  when 
the  material  is  of  varying  dimensions,  than  steel  of  almost  any 
kind,  and  when  it  is  carbonized,  hardened  and  annealed,  nobody 
knows  what  it  may  be  when  finished.  On  the  other  hand,  test 
a  piece  of  iron  and  it  will  be  practically  known  what  that  iron 
will  be  when  it  has  been  forged,  because  it  is  changed  so  little 
by  the  treatment.  We  find  here  that  the  plain  hooks  untreated 
break  at  loads  considerably  above  the  bending  point.  That 
point  is  the  yield  point  for  that  material — nothing  else.  Now 
that  is  what  we  Avant  to  know.  On  the  other  hand,  the  car- 
bonized and  hardened  hooks  break  at  only  200  or  150  pounds 
above  that  load  under  which  they  begin  to  show  the  slightest 
sign  of  bending.  In  that  respect  this  paper  is  invaluable.  It 
says,  '*  Never  think  of  using  a  carbonized  and  hardened  hook  or 
one  of  heat-treated  steel,"  because  the  men  Avho  treat  it  may 
consider  themselves  experts,  but  they  do  not  know  what  the 
hook  is  until  they  have  tested  it,  because  the  material  becomes 
different  according  to  its  thickness  from  the  point  to  the  shank; 
and  I  think  the  paper  is  invaluable  because  it  tells  you  clearly 
not  to  use  anything  but  plain,  first-quality  Avrought-iron  hooks. 

Mr,  A.  E.  Johnson. — AVhat  I  Avas  going  to  say  has  been  so 
fully  coA^ered  by  Mr.  Waldron  that  I  can  add  almost  nothing 
except  that  at  the  Yale  &  ToAvne  Manufacturing  Co.  Ave  found 
the  yielding  point  of  their  hooks  Avas  from  60  to  70  per  cent,  of 
the  ultimate.  In  other  words,  the  hook  was  that  much  of  a 
safety  valve.  The  principal  thing  that  I  wanted  to  present  Avas 
that  in  such  machines  as  cranes  and  hoisting  devices  there  should 
be  a  safety  A^alve,  and  there  cannot  be  a  better  one  than  the 
hook,  made  so  that  the  opening  Avill  give  every  one  ample  warn- 
ing, because  it  is  right  before  everyones  eyes. 

Mr.  Oherlin  Smith. — I  would  like  to  ask  gentlemen  Avho  have 
had  ex])erience  in  designing  section  hooks  Avhether  the  I-beam 
section  has  been  tried,  and  Avhy  it  has  been  abandoned,  as  it 
Avould  seem  evident  that  more  strength  Avould  be  obtained  Avith 
material  in  such  a  shape  than  in  the  triangular  shape. 

Mr.  McGeorge. — I  notice  quite  a  number  of  manufacturers  are 
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using  cast-steel  hooks.  I  would  like  to  ask  whether  anyone  lijis 
had  any  exi^erience  with  them. 

Mr.  F.  A,  Wablron. — Replying  to  tlie  questions  of  Messi's. 
McGeorge  and  Smith,  the  cast-steel  hooks  liave  been  testetl  bv 
us,  and  we  have  found  that  their  cost  is  prohibitive  and  the 
quality  was  not  any  better  than  wrought-iron.  Steel  hook  cast- 
ings have  shown  very  good  results  in  yielding,  but  we  do  not 
consider  them  reliable,  as  the  defects  are  invisible. 

In  reference  to  the  I-beam  section  for  use  on  hooks,  I  think  it 
might  l)e  somewhat  lighter  in  weight  for  the  same  strength,  but 
the  manipulation  in  manufacturing  would  not  be  as  simple  as  for 
the  present  form,  and  it  might  further,  in  shops  where  roj^es  were 
used  as  slings,  tend  to  fray  the  roi>e  where  it  came  in  contact 
with  the  sharp  edges. 

Mr.  lli'un'nKj. — Tests  have  been  made  on  such  hooks  by  Pro- 
fessor von  IJach,  and  he  has  determined  that  the  differences  in 
the  quality  of  the  material  are  the  essential  difficulties,  because 
the  metal  is  of  different  thickness  at  all  points.  The  treatment 
is  always  an  unknown  quantity.  The  edges  are  not  of  a  large 
radius,  but  must  have  sharp  corners.  In  regard  to  the  castings, 
the  hooks  are  always  of  such  small  dimensions  that  it  cannot  bo 
furnished  without  blowholes  or  cavities.  At  present  I  think  it 
is  unsafe  to  use  cast-steol  hooks. 

Mr.  J.  L.  liacon.^ — I  thank  the  gentlemen  who  have  added 
such  valuable  matter  to  the  pa})er  under  discussion.  As  indi- 
cated by  the  title,  the  juaper  was  presented  mei'oly  as  (lata  on  an 
interesting  subject. 

I  know  that  ^Ir.  Towne  and  Mr.  AValdron  must  have  had 
vastly  more  exi)erience  with  hooks  than  I  ever  expecc  to  have, 
and  I  would  not  gainsay  any  of  their  opinions.  I  do,  however, 
take  issue  with  ^Ir.  AValdron  on  one  point,  lie  makes  the  state- 
ment that  '"  iron  will  stand  more  al)us(s  in  the  lire  and  under 
the  hammer,  than  any  steol  yet  made." 

Iron  will  stand  more  abuse  in  the  fire  than  steel,  but  unless 
you  compare  an  exceptionally  fine  grade  of  iron  with  a  poor 
grade  of  steel,  I  think  the  advantage  is  with  the  steel,  when  it 
comes  to  abuse  under  the  hamnu^r.  It  is  taken  for  granted  that 
Mr.  Waldron  is  s])eaking  of  low  carbon,  mild,  or  soft  steel. 

It  is  not  unconiin(Mi  to  see  a  blacksmith  use  a  bar  of  iron  by 
mistake  for  a  bar  of  mild  stoel  when  making  a  forging.  He 
*  Author's  Closure  under  the  Rules. 
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works  the  bar  as  he  would  a  bar  of  sleel,  and  his  remarks  when 
he  sees  the  result,  while  very  interesting,  would  hardly  make 
a  dignified  appearance  in  the  Transact iO)i8, 

Wrought  iron,  from  its  nature,  has  minute  slag  seams  run- 
ning all  through  it,  while  steel,  if  ]>roperly  made,  should  be 
homogeneous.  Each  of  the  seams  in  the  iron  is  a  source  of 
weakness,  and  is  liable  to  start  a  crack  when  hammered.  Steel 
not  having  tliese  seams  does  not  run  this  risk  of  splitting. 

What  seems  to  be  the  principle  obstacle  to. the  use  of  mild 
steel  is  carelessness  in  selection.  When  a  man  wants  steel  for 
ordinary  forging,  he  is  content  to  order  '^mild"  or  ^^soft" 
steel  and  let  it  go  at  that,  and  yet  the  same  man  would  not  think 
of  ordering  **tool"  steel  without  specifying  in  some  way  the 
quality  of  temper. 

Now,  one  bar  of  "mild  "  steel  may  be  a  tough,  low  carbon, 
even  steel  that  will  stand  any  amount  of  hammering  and  abuse, 
and  the  next  bar  Avill  be  so  high  in  carbon  that  it  will  snap  off 
like  tool  steel. 

I  plead  for  a  more  careful  grading  of  the  much  abused  "  mild  " 
bar  steel. 

All  the  hooks  mentioned  in  the  paper  were  made  of  steel.  A 
few  iron  hooks  were  tested,  but  the  results  are  not  given. 
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No.  »9S.* 

STRAINS  PRODUCED   BY  EXCESSIVE    TIOHTENING 

OF  NUTS.\ 

BT  A.  BEMENT,  CHICAGO,  ILL. 

(Member  of  the  Society.; 

1.  In  the  design  of  machinery,  ultimate  strength,  elastic  limit 
and  deflection  of  parts  usually  receive  careful  attention ;  but  with 
prevailing  practice  and  methods  of  erecting  machinery  in  final 
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Fig.  228. 

place,  there  is  but  little  assurance  that  damage  may  not  be  caused 
by  ignorance  or  carelessness  on  the  part  of  the  erecting  crew, 
owing  to  excessive  tightening  of  nuts  and  screws,  which  may, 
and  often  does,  result  in  straining  bolts  and  parts  beyond  their 
elastic  limit.  There  appears  to  be  no  rule  in  general  use  for  the 
guidance  of  the  men  who  pcrfonn  the  work  of  machinery  erec- 
tion, and  it  seems  usually  to  bo  their  desire  to  make  things  as 
tight  as  possible.  The  natural  result  is  that  eliistic  limits  are 
often  exceeded  or  that  breakages  nuiy  even  occur. 

2.  The  accomi)anying  figure  represents  one  end  of  a  cylinder 
of  a  vertical  Corliss  engine,  with  the  valves  located  in  the  cylin- 


•  Presented  attlio  Saratoga  mui'ting  (Juue,  190:3)  of  tbo  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 

t  For  farther  references  on  this  sul>ject,  see  Transactions  as  follows  : 
No.  450,  vol.  xii.,  p.  781  :  "Some  Expf-riments  with  a  Screw  Bolt."    James 
McBride. 
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der  head.  With  this  example  the  nuts  of  the  studs,  holding  the 
head  to  the  flange,  were  screwed  up  so  tight  that  it  resulted  in 
over-strain  finding  relief  in  a  crack,  which  developed  in  the  wall 
of  the  cylinder  just  under  the  flange,  as  shown  at  A.  A  tongue 
on  the  head  fitted  into  a  groove  in  the  face  of  the  cylinder 
flange;  packing  for  making  the  joint  was  compressed  in  this 
groove  by  the  pressure  exerted  by  the  tongue;  when  the  pack- 
ing was  fully  compressed,  further  strain  owing  to  over-tighten- 
ing of  the  bolts  resulted  in  the  fracture  at  J.,  which  manifested 
itself  some  weeks  after  the  joint  had  been  made  up.  The  crack 
extended  part  way  around  the  cylinder,  but  did  not  result  in 
entire  rupture.  It  appears  that  when  sufficient  relief  had  been 
secured  that  the  crack  ceased  to  extend  notwithstanding  the 
presence  of  the  steam  pressure. 

Other  examples  could  be  given  showing  the  result  of  over- 
straining of  bolts  and  parts  of  machinery,  but  this  wiU  serve 
the  purpose. 

It  is  the  hope  that  this  brief  paper  maj^  serve  to  call  attention 
to  a  matter  which  is  probably  more  serious  than  is  generally 
realized. 

DISCUSSION. 

Mr,  Oherlin  Smith, — The  obvious  way  in  erecting  standard 
machinery  would  be  to  have  the  wrenches  of  a  good  length  and  do 
the  final  tightening  cither  with  a  weight  or  spring  pressure,  or  by 
the  hardest  pull  a  ihan  could  give.  Of  course,  with  ordinary  men, 
the  nraxinmni  could  be  found  in  all  cases.  Certain  men  whose 
personal  ecpiation  was  known  could  be  put  at  pulling  and  practical 
trouble  would  be  at  an  end.  It  is  desirable  that  there  should  be 
a  systematic  way  of  doing  this  tightening  up,  as  the  evil  pointed 
out  in  the  paper  is  quite  apt  to  occur  when  least  expected.  Before 
determining  ju.st  the  moment  that  should  he  exerted  at  the  end 
of  tlie  wreneh,  more  should  be  known  about  what  pressure  can 
be  put  on  a  nut.  Of  course,  we  cannot  ealenlatc^  it  simply  by  the 
pilc'li  of  the  screw  and  the  yield-point  of  the  metal,  etc.,  because 
tlie  friction  of  nuts  varies  so  much.  T  think  great  attention 
should  be  ])aid  to  determining  the  nut  friction,  due  to  certain 
kinds  of  faces  on  the  nut  and  its  size  and  shape.  This  could  all 
be  determined  by  simple  experiments,  and  the  other  matter  of 
wrench  length,  certainly  important,  should  be  paid  attention  to. 
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Mr.  Fred  F,  Millar. — Thirf  idea  of  having  a  length  of  wrench 
adapted  to  every  size  of  nut  looks  very  well  at  first  glance;  that 
is,  that  Ave  can  decide  how  niiich  pull  a  man  can  exert,  and  then 
proportion  the  length  of  the  wrench  so  that  he  can  just  tighten 
the  nut  to  the  exact  point  contemplated  by  the  designer.  But  the 
way  that  works  out  in  practice  is  that  a  man  who  handles  such 
wrenches  must  exert  his  maximum  strength  on  every  nut.  lie 
has  to  tighten  every  nut  by  using  the  maximum  force  that  he  can 
exert;  the  men  soon  tire  of  that  and  will  get  a  piece  of  gas  pipe 
and  put  it  on  the  wrench.  You  cannot  get  along  without  the  per- 
sonal equation.  You  have  got  to  have  men  who  know  by  their 
own  judgment  when  tlie  nut  is  tight  enough,  or  you  must  instruct 
them.  For  instance,  take  two  bolts  of  the  same  size;  they  should 
manifestly  be  tightened  to  the  same  stress,  and  if  we  adopt  this 
idea  of  the  proper  length  of  wrench  then  the  samc^  force  will  be 
applied  to  each;  but  in  some  cases  I  am  satisfied  that  with  the 
same  force  applied  to  the  wrench  one  bolt  may  be  stressed  four 
times  as  much  as  the  oth(n\  So  much  depends  upon  the  fit  of  the 
thread  in  the  nut,  the'frictional  resistance  in  the  thread,  and  of 
the  face  of  the  nut  on  thi^  surfa(*e  on  which  it  rests.  A  skilled 
man  can  tell  by  the  '"  feel "  of  the  wrench  whether  the  force  is 
being  used  in  one  way  or  another;  1  can,  and  I  think  anybody 
accustomed  to  it  can  tell  whether  thc^  force  is  being  applied  to 
tightening  the  bolt  or  is  being  used  up  in  f rictional  resistance. 

Mr.  Gus.  C,  11  cutting, — This  author  is  not  sj)eaking  of  stresses, 
but  of  strains.  He  does  not  sj)eak  of  tlu*  strength  of  the  material. 
He  is  speaking  about  the  elastic  limit,  which  he  uses  instead  of  the 
term  yield-point,  in  a  boiler  we  do  not  care  how  strong  the  mate- 
rial is  as  long  as  wo  know  that  ir  will  not  yield  under  \\w  loads. 
Prof.  Bach,  our  authority,  has  written  a  ])ajK'r  on  his  investigji- 
tions  on  the  same  thing,  lie  has  determined  the  stresses  and  rh(- 
strain,  and  he  has  given  many  instances  of  ruptures  of  that  sort. 
The  way  to  avoid  this — but  it  eo>ts  a  little  more  money — is  to  use 
a  lot  of  little  bolts.  It  is  when  you  use  few  bolts  and  the  material 
begins  to  bend  between  the  bolts  that  you  cannot  get  it  tight  and 
then  you  will  give  an  extra  ])ull  (►n  the  wrench  which  will  cause 
the  trouble.  It  is  not  because  of  tlie  stress,  but  because  of  the 
strain.  This  gentleman  is  (piite  right  in  talking  of  strains  and 
stresses.     Simply  use  more  bolts,  and  you  will  not  have  trouble*. 

Mr.  McGeonje, — May  I  give  you  s<»nie  personal  reminiscence?. 
When  I  was  a  young  man  we  had  an  aizent  who  supplied  machin- 
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cry  in  Java,  and  he  insisted  that  no  bolts  smaller  than  f-inch 
should  go  in.  The  reason  was  this;  he  said  you  get  a  nigger  on  the 
end  of  the  wrench  and  he  will  break  every  bolt  that  you  put  in 
smaller  than  that. 

Mr.  Ilenning. — I  Avant  to  point  out  that  that  is  one  safety 
factor.  The  breaking  of  a  f-inch  bolt  will  not  hurt  anything 
at  all,  and  you  cannot  crack  the  tank  in  the  way  it  is  shown  here. 
That  builder  should  have  used  ^-inch  bolts  and  let  the  nigger 
break  them  as  often  as  he  wanted  to.  Which  costs  more — 144 
bolts  or  one  tank? 

Mr,  Crane.— A\^e  might  contrive  to  make  a  wrench  with  two 
pieces,  and  have  a  scale  registering  the  strength  and  let  it  tip  up 
automatically  when  the  strength  required  was  reached. 

Mr.  A.  E.  Johnson. — i^s  to  the  question  of  '*  many  small  bolts  " 
versus  "  fewer  large  ones,''  it  would  seem  that  work  such  as 
flanges  bolted  together  needed  the  first  arrangement  as  a  safety- 
valve  to  save  flanges,  while  large  parts  of  heavy  frames,  such 
as  planer  posts  or  riveter  frames  can  be  better  and  cheaper  fas- 
tened by  the  latter  arrangement.  We  believe  in  always  using 
the  largest  bolts  practical  to  be  tightened  by  the  longest  practical 
wrenches,  e.g.,  in  the  case  of  a  band  tightened  frictionally  around 
some  other  part,  the  pinching  bolt  should  of  course  have  about 
the  same  area  as  the  rest  of  the  band — although  we  have  seen 
cases  where  such  bolts  had  les^  than  one  tenth  this  area.  In  ar- 
ranging the  framing  for  the  12-incli  disappearing  carriages  we 
desired  to  place  our  2-ineh  bolts  as  near  together  as  possible  and 
have  the  fork  wrench  to  be  used  eh  ar  the  comer  of  the  adjacent 
heads,  but  found  no  data  in  tlie  wrencli  catalogues  enabling  us 
to  determine  this  distance  with  certainty.  If  tliese  manufacturers 
would  add  a  column  in  tables  of  standard  wrenches,  stating  against 
each  end  of  eacli  dro])  forging  just  how  near  the  largest  bolts  for 
which  this  end  is  milled  could  be  spaced,  it  would  help  us  on  such 
o(*casioiis. 

Mr.  Saundrrs. — I  have  found  tiiat  bolts  very  often  strained  to 
almost  th(^  breaking  point  jire  allowed  to  go  out  that  way  and 
break  when  they  go  into  service.  We  have  had  s(nne  trouble  with 
them,  in  fact,  more  than  anywhere  els(\ 

Mr.  Ohcrlin  Smiili. — I  have  found  that  one  of  the  worst  evils 
with  the  men  is  that  you  cannot  govern  them  as  to  how  hard  they 
w^ill  strike  the  wrenches.  ]\ir.  .Miller  has  said  that  the  only  remedy 
is  to  have  a  man  who  knows  how  hard  to  pull.     I  suppose  most 
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of  the  men  in  this  room  know  how  hard  to  pull,  anrl  I  do  not 
suppose  any  of  us  would  break  anything,  but  when  we  are  away 
the  workmen  will  do  it. on  the  sly,  and  use  gaspipi^  or  anything 
else.  In  general  machine  work  the  problem  is  a  difBcult  one. 
But  I  was  speaking  of  a  standardized  machine  where  routine  work 
can  be  done  over  and  over;  the  men  can  be  taught  to  use  the 
j)roper  tools.  It  may  be  that  a  special  weighing  wrench,  as  sug- 
gested by  one  of  the  speakers,  w^ould  be  a  good  thing. 

Mr,  Flenning. — My  statements  were  based  upon  my  experience 
when  I  was  the  foreman  of  a  machimr  sho])  and  boiler  works  in 
Baltimore,  where  we  were  having  considerable  trouble  of  this 
sort.  They  were  using  flat  heads  1|  inches  thick,  and  1-inch  bolts, 
and  every  other  Aveek  one  Avonld  break.  I  simjdy  used  a  thinner 
material  and  nothing  larger  than  f-inch  bolts,  and  thereafter  we 
never  had  one  come  ba<;k  broken.  The  flange  was  cast  iron,  and 
nobody  ever  pulled  very  hard.  From  that  time  on  we  never  had 
any  more  trouble. 

One  very  iuii)ortant  feature  of  this  discussion  hm^  been  over- 
looked, and  that  is  the  question  of  t-pot  facing.  At  the  present 
time  a  deplorable  condition  exists  in  the  commercial  articles,  due 
to  the  fact  that  spot  faeiug  in  a  great  many  cases,  is  negleetcnl.  I 
have  seen  bolts  loosen  up  in  the  rims  and  hubs  of  fly  wheels  and 
driving  pulleys,  due  to  the  fact  that  the  bolts  were  set  against  the. 
rough  surface  of  the  casting  and  there  was  absolut(dy  no  parallel- 
ism between  the  fac(»s  of  the  nut  and  the  head  of  the  bolt.  This 
also  exists  on  extra  heavy  steam  pi])e  work,  and  in  order  to  insure 
the  best  results  the  baek  as  well  as  the  face  of  the  flange  should  be 
spot  faced  or  trued  ofl^.  The  unevenne^s  of  these  surfaces  tcMid  to 
produce  greater  strains  in  the  bolt  than  any  other  siiigh*  cause. 

Mr.  Sweeney. — The  remark  of  tlic  hist  speaker  is  true  but  it 
applies  more  to  the  (^fi^ect  on  the  boll  than  it  docs  to  the  flange. 
After  some  CApericncc  in  thoi-e  matt(M*s,  the  form  of  the  joint 
in  this  paper  appeals  to  us  as  one  in  which  ])rol)nl)ly  the  bolts 
were  too  strong.  When^  the  surface  of  the  flanges  tit  up  solid, 
it  brings  in  a  difi^erent  condition  fnmi  that  where  the  Haiigc  over- 
hangs the  joint,  as  it  does  in  the  illustration,  rsiially  ])eople  ])ut 
too  many  bolts  in  sudi  a  joint  and  when  the  jx'rsonal  equation 
comes  in  to  screw  it  iij),  if  the  man  cannot  find  a  ])iccc  of  gas  pipe 
he  usually  makes  it  convenient  to  sit  down,  brace  his  feet  against 
something  which  ofiers  rcsistcncc,  which  is  another  way  of  arriv- 
ing at  the  gas  pipe  effect,  and  breaking  things. 
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1  have  found  it  much  the  safer  plan  to  put  in  bolts  which  would 
break  before  the  easting  would  break,  in  a  joint  of  this  construc- 
tion. 

Mr,  Ilenning, — That  is  because  a  big  bolt  is  so  far  away  from 
the  flange  that  you  can  get  a  big  wrench  on  it. 

Mr,  A,  Bement* — The  cylinder  in  question  is  38  inches  in  diam- 
eter, studs  1.5  inches  in  diameter,  spaced  5  inches  between  centers. 
Wall  of  cylinder  2  inches  thick;  thickness  of  flange,  2.25  inches. 

Another  engine  of  the  same  design  erected  by  the  same  maker 
soon  after  the  one  mentioned,  also  gave  trouble.  Its  cylinder 
diameter  is  46  inches.  Diameter  of  studs  1.5,  spaced  5  inches  be- 
tween centers.  Thickness  of  cylinder  wall  2.25  inches,  and  thick- 
ness of  flange  2.5  inches.  With  this  cylinder,  overstrain  found  re- 
lief by  springing  the  head;  throwing  the  valve  chambers  out  of 
line,  which  resulted  in  the  valves  sticking,  breaking  of  valve  arms, 
etc.  This  condition  was  followed  by  some  of  the  studs  breaking, 
but  the  castings  did  not  rupture.  Tliis  would  indicate  that  the 
smaller  cylinder  wall  was  the  weakest  point,  while  with  the  large 
one,  the  studs  were  the  weaker  feature. 

Between  breaking  a  cylinder  or  the  studs,  the  latter  is,  of 
course,  to  be  preferred,  but  a  cylinder  head  joint  with  broken 
studs  is  not  a  desirable  condition.  As  much  damage  may  be 
caused  by  the  breaking  of  a  bolt  as  by  failure  of  a  casting,  for 
example — excessive  strain  in  setting  up  follower  bolts  caused  one 
of  them  to  break,  and  part  of  the  bolt  leaving  its  position  while 
the  engiue  was  in  motion  rt^sulted  in  knocking  off  not  only  the 
head,  but  the  top  of  the  cylinder. 

There  is  danger  in  small  bolts,  because  a  man  is  liable  to  exert 
his  whole  strength  in  tightening,  regardless  of  their  size;  or  use 
a  hammer  on  the  wrench.  AVith  the  cylinder  head  joint,  least 
opportunity  for  damage  might  exist  with  small  bolts;  but  with 
the  joint  l)et\veen  follower  and  piston,  with  metal  to  metal,  liberal 
strengtli  in  the  bolts  would  be  on  the  side  of  safety. 

It  would  be  desirable  to  have  some  means  of  determining  when 
the  proper  tension  on  a  bolt  was  secured,  biit  this  is  a  difficult 
proposition.  Jn  the  absence  of  such  means,  it  is  altogether  prob- 
able that  mucli  damage  could  readily  be  avoided  by  the  exercise 
of  a  little  judgment. 

Such  troubles  are  probably  the  outgrowth  of  a  feeling  that 
when  a  machine  is  designed  and  made  in  the  shop,  that  the  en- 

*  Authors'  Closure,  under  the  Rule& 
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giiicering  work  is  about  done,  and  that  its  erection  is  rather 
a  labor  than  an  engineering  problem.  The  result  is  that  the  fore- 
man, instead  of  superintending  the  setting  up  of  nuts  and  bolls, 
is  often  at  rest  in  an  easy  chair  smoking  a  cigar,  while  the  men 
are  lightening  their  labor  with  a  sledge  hammer  and  with  no  idea 
whether  they  are  overstraining  bolts  or  not.  And  if  there  is 
trouble,  the  blame  is  usually  laid  on  the  mechanics  or  laborers 
whom  no  one  expects  to  possess  any  hjrge  degree  of  engineering 
judgment. 

It  should  be  said  in  the  case  of  the  two  engines  mentioned, 
that  when  the  owners'  engineers  remade  the  joints,  that  troubles 
ceased. 
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THE  HOT  WELL  AS  AN  OIL  EXTRACTOR.^ 

BT  A.   H.    ELDREDGE,    BO.   8T.   JOSEPH,   MO. 

(Member  of  the  Society.) 

1.  Figs.  229  and  230  give  the  plan  and  cross-section  of  a  hot- 
\v(>ll  that  has  been  in  successful  operation  during  the  past  year. 

The  well  is  divided  into  three  parts. 

A  the  common  discharge  side  for  the  steam  condensers. 

B  the  discharge  side  for  one  steam  condenser. 

C  the  hot  side,  or  pump  side. 

2.  The  operation  of  the  well  is  as  follows:  The  bulk  of  the 
condensing  water  enters  at  A  and  overflows,  to  a  cistern,  at  D. 
The  water  from  a  single  jet  condenser  enters  B,  The  water 
from  this  condenser  comes  from  an  engine  that  runs  continu- 
ously nearly  the  entire  year.  Its  temperature  is  kept  between 
125  degrees  and  100  degrees  Falir.  to  favor  the  boiler  feed  tem- 
])eratures,  althougli  at  the  expense  of  the  vacuum,  which  runs 
from  20  inches  to  2-1:  inches. 

The  higher  temjierature  also  saves  condensing  water. 

There  are  two  outlets  from  B^  one  an  underflow  at  J?  into  C, 
and  one  an  overflow  at  7^' into  A.  The  overflow  at  i^ is  3  inches 
lower  than  the  one  at  D  to  insure  a  free  passage  in  and  out 
of  B. 

3.  The  hot  side,  or  pump  suction  side  C  is  supplied  from  B 
through  E,  The  temperature  of  this  water  is  increased  by  re- 
turning to  it,  so  far  as  possible,  all  steam  drips,  and  pump,  or 
other  exhausts,  raising  its  temj)erature  to  from  100  degrees  to 


*  Prosentcd  at  tlio  Saratoga  mooting  (June,  1903)  of  the  American  Society  of 
Morhaniral  Engineers,  and  Forming  part  of  Volume  XXIV.  of  the  Transactions. 

t  For  further  discussion  on  Oil  Extraction  consult  Transactions  as  follows: 
No.  078.  vol.  xvii.,  p.  295:    "Oil  Extraction." 
No.  078,  vol.  xvii.,  p.  297:  "  Oil  Filtration." 
No.  810.  vol.  XX.,  p.  489:  "  Tost  of  Oil  Separators."     F.  L.  Emory. 
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180  degrees  Fahr.  This  gives  a  good  start  for  a  desirable  feed 
water  temperature,  and  at  the  same  time  saves  many  traps, 
together  with  their  accompanying  troubles  and  expense,  insur- 
ing the  return  of  the  various  drips  with  their  British  thermal 
units  to  the  boilers. 

The  only  outlet  from  C  is  tlirough  the  pump  suction,  and  only 
such  water  enters  Cas  is  sufficient  to  supply  the  pump. 

Should  the  water  at  any  time  be  cut  off  from  B^  then  the  sup- 
ply would  come  automaticaUy  from  A  tlnHJugh  F. 

The  hot- well  is  provided  with  drain  pipes  in  A  and  C  for  clean- 
out  purposes. 

lis  Action  as  an  Oil  Separator. 

4c.  The  water  enters  ^  at  a  comparatively  high  temperature, 
and  any  oil  in  the  water  will  rise  rapidly  to  the  surface,  while 
the  oil  from  but  one  condenser  is  all  that  has  to  be  taken  care  of. 
At  the  same  time  the  flow  of  the  water  from  ^  to  (7  is  very  slow, 
giving  ample  time  for  the  oil  to  rise  to  the  surface  and  pass  off 
througlf  the  overflow  F. 

5.  Over  8,000  horse-power  of  boilers,  at  one  of  Swift  &  Com- 
pany's plant,  are  fed  from  tliis  hot-well,  and  no  sign  of  oil  has 
been  found  in  any  of  tlie  boilers  or  their  connections. 

The  water  from  C  has  also  been  chemically  analyzed  a  number 
of  times,  and  but  the  slightest  trace  of  oil  has  ever  been  found. 
The  trace  found  was  undoubtedly  due  to  the  oil  coming  in 
through  a  pnmp  exhaust,  and  has  in  no  way  affected  the  practi- 
cal working  of  the  hot-well. 


DISCUSSION. 

Mr.  A.  A.  Gary. — This  method  of  eliminating  oil  from  water 
condensed  from  exhaust  steam,  described  by  Mr.  Eldredge,  is 
one  with  which  I  have  experimented,  but  only  a  fair  degree 
of  success. 

My  experiments  w^ere  made  a  number  of  years  ago,  and  I  de- 
scribed the  hot-well  I  used  in  the  May,  1897,  number  of  the 
Engineering  Magazine. 

In  this  hot- well,  I  constructed  only  two  compartments,  or 
the  apparatus  might  be  considered  as  one  large  rectangular  brick 
tank,  with  a  dividing  wall  runnint^  across  its  centre  as  shown  in 
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Fig.  231,  which  presents  a  plan-view  and  a  vertical  cross-sec- 
tional view  of  the  device. 

By  referring  to  these  views,  it  will  be  seen  that  the  oil-laden 
water  from  the  condenser  is  introduced  into  the  first  compart- 
ment through  the  pipe  A. 

As  the  water  is  discharged  from  this  pipe,  it  strikes  the  top  of 
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Fig.  231. 


a  cone,  B,  which  prevents  the  flowing  stream  from  impinging 
forcibly  upon  the  surface  of  the  water  in  the  tank,  and  causes  it 
to  flow  down  the  sides  of  this  cone  on  to  the  upper  surface. 

As  the  solid  wall  dividing  this  tank  into  parts  has  its  only 
openings  (into  the  other  half  of  this  tank)  near  its  bottom,  the 
water  must  flow  from  the  first  compartment  into  the  second 
compartment  through  these  lower  orifices. 
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TLe  purpose  of  this  arrangement  is  to  allow  the  oil  contaiued 
in  the  water  in  the  first  compartment  to  float  to  its  surface, 
Avhile  the  water  from  wliich  it  has  separated  descends  to  the  bot- 
tom of  the  tank  and  then  passes  into  tlie  second  compartment. 

A  second  pipe,  B^  having  a  cock  with  a  ball-float  on  its  end, 
admits  water  from  the  city  supply  (when  needed)  to  keep  the 
level  of  the  surface  of  this  watet  slightly  above  the  overflow 
outlets,  7>,  which  are  connected  to  an  outside  sewer-pipe,  7s', 
which  in  turn  conducts  the  troublesome  oil  away  from  the  tank. 

Experiment  proved  that  notwithstanding  this  arrangement  to 
separate  the  oil  from  the  water  in  the  first  com])artment,  a  cer- 
tain amount  of  oil  passed  into  the  second  compartment,  and  in 
order  to  get  rid  of  this  oil  as  it  floated  to  the  surface,  a  second 
system  of  overflow  pipes  had  to  be  arranged  as  shown  at  F^  and 
these  overflows  were  connected  into  the  second  sewer-pipe  G, 

The  feed-water  for  the  boiler  was  taken  from  this  second  com- 
partment through  the  suction-pipe,  //,  which  was  provided  with 
a  strainer  /at  its  lower  end. 

Probably  the  most  difficult  condition  found  in  oil-charged 
water,  when  we  desire  to  separate  the  oil,  is  when  the  oil  exists 
in  an  emulsified  form.  It  is  very  well  known  that  oil  and  water 
will  not  mix  directly,  but  we  know  equally  well  that  oil  will 
spread  itself  over  the  surface  of  the  water,  and  a  thin  film  will 
cling  to  this  surface  most  tenaciously. 

When  water  is  broken  up  into  a  large  number  of  little  globules 
(such  as  small  rain  drops,  or  the  s])ray  from  a  hose),  and  when 
oil  is  present  in  the  water  at  the  time  of  its  sub-division,  this  oil 
is  apt  to  coat  the  surface  of  each  one  of  these  little  globules  (like 
the  skin  which  covers  an  orange)  and  n»tain  its  ])osition  ther(» 
after  the  water  falls  back  into  a  solid  mass,  and  then  we  have 
an  oil  emulsion  such  as  I  have  refei'red  to,  and  a  microscope, 
properly  manipulated,  will  show  this  condition  as  existing. 

When  oil  exists  in  water  in  this  form,  it  is  no  easy  problem  to 
separate  it  by  ordinary  commercial  means,  and  its  sei)aration  by 
any  method  of  flotation  is  entirely  ont  of  the  cjuestion.  It  was 
this  fact  that  led  me  to  place  a  cone  directly  beneath  the  dis- 
charge-pipe from  the  cond(>nscM*. 

Experiment  in  this  case  tauiiht  me  tliat  by  allowing  the  water 
to  fall  from  a  distance  and  strike  tlie  surface  of  the  water,  tlii^ 
falling  water  was  split  up.  and  a.  churnin^i:  action  occurred  in  tln^ 
tank,  which  resulted  in  an  umulsion  of  the  oil  and  water.     Sub- 
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merging  the  end  of  the  discharge-pipe  in  the  water  helped  mat- 
ters somewhat,  but  caused  a  churning  action,  so  I  finally  placed 
the  cone  directly  beneath  the  discharge  outlet,  which  caused  the 
water  to  slide  gently  down  the  incline  onto  the  surface  of  the 
water  (the  lower  end  of  the  cone  being  entirely  submerged),  and 
this  allowed  much  of  the  oil  to  float  itself  upon  the  upper  sur- 
face of  the  water,  from  whence  it  was  discharged  through  the 
sewer  openings. 

Mr.  Eldredge,^ — The  suggestion  of  the  sliding  plane,  as  out- 
lined by  Mr.  Cary,  could  be  easily  used  in  connection  Avith  the 
hot-well  as  presented  by  the  author. 

That  the  hot-well  as  presented  worked  satisfactorily  with  the 
Western  or  Missouri  Yalley  water,  there  is  no  doubt.  Possibly 
with  Eastern  waters,  where  there  is  less  scale-forming  matter, 
the  small  amount  of  oil  which  might  be  carried  over  from. the 
hot- well  would  cause  trouble.  It  would  be  interesting  to  know 
the  result  of  experiments  along  this  line  in  the  East. 

*  Author's  Closure,  under  the  Rules. 
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No.  995.* 

POSITIVE  GOVERNOR  DRIVES  FOR   CORLISS 
ENGINE S.\ 

BT  ▲.  H.  ELDRBDUE,   SO.   ST.  JOSEPH,  MO. 

(Member  of  the  Society.) 

1.  Whilb  visiting  a  Corliss  engine  works  recently,  the  pro- 
prietor, a  member  of  the  A.  S.  M.  E.,  asked  the  writer  for  any 
informiition  he  might  have  on  positive  governor  drives  for 
Corliss  engines.     Hence  this  paper. 

In  Machinery  J  March,  1899,  was  an  article  by  the  writer  on 
"The  Corliss  Governor  and  Fly  Wheel  Accidents,"  in  which 
was  tabulated  some  of  the  Corliss  engine  accidents  that  liad 
occurred,  attributable  to  the  governor  belt.  At  the  same  time 
it  was  recommended  that  belts  be  replaced  by  positive  drives. 
Since  then  he  has  equipped  three  large  power  engines  and  two 
large  ice  machines  with  positive  drives  with  gratifying  results. 

Pow^r  Entjlne  Drives, 

2.  The  engines  were  cross-compound  condensing  engines,  fitted 
with  rope  drives,  and  driving  three  two-phase  alternating  cur- 
rent generators.  Th(5  sizes  of  the  engines  and  generators  were 
as  follows: 

1—14  and  20x36  driving  1—180  K.  W.  Generator 
1—16  and  30x30      "       1— 240K.W. 
1—21  and  40x42      "       1— 500  K.  W. 


The  engine  speed  was  90  revolutions  per  minute.     The  genera- 
tors are 
parallel. 


tors  are  so  arranged  that  any  two  or  all  three  can  be  run  in 


♦Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society  of 
Mechanical  Engineers,  and  formhig  part  of  Volume  XXIV.,  of  the  Transactions. 

t  For  further  discussion  on  Governors  consult  Transnclions  as  follows: 
No.  409,  vol.  xi.,  p.  1081 :  "  A  Governor  for  Steam  Engines."     Jess<*  M.  Smith. 
No.  640,  vol.  xvi.,  p.  720:  "  A  New  Shaft  Governor."     E.  J.  Armstrong. 
No.  714,  vol.  xviii.,  p.  290:  "  Steam-Engine  Governors."     F.  H.  Ball. 
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3.  Before  putting  on  the  positive  drfve  the  governor  belts  were  a 
continual  source  of  trouble  and  anxiety.  It  was  impossible  to  keep 
the  oil  from  the  belts.  New  belts,  endless  belts,  oil  flanges,  etc., 
were  things  of  a  day.  It  was  difficult  to  cut  two  generators  in  to- 
gether, and  still  more  so  to  cut  three  generators  in  together,  while 
it  was  no  uncommon  thing  for  the  circuit  breakers  to  fly  out  due 
to  poor  engine  regulation.  This  trouble  has  ceased  since  the  posi- 
tive governor  drives  were  installed.  The  generators  can  be  easily 
and  quickly  cut  in  together,  while  they  adjust  themselves  much 
more  quickly  to  their  proportionate  load.  The  engineers  and 
oilers  appreciate  fully  the  improved  working  conditions  of  the 
engines  and  generators.  The  gears  are  cut  steel  gears  and  run 
very  quietly.  The  only  trouble  experienced  in  over  a  year's  run 
was  on  the  large  engine.  There  was  no  floor  stand  at  J.,  Fig.  232. 
This  allowed  considerable  spring  between  these  gears  so  that  the 
pitch  circle  did  not  remain  constant.  It  was  first  greater  and 
then  smaller  with  each  revolution  of  the  shaft.  This  kept  the 
governor  dancipg  in  unison  with  the  revolutions  of  the  engine, 
first  up  then  down  about  yV  ^^  ^^  i^^^h  on  the  governor  spindle. 
A  good  floor  stand  and  bearing  was  put  in  at  J.,  Fig.  232,  since 
which  the  governor  runs  steadily,  changing  only  with  the  load. 

Ice  Machijie  Drives, 

4.  Two  Ball  ice  machines,  with  cross-compound  steam  cylinders 
26  inches  and  50  inches  x  48  inches,  and  two  compressor  cylin- 
ders each  21  inches  x  48  inches,  have  been  fitted  with  cut  steel 
sprockets  and  ''  Morse  Rocker  Joint "  chain.  Here  again  there 
was  always  trouble  with  an  oily,  slack  governor  belt.  Since  the 
chain  drives  were  substituted  for  the  belt  drives  the  machines 
run  more  steadily  at  all  speeds  from  17  to  75  revolutions  per 
minute. 

6!  The  chain  drive  has  some  points  of  advantage  over  the 
geared  drive.  (See  Fig.  233.)  It  is  cheaper  to  install.  It  is  not 
affected  by  any  slackness,  or  wear,  of  the  main  bearing.  It 
requii'es  less  attention  and  runs  more  quietly.  It  has  not,  how- 
ever, as  neat  an  appearance  as  a  geared  drive. 

The  chain  drive  could  be  easily  applied  to  throttling  governors. 
A  greasy  belt  on  a  throttling  engine,  a  runaway  engine  and  a 
dead  engineer,  is  the  tale  of  a  recent  accident  at  the  R.  T.  Davis 
Mills  at  St.  Joseph,  Missouri. 
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Most  Corliss  engine  builders  advertise  their  so-called  safety 
stop,  either  man,  or  mechanically  operated;  but  in  spite  of  the 
stops  the  engines  frequently  fail  to  stop  until  after  the  wreck. 

The  danger  is  not  where  a  belt  breaks  and  allows  the  safety 
device  to  work,  but  where  the  oily  belt  slips  and  does  not  keep 
the  governor  up  to  speed,  allowing  a  longer  range  of  cut-off  than 
is  necessary  to  care  for  the  load,  in  which  case  the  engine  soon 
speeds  up  to  the  danger  line. 

There  is  no  excuse  for  the  governor  belt.  The  consulting 
engineer  could  soon  relegate  it  to  the  past  if  he  chose. 

DISCUSSION. 

Mr.  A.  A.  Gary. — Mr.  Eldredge's  statement  that  "there  is 
no  excuse  for  the  governor  belt"  will  hardly  be  accepted  by 
many  of  us,  I  am  sure. 

It  is  true  that  this  belt  is  a  source  of  trouble  in  some  plants, 
but  this  trouble  can  generally  bo  accounted  for  by  the  presence 
of  a  careless,  a  dirty  or  an  incompetent  engineer,  who  does  not 
take  proper  care  of  Iiis  belt.  The  substitutes  presented  by  Mr. 
Eldredge  have  been  used  in  not  a  few  plants,  and  have  also  been 
a  source  of  trouble. 

Where  there  are  sudden  changes  of  load  in  plants  where  close 
regulation  is  required,  the  slipping  governor  belt  can  f  recjuently 
be  replaced  by  another  belt  which  will  not  allow  objectionable 
slipping,  the  new  belt  being  either  wider,  or,  being  made  to  run 
over  pulleys  of  larger  diameter,  or  else  over  pulleys  with  wooden 
faces. 

The  best  substitute  offered  by  Mr.  Eldredge  is  the  gear 
arrangement,  which  is  utilized  in  the  Brown  engine,  but  T  know 
of  cases  where  the  teeth  of  these  gears  have  broken,  and  other 
troubles  have  resulted  due  to  wear. 

Such  gears  should  be  enclosed  in  dust-tight  cases,  and  be  con- 
stantly lubricated  with  clean  oil.  The  teeth  should  be  carefully 
and  accurately  formed  in  a  gear  planer,  and  tliey  should  be  con- 
stantly run  on  their  pitch  lines.  The  boxes  holding  them  in 
place  should  be  rigidly  and  accurately  secured  in  proper  position, 
and  no  spring  should  be  allowed  in  the  shiift,  as  Mr.  Eldredge 
has  stated. 

There  are  few  of  the  gear-govornor  drives  I  have  seen  which 
have  not  at  some  time  had,  at  least,  a  certain  amount  of  cotton 


1156       POSITIVE   GOVERNOR  DRIVES   FOR  CORLISS  ENGINES. 

waste  run  between  their  teeth,  while  many  have  had  more  resist- 
ing material  dropped  into  their  "  bite." 

I  have  also  found,  frequently,  the  gear  shafts  running  loosely 
in  their  boxes,  and  further,  I  have  noticed  much  noise  emitted 
from  the  gears,  indicating  lost  motion  between  the  teeth. 

As  far  as  the  chain  application  is  concerned,  I  have  had  ex- 
perience with  engine  appliances  driven  by  this  means,  and  found 
that  constant  running  stretched  the  chain,  causing  it  to  jBap  or 
vibrate  considerably  when  sudden  loads  were  applied,  and  this 
motion,  at  times,  threw  the  chain  off  the  sprockets,  thus  making 
it  a  very  dangerous  appliance. 

In  view  of  these  experiences,  I  am  inclined  to  give  my  prefer- 
ence to  the  belt  drive,  believing  that  nothing  of  this  kind  can  be 
made  '* fool-proof,"  and  I  think  that  many  here  will  agree 
with  me. 

Mr.  McQeorge, — I  think  the  Renold  Chain  Cony)any  or  the 
Morse  Chain  Company  will  guarantee  chains  against  all  stretch- 
ing. I  know  that  the  Morse  will  absolutely  guarantee  against 
stretching,  and  I  believe  the  Renold  will,  too. 

Mr,  EldredgeJ*' — Having  read  Mr.  Cary's  discussion  carefully, 
I  still  believe,  after  fifteen  years  of  designing,  building  and 
handling  both  Corliss  and  high-speed  engines  that  "  There  is  no 
excuse  for  the  governor  belt,"  and  will  further  add,  or  other 
friction  drives. 

I  have  long  heard  of  the  incompetent  engineer,  but  I  have 
some  sympathy  for  the  competent  man,  whose  machine  works 
twenty-four  hours  a  day,  six  days  a  week,  with  but  a  brief 
shut-down  on  Sunday,  and  who  is  unable  to  overcome  the  faulty 
design  of  his  engine  and  properly  protect  and  care  for  his  gover- 
nor belt. 

A  chain,  or  gear  drive,  can  be  easily  cased  in  and  protected 
against  waste,  or  harder  substances  getting  into  ''  the  bite  "  due 
to  carelessness  or  other  causes.  I>ut  what  would  be  the  result  of 
such  an  accident?  Simply  a  shut-down.  It  is  not  possible  to 
have  the  governor  lag  behind  the  speed  of  the  engine,  as  with 
the  slipping  belt  drive,  and  allow  a  runaway  engine. 

It  would  be  interesting  to  know  the  style  of  chain  used  in  the 
drives  referred  to  by  Mr.  Cary. 

None  of  the  three  drives  is  perfect.     It  is  a  matter  of  deciding 

*  Author's  Closiiro,  under  the  Rules. 


POSITIVE   GOVERNOR   DRIVES   FOR   CORLISS   ENGINES.       1157 

which  is  to  be  preferred:  one  which  will  adjust  faster  and  permit 
a  runaway,  or  one  that,  costing  a  little  more  money  will  make 
a  runaway  impossible. 

Present  practice,  as  could  easily  be  cited,  is  answering  in  favor 
of  the  positive  governor  drive. 
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No.  996.* 

FITS  AND  FITTING. 

AN  INVESTIGATION  OF  RECENT  PRACTICE  IN  FORCING,  SHRINK 
ING,  DRIVING  AND  RUNNING  FITS,  AND  LIMITS  FOR  LIMIT 
GAUGES. 

BT  8TANLET  H.   MOORE,   KANB^B  CITT,  MO. 

(Junior  Member  of  the  Society). 

1.  In  his  endeavor  to  obtain  for  presentation  to  students  reli- 
able and  definite  information  on  this  subject — matter  which  bore 
the  semblance  of  systematic  deduction — the  author  could  but  re- 
echo the  sentiment  of  Professor  Sweet's  recent  remark  in  refer- 
ence to  certain  kinds  of  fitting.  Professor  Sweet  says  in  part: 
''  Mechanics  trying  to  find  out  how  much  to  allow  for  forced  fits 
must*,  if  they  look  up  the  literature  on  the  subject,  get  pretty 
badly  mixed." 

The  crude  or  working  material  which  is  the  basis  of  this  inves- 
tigation is  that  which  has  been  published  during  the  last  few 
years  in  the  leading  technical  periodicals.  The  available  matter 
was  divided  into  two  classes:  that  which  bore  the  stamp  of 
scientific  investigation,  and  that  which  was  submitted  as  the 
successful  practice  of  some  individual  or  concern.  The  repre- 
sentative instances  of  the  former  class  are  the  excellent  articles 
in  vol.  22,  American  Machinist^  by  Professor  Wetmore  and  Mr. 
T.  C.  Kelley.  To  the  second  class  belongs  by  far  the  greater 
])ortion  of  the  data  investigated.  This  matter,  at  first  seemingly 
hopelessly  at  variance  with  itself  and  somewhat  chaotic  in  char- 
acter, afforded,  however,  excellent  material  with  which  to  work. 

2.  It  is  the  purpose  of  this  paper  to  explain  in  brief  the  method 
of  procedure  in  the  deduction  of  the  resultant  formulaB,  represent- 
ative curves  and  tabulated  data.  For  the  convenience  of  treat- 
ment the  matter  was  divided  into  the  following  classes:  Forcing 

*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society  of 
Mechanical  Engineers,  and  forming  part  of  Volume  XXTV.,  of  the  Transactions. 
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Fits,  Forcing  Fit  Pressures,  Shrinking  Fits,  Driving  Fits,  Run- 
ning FitSj  and  Limits  for  Limit  Gaiiget^,  In  order,  in  eac^i  indi- 
vidual case,  to  discover  and  ascertain  the  nature  of  a  probuhle 
laWj  the  data  were  transferreil  to  rectangular  co-ordinates  wliere 
the  curve  was  plotted,  the  ordinates  representing  tht^  diameters 
in  inches;  the  abscisses  the  allowances.  The  result  of  this  first 
plotting  was  the  deduction  of  an  empirical  formula  for  each  indi- 
vidual case.  For  the  pur]>ose  of  comparison  the  curve  for  this 
fonnula  was  transferred  to  what  was  termed  the  Typical  Dia- 
gram. In  these  typical  diagrams  such  curves  as  were  obviously 
wild  and  wide  of  the  mark  were  omitted. 

3.  The  next  step,  and  one  deemed  necessiiry  for  tlie  corapilation 
of  an  accurate  table  of  fit  allowances,  was  the  selection  or  con- 
struction— from  the  typical  diagrams— of  what  were  termed 
Ile|>resentative  Curves  which  would  clearly  indicate  goml  pi*ac- 
tice.  Tlie  choice  of  these  representative  curves,  being  Jargely  a 
matter  of  judgment,  is  open  to  criticism;  however,  the  selections 
were  made  with  a  view  to  securing  a  simple  fonnula  that  would 
at  once  embody  the  essential  features  of  good  practice  ami  omit 
nothing  of  importance.  A  careful  examination  of  these  curves, 
with  due  consideration  as  to  the  manner  in  '^vhich  they  were  ob- 
tained, will,  we  think,  justify  the  selection. 

Turning  our  attention  now  to  the  severfd  sub-divisions  of  the 
siibjectj  we  will  discuss  briefly  the  salient  features  of  each, 

Forcituf  Fits. 

4.  For  the  purpose  of  discussion,  forcing  fits  may  he  defined  as 
thost"^  machinery  fits  which  require  the  use  of  some  form  of  prcss^ 
generally  hydrostatic,  to  complete  the  assembling  operation, 

A  study  of  the  various  curves  of  the  typical  diagram  for  forc- 
ing fits  led  to  the  select icm  of  a  Ilepresentative  Curve  whose 
fonnula  contained  a  constant*  This  was  considerfni  desirable, 
especi^ly  on  account  of  its  influence  on  the  smaller  sij^es.  The 
fonnula  selected  for  the  Representative  Curve  for  forcing  fits 
was:  A  —  'ID  ^  .h\  A  ^  Allowance  in  thousiwidthsof  an  inch, 
D  =  Diameter  of  the  plug  in  inches. 

5.  Regarding  the  assembling  process,  or  the  manipulation  of 
forcing  fits,  wo  fiiul  the  following  governing  conditions:  1.  The 
Allowance,  This  should  never  be  so  great  as  to  prevent  the 
stress  from  coming  well  within  the  elastic  limit  or  the  crushing 
strength  of  the  materials  employed.     2;  The  Surfaces,     In  gen- 
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REPRESENTATIVE  CURVES  FOR  THE  VARIOUS  FITS.      ""* 
Fig.  234. 


eral  we  may  say  regarding  tlie  surfaces  for  this  kind  of  fitting, 
that  the  best  results  are  obtained  when  both  surfaces  are  ground 
to  (it  gauges.  The  conditions,  in  some  instances,  render  tliis 
i:iipracticable;  however,  the  surfaces  of  the  pieces  to  be  assom 
bled  shoukl  be  as  smooth  as  it  is  practical  to  make  them.  3.  'J  i  e 
Lul)rieation.  Linseed  oil  makes  an  excellent  lubricant  for  assem- 
bling forcing  fits.  4.  The  Alignment.  It  is  important  to  start 
the  phig  accurately;  so  important  is  this  that  to  secure  an  accu- 
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rate  alignment  some  engineers  resort  to  the  use  of  two  diameters 
— each  half  the  length  of  the  fit — differing  by  but  a  few  thou- 
sandths of  an  inch.  The  additional  advantage  of  having  to  force 
the  plug  through  but  half  the  length  of  the  fit,  it  is  claimed, 
greatly  reduces  the  maximum  forcing  fit  pressure. 

Forcmg  Fit  Pressures, 

6.  Here  the  fixed  conditions  are  generally  the  following:  The 
materials  employed;  the  nominal  diameter;  the  length  of  the 
fit,  and  the  thickness  of  the  hub.  With  these  conditions  the 
pressure  necessary  to  assemble  a  given  forcing  fit  will  vary, 
Mr.  Kelley  concludes  after  his  experience  with  about  eight  hun- 
dred forcing  fits  on  regular  engine  work: 

{\\  Directly  as  the  area  of  the  surface  of  the  fit  for  a  given 
diameter. 

(2)  Directly  as  the  allowance — the  difference  in  diameter  be- 
tween the  plug  and  the  bore. 

(3)  As  a  function  of  the  radial  thickness  of  the  hub. 

(4)  As  the  materials  employed  and  the  nature  of  the  machined 
surfaces.  The  investigation  for  a  pressure  curve  was  undertaken 
on  this  basis — on  the  assumption  that  these  conclusions  are  cor- 
rect. After  considerable  work  a  simple  equation  for  a  Repre- 
sentative Pressure  Curve  was  established.  This  equation  gave 
essentially  the  results  obtained  by  the  use  of  Mr.  Kelley's  experi- 
mentally deriv(5(l  curve,  and  Avhile  possessing  the  advantage  of 
mathematical  deduction,  it  had  the  additional  advantage  of  con- 
forming to  experience  and  becomes,  therefore,  thoroughly  prac- 
tical in  its  ap])lication. 

7.  The  curve,  an  hvperbohi  wlioso  ocjiiation  is 

r,oo 

where  PF  is  the  Pressure  Factor  and  D  the  nominal  diameter 
of  the  fit,  assumes  the  hub  to  be  twici^  the  diameter  of  the  plug, 
the  materials  ein])loycd  to  l>e  machiniM'v  steel  ])lugs  and  cast  iron 
hubs,  and  the  machined  siirfaces  to  bo  practically  true  and  free 
from  tool  marks.  Should  tli(»  Iml^  (hameter  exceed  twice  that 
of  the  plug,  the  ])ressur(\  according  to  condition  three,  will  be 
somewhat  greater — the  amount  b(Mnf)^  ol)tained  by  the  construc- 
tion of  another  hyperbola.  Should  the  niat^Tials  employed  be 
other  than  those  which  tlu^  curve  assumes,  the  pressure,  according 
to  condition  four,  will  again  vary,  necessitating  the  determination 
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Ibore,  SlmnUf  EL 


<>r  :i,TU)llH'r  vmIium)!'  /*A'.  .  .  .  The  f(M\' valiK^s  obtained  from  the 
iMrji;.!;r«'  dalji.  rt'lalivf'  to  this  [KU'ticulai*  point,  se<Mnrd  to  indicate 
thai  a  iH'u  vahn'  ii[  /7'' ini^ht.  lKM>l)taiiUMl  l>y  niultiplying  7^i^ 
diffctly  i\v  tlir  ratio  ('.\istiTi<^  lu'lwtMMi  th(^  av(M'a<re  value  of  the 
cnisliiiin;  stiMMiu'ths  of  th(»  two  new  nniiei'ials  and  the  avera^jfe 
vahh*  ot'  the  rrushin<:  stren<^^th  oi  east-  iron  ami  niaehinery  steel. 
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Moreover,  the  investigation  disclosed  the  problem  to  be  far  too 
complicated  to  admit  of  any  so  simple  a  solution.  The  dearth  of 
particular  values  and  the  incompleteness  of  the  experiments  lead- 
ing to  the  above  indication,  were  such  as  to  influence  the  author 
to  say  that  the  statement  is  of  no  practical  value.  However,  it 
may  be  well  to  state  that  the  problem  was  first  attacked  on  the 
assumption  that  a  solution  might  be  had  from  a  com[)arison  of 
the  moduli  of  elasticity  of  the  materials.  This  position  was  ren- 
dered untenable:  first,  because  in  materials  such  as  cast  iron  which 
have  no  well  defined  elastic  limit,  the  modulus  decreases  from  a 
maximum  near  the  beginning  of  the  test;  second,  as  some  per- 
manent deformation  of  the  bore  and  plug  generally  results  as  a 
consequence  of  the  assembling,  the  elastic  limit  of ^ the  material 
is  obviously  passed — this  furnished  a  clew  for  attacking  the 
problem  with  reference  to  the  crushing  strength.  Then  again 
the  investigation  proceeded  Avith  a  trejitment  of  the  hub  as  a 
thick  hollow  cylinder  under  tension:  were  this  assumption  cor- 
rect, the  formulas  of  Professor  Barlow  and  ^lerriinan  should  be 
applicable  and  the  tension  on  every  concentric  layer  caused  by 
the  internal  pressure,  vary  inversely  as  the  square  of  its  distance 
from  the  center.  This  position  is  faulty  in  that  cast  iron  is  not 
homogeneous  in  texture,  is  not  incompressible,  and  when  used 
for  the  material  of  cylinders  of  hydraulic  ])resscs  the  thicknesses 
which  obtain  are  such  that  the  stresses  calculated  by  these  form- 
ulas would  postulate  the  use  of  steel  to  render  them  reasonably 
safe.  This  latter  may  not  be  a  parallel  case,  as  hydraulic  cylin- 
ders are  usually  solid  at  one  end. 

In  passing  the  author  concludes  that  the  influence  wliich  the 
use  of  different  materials  will  have  on  the  i)ressure  may  only  be 
satisfactorily  determined  ])y  experiment. 

8.  The  tabulated  values  of  7^/' from  this  curve  will  j^rove  the 
more  convenient  for  ready  reference;  however,  the  methcxl  of 
using  the  curve  is  as  follows:  Select  the  nominal  diameter  of  the 
fit  and  follow  its  ordinate  up  to  the  curve;  from  tliis  intersection 
follow  horizontally  to  the  left  and  read  PF  the  pressure  factor. 
The  equation  for  the  pressure  is 

-^            ,    n.            Arcaof  i«iirfac»' of  fir  y  Diffrn-ncc  In  dia.betwpon  j>liii:aiHl  bori'  <  r  P* 
FreMiire  in  Tons  = .,- 

The  result  will  be  the  ])ressure  in  tons  recjuired  to  forci*  tli-  plug 
homa  A  foreman  nuiy  thus  also  easily  determine  whether  or 
not  his  press  is  of  sufficient  capacity  for  the  work  in  hand. 
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Shriiihlng  Fits. 

9.  The  Representative  Curve  cliosen  for  shrinking  fits  was  the 
one  whose  ecjuation  gave  allowances  whicli  agreed  with  the  stand- 
ard adopted  by  the  American  Railway  Master  Mechanics'  Associ. 
ation  for  locomotive  wlieel-center  and  tire  gauges.  The  agree- 
ment is  identical  to  the  tliousandtli  decimal  place,  this  being  the 
extent  to  whicli  their  stnndard  is  carried.  The  equation  is  ^  = 
^^  1>  +  .5,  ^1  =  Allowance  in  thousandths  of  an  inch.    The  allow- 
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anccs  obtained  by  the  use  of  this  formula  while  not  excessive  are 
sufficient  to  insure  a  tight  fit,  thus  avoiding  the  danger  of  ex- 
cessive shrinlvage  stresses,  ofttimes  deemed  negh'gihle,  Avhich  are 
always  additional  to  those  incident  to  actual  service.  Taking 
the  modulus  of  elasticity  of  steel  at  30,000,000  tlie  stress  caused 
by  this  amount  of  shrinkage  would  be  about  33,000  pounds  per 
square  inch,  which  is  Avell  Avithin  the  elastic  limit  of  macliincry 
steel. 

10.  Considering  tliis  class  of  fitting  Avith  a  view  to  obtaining 
the  greatest  resistance  to  tension  and  torsicm,  we  discover  that 
shrinking  fits  are  far  superior  to  forcing  fits,  they  being,  under 
like  conditions,  as  Professor  Wetmore  lins  shown,  unifonnly 
about  three  times  as  tight  both  in  tension  and  torsion.  Experi- 
ments seem  to  indicate  that  in  tliis  class  of  fits  the  resistance  to 
torsion  increases  more  rapidly  with  the  diameter  than  does  the 
resistance  to  tension. 

11.  In  the  ]nani})alation,  good  practice  maintains  that  a  piece 
should  rarely  l)c  heated  hotter  than  a  very  dull  red  heat — about 
800  degrees  Fahr. — and  under  no  consideration  to  the  scaling 
point.  This  temi)erature  of  necessity  limits  the  fit  allowance  to 
something  less  than  TOO  degrees  x  .00000556  =  .003802  i)er  unit 
diameter  for  cast  iron.  It  will  be  found  upon  an  examination 
of  the  formula  that  the  heating  to  this  temperature  h  ample  for 
the  allowances  given  by  the  Ileprescntative  Curve. 

12.  Regarding  the  process,  better  results  will  be  obtained  if  the 
entire  piece  be  heated  slowly  and  uniformly  instead  of  trying  to 
hasten  matters  by  ''  blazing  up"  through  the  bore.  The  latter 
practice  is  sometimes  negative  in  its  results;  in  cases  i)erma- 
nently  reducing  the  bore  diameter  instead  of  increasing  it  as 
desired,  the  expansion  being  inward  insttvid  of  outward.  In 
general,  it  may  be  said  that  this  class  of  fitting  re(piires  more 
skill  and  experience  in  its  manipulation  than  does  force  fitting. 
Not  only  in  the  heating  and  assembling  is  this  skill  and  experi- 
ence necessary  but  in  the  cooling  as  well. ' 

JJrirrnrj  Juts. 

18.  Very  few  data  could  be  secured  for  this  class  of  fitting,  the 
inference  being  that  this  method  of  assembling  is  about  obsolete. 
A  field  may  still  exist  for  such  small  work  as  the  assembling  of 
the  smaller  pins  and  cranks  of  valve  gearing,  where  the  foiniula 
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TYPICAL  FORCING  FIT  DIAGRAM. 
Fig.  237. 

for  the  Representative  Curve  niiglit  be  used  to  advantage  when 
the  fit  is  made  Avith  an  {n'l)or  press  or  some  kindred  method.  This 
formula  mi^^'lit  also  be  used  for  some  classes  of  tight-keyed  fits; 
liowever,  tlie  practice^  of  (Iriving  home  a  pUig  by  blov/s  is  too 
crudi^  to  l)e  used  except  wiiere  no  other  method  is  available. 
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Our  Eepresentative  Fonnula  for  tliis  class  of  fitting  is  A  =  i  D 
+  .5,  J.  =  Allowance  in  thousandths  of  an  inch. 

liimning  Fits, 

14.  A  running  fit  is  designiMl  to  allow  the  surfaces  in  contact 
to  move  or  revolve  freely  over  eacli  other.  The  more  nearly  tlio 
surfaces  in  contact  ap])roacli  perfection  the  better  will  be  the  fit; 
however,  there  should  be  a  sufficient  difference  in  diameter  to 
admit  of  motion  and  lubrication.  The  difference  in  diameter  to 
be  allowed  in  any  given  fit  depends  upon  the  following  con- 
ditions: the  nature  of  tlie  mjicliincd  surfaces;  the  kind  of  metals 
in  contact;  the  length  of  the  fit  and  its  duimeter.  The  j^erfec- 
tion  of  the  fit,  depending  largely  as  it  does  upon  the  surfaces  in 
contact,  renders  it  iniporative  that  they  be  smootli  and  true. 
When  possible,  on  the  smaller  sizes,  bored  holes  should  always 
be  reamed,  as  this  not  only  injures  a  standard  size  but  finishes 
the  hole  comparatively  smooth  and  true. 

15.  The  formula  selectcnl  for  tlio  representative  curve  for  run- 
ning fits  on  machine  tool,  engine  wr)rk  and  kindred  i)ractice  was 
A  =  r^^  D  +  .5,  A  =  Allowance  in  thousandths  of  an  indi.  It 
will  be  remembereJ,  of  cours(»,  tliat  in  order  to  obtain  the  bore 
diameter  the  allowance  should  be  added  to  tlie  diani(?ter  of  tlio 
shaft.  For  obvious  reasons  it  was  considered  desirable  that  this 
fonnula  contain  a  constant;  it  assumes  the  condition  of  the  sur- 
faces in  contact  to  l)e  similar  to  that  obtained  by  the  use  of  a 
reamer  and  the  allowances  will  ])c  found  to  fall  slightly  within 
the  limits  given  by  the  representative  curve  on  the  limits 
diagram. 

16.  For  those  who  may  not  know,  in  passin^^,  it  might  b(^  wc^ll 

to  give  a  few  cauticmary  paragraphs  I't'garding  the  ])r()(Iu(*tion  of 

satisfactory  running  fits,     licgai'dinu"  tlie  truth  and  accuracy  of 

bored  holes,  practice  indicsites  that  tin*  Ix^st  ivsults  arc  ()l)tained 

with  a  very  light  cut,  a  high  sjirt  d  and  slow  f(M:>d.     In  light 

chuck  work  there  is  a  ti^ndcncy  in  ti^]it«Miin.ir  the  churk  jaws  to 

distort  the  piece,  and  it  maybe  necessiuy  in  some  instances  to 

partially  relieve  the  pressure  for  tin:  li;:lit  finishing  cut.     The 

most  satisfactory  results  are  ol)taincd,  in  fitting,   wIkm-c  limit 

gauges  are  use<l;  where  no  limit  gauges  an*  to  be  had,  in  many 

instances  it  Avi  11  be  found  advantageous  to  linisli  thiH^on^  first, 

as  it  is  easier  to  fit  the  shaft  to  the  hol«j  than  vice  versa.     AVIien 

a  fit  is  made,  anv  tool  marks  left  <m  either  the  shaft  or  the  bore 
75 
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TYPICAL  FORCING  FIT  PRESSURE  DIAGRAM.        Jfa^,««ava 
Fig.  338. 


wear  away  rapidly  and  def(^at  the  purpose  of  the  work.  Not 
only  is  tlitir  lu^lical  coiistnictiou  conducive  to  rapid  Avear,  but  it 
rcnd(3rs  porlVct  ]ul)ricati()n  almost  impossible,  as  the  grooves 
tend  to  lead  the  oil  out  of  the  bearing.  It  is  desirable  to  have 
the  surfaces  in  contact  ground,  as  they  then  approach  perfection; 
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Liiniis  for  Limit  Gauyes, 

17.  Limit  gauges,  as  we  are  well  aware,  are  used  primarily  as 
time  savers;  tliey  avoid  the  waste  of  time  in  finishing  parts  miduly 
accurately,  while  still  having  tliem  accurate  enough  to  meet  all  tlie 
demands  of  interchanfi:eable  manufacture.     The  selection  of  the 


PITS  AND  FITTING. 


iin 


allowance 


Olr  -- — -,*--p^ 

jug"  --:iiii4----r------'^-^ :--zzzzz...,z:zz :::::::::: 

0J4' -- - - 5 

: _ . :\   ,                                           , ,  J          ,,!,,,____ _.:..., 

,__     ^              ^__  „,,,_        ^  ,_^  .,^,      ^_,             , ,^ 

JIM* -- - J-; 

m      ..^  ^^  ^  ^  ^                                               ^   ^ 

:              _                               :  — ::::::            :^2 

:         :y  z 

X  ji             iL                                              J     £ 

J     / 

:::.; ±.±._..  +  .....±...     .^,e 

x                                                                       /    ? 

■i™*               . :. _,_ rf'  ;._,__ 

:                   :::_-::::::::::::::::::::::]_:2::::::    ^ 

±            ^  ::^:^:-^::::::::::::::::::::::_:?::::::: 

: — :::::::::::?:::::!: 

MB"' —               „                               *i:    —  ^^:?:  ::::::    ^ 

■MB —  --:^      -^-  - -/'-¥ 

/  ^ 

\i 

^^^j:                 "^ 

i««':::::;:.-i:::;:::::-::-::::::::--::::;-,^ i h^--- 

joos  :::":':  — :::::::::::::::::::::::::  3:::±::::::2-::: 

::^„::    ::::::::::^::::::::::::_:^--  :--  __^^='_.;:, 

:^:  :          : ..     .        ^^ — ^.:^ , ^^, ..:::_. _ 

-™.* —                                 :            ^         yv^ '^         — :     ";^            :       : 

-inw /j?'        :  ::::^?  

Xy^           zzzfzi    ^z 

-  *    y  y     -^         "'Jx 

-  -  -                                        /  /     ■    '        ^ ' 

juu- [/.,,;,(    --^ 

^«*  ::-^-        _„__L>1^_^  ii:i!;^:_::_:±4:::_  ,: : 

:   :^"       :       „.:„_:_. _.ZLt. ,  i:._:^:_ _:_:__.._.:.:._:. 

^Tin           ^?' 

/  jfl         .  ^  ^                  _  _  _              _  _  ^  ^ 

Mt*                 -1-             ^-            /  r- 14  J     "      ■     -  ----- -      ;  ^  ^  .  -  ,  -  '    .  I  -  ^ 

-ois — ::      /y  ^"\|>       ^    +  .     :      ..-,p-,.- 

fm"  aZ  .                       ',             ^ ''   jj<^      -» . --..,^                            .  i?r 

•ow  ■    I            _         1    ^    yV           "  "--    -^-„-^^     '    \    \     ^-^ 

joa'-r-T -br^                 ^-'^t^ ;,  Jeqil-f^^ -l^  .--  =  =  - ^ 

H" 3'-^                 4=fi^ iT^  — -T~jJi^^-- 

dPoa^--^^^-i|!-'^>>:^^=4-:^  =  ■-■"=  = T""'"^S 

^1"  X  ^  _^  g*g^  — i-L  ,  1  ,  ■    .  Tj      1  j  >  ?  -^  -p  -^  ^ 1 —  - -^ 

.1                                                   1  •                              ^     i               '                 T                          "T 

B"  4"  a"  G"  7"  S"  i 

TYPICAL  RUNKING  FIT  DIAGRAM. 

Fig.  241, 


Vi,  Plft. 


limits  of  variation  for  any  given  class  of  work  recjuires  experi- 
ence  and  sound  jodginent.  As  it  is  cleaFly  a  matter  of  time- 
saving,  the  problem  resolves  itself  into  two  phases:  the  accuracy 
and  efficiency  of  the  machine  on  tfie  one  hand,  and  the  rapidity 
of  production  on  the  other.     The  largest  limit  of  variation  then 
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that  will  produce  the  desired  accuracy  and  eflBciency  in  the 
machine,  is  the  one  to  be  selected.  For  this  reason  the  selection 
of  a  Representative  Curve  of  limits  proves  a  hazardous  under- 
taking for  any  but  he  who  has  to  do  with  the  production  of  the 
machine;  however,  the  author  ventures  the  curve  plotted  on  the 
limits  diagram  as  being  suitable  for  machine  tool,  engine  work 
and  similar  practice.  In  the  manufacture  of  limit  gauges  there 
are  reasons  why  one  of  the  sets  should  be  made  one-half  the 
allowable  variation  larger  than  the  nominal  size,  while  the  other 

Table  of  Tabulated  Data  Relative  to  Fits  and  Fittino. 


In  order  to  place  the  results  of  this  investigation  in  the  most  convenient  form,  that 
adequate  for  ready  reference,  the  allowance  values  for  each  class  of  fits  were  calculated 
and  tabulated  under  the  following  arrangement. 


Pressure 

Nominal 

Diiimeter 

of  Fit. 

Forcing  Fit 

Shrinking 
Fit  Allow- 
ances. 

Driving  Fit 

Running  Fit 

Limits  for 

Factors. 

Allowances. 

Allowances. 

Allowance.s. 

Limit  Gages. 

i 

.0006 

.00058 

.00035  +  or  — 

i 

.0008 

.00065 

.00039       " 

i 

.0009 

.00073 

.00044       " 

391 

1 

.0025 

.0016 

.0010 

.0008 

.0005 

319 

li 

.0035 

.0021 

.0013 

.0010 

.0006 

240 

2 

.0045 

.0026 

.0015 

.0011 

.0007 

156 

3 

.0065 

.0037 

.0020 

.0014 

.0009         " 

115 

4 

.0085 

.0048 

.0025 

.0018 

.0011 

91 

5 

.0105 

.0058 

.0030 

.0021 

.0012 

75 

6 

.0125 

.0069 

.0035 

.0024 

.0014 

64 

7 

.0145 

.0079 

.0040 

.0027 

.0016 

55 

8 

.0165 

.0090 

.0045 

.0030 

.0018 

48.5 

9 

.0185 

.0101 

.0050 

.0033 

.0020 

43 

10 

.0205 

.0111 

.0055 

.0036 

.0022 

39 

11 

.0225 

.0122 

.0060 

.0039 

.0024 

36 

12 

.0245 

.0133 

.0065 

.0043 

.0026 

30.4 

14 

.0285 

0154 

.0075 

.0049 

26.4 

16 

.0325 

.0175 

.0085 

.0055 

23.3 

18 

.0365 

.0196 

.0095 

.0061 

20.8 

20 

.0405 

.0218 

.0068 

* 

18.8 

22 

.0445 

.0239 

.0074 

17.2 

24 

.0485 

.0260 

.0080 

15.1 

27 

.0545 

.0292 

.0090 

« 

13.5 

30 
38 

.0605 

0324 
.040 

.0099 

+ 
"2 
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»« 

"5 

II 
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II 
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II 

62 
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11 

II 
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A  glance  at  the  Representative  Curves  of  the  various  fits  and  their  formulas  reveals  the 
aMowances  to  bear  the  following  relations  to  each  other:  5,  8,  17,  32,  starting  with  the 
curve  for  running  fits. 
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set  should  be  made  just  as  mucli  smaller.  This,  it  is  believed, 
is  the  practice  of  the  best  manufacturers,  though  in  some  of  the 
data  investigated  such  wjis  not  the  case.     The  representative 

formula  —  =  ^\  D  -h  ,S  gives  half  the  limit  variation  in  thou- 

sandths  of  an  inch,  plus  or  minus  as  desired. 

18.  While  the  specific  values  obtained  from  the  formulae,  dia- 
grams and  table  will  prove,  no  doubt,  of  great  value  to  many, 
they  should  be  taken  as  a  guide  indicating  the  conditions  which 
existed  in  the  data  which  the  author  was  able  to  ])rocure.  As  it  is 
impossible  for  one  in<lividual  to  secure  and  tJibulate  that  amount 
of  information  from  the  thousands  of  progressive  machine 
shops  of  this  country,  necessary  to  indicate  the  average  Ameri- 
can practice  in  this  direction,  the  greatest  value  of  this  paper 
may  be  found  in  its  discussion  by  those  who  know,  and  again  in 
its  indication  of  what  may  be  done  with  similar  masses  of  seem- 
ingly chaotic  data. 

Discrssiox. 

Jfr.  John  Bldflell, — I  have  read  the  paper  by  Mr.  Stiinloy  II. 
Moore,  on  fits  and  fitting,  with  a  great  deal  of  interest,  and  am 
very  glad  to  see  that  som(>  effort  is  l)eing  nuule  to  get  the  matter 
of  allowances  put  in  some  tabulated  form  for  future  reference. 
I  am  particularly  intereste<l  in  tliis  subject  at  this  time,  tus  I  have 
just  proiX)sed  a  dijigram  for  our  own  use,  and  was  just  al)out  to 
issue  it. 

In  making  up  such  talJes  and  diagrams,  it  will  be  found  a 
very  difficult  undertaking  to  make  them  to  suit  all  conditions,  as 
I  will  try  to  ])oint  out. 

Before  making  any  change  in  our  i)rcs(Mit  allowances  I  wrote 
to  a  number  of  engine  builders  for  their  opinion  r(*<::ai*ding  the 
change,  and  received  answers  from  al)out  4o  of  tlicm,  and  the 
answers  furnished  very  interesting  readin«i:  matter:  sonuj  sug- 
gested that  the  present  allowance  was  all  right,  others  said  the 
proposed  allowance  would  be  about  right,  whih?  still  others  said 
it  was  not  enough. 

My  reasons  for  changing  w(T(%  lirst,  to  hav(^  a  gradually  in- 
creasing  allowance,  and  not  in  steps  l)y  .'»  or  \  inches,  because 
I  contend  that  if  an  allowance*  is  riiiht  for  In  inches  the  same 
allowance  would  not  be  right  for  14  or  1.*)  inches.  Second,  our 
old  allowance  is  50  per  cent,  snuiller  than  the  i)roi)osed  allow- 
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.014    .m    Jim    ,Q« 


.001     J002         0        .00",'     .004      .OOG      .00«       .010     .012      .014      .016 
'  Allowance 

FiQ.  242. 


.082     .010 


anco,  and  gave  no  leeway  to  the  shaft  turner.  There  are  many 
thino^s  to  be  taken  into  consideration  in  laying  out  these  tables 
and  dia^^rains:  first,  tlio  n»lation  of  length  of  bore  to  diameter; 
in  our  case  the  lengtli  of  hubs  of  arnuiture  spiders  are  sometimes 
several  times  tlio  diameter,  but  the  actual  bearing  surface  is 
about  equal  in  length  to  the  diameter,  on  account  of  recesses  in 
the  hub.     Second,  the  outside  diameter  of  hub  should  be  taken 


into  consideivition. 


My  diagram  is  laid  out  on  the  basis  of  the 
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hub  being  twice  the  diameter  of  the  shaft.  TliinI,  the  nature  of 
the  materials  should  be  considered.  Fourth,  how  and  where  the 
parts  are  to  be  assembled;  if  they  are  to  be  assembled  where  a 
suitable  hydrostatic  press  is  available,  more  allowance  can  be 
made  than  if  the  parts  are  to  be  put  together  by  the  use  of  bolts 
and  straps. 

My  diagram  is  based  on  actual  experience  extending  over  a 
number  of  years,  and  the  one  we  have  at  present  in  use  is  emi- 
nently satisfactory. 

In  laying  out  the  diagram  wo  took  the  largest  bore  we  had 
made  and  different  smaller  ones  down  to  2  or  3  inches,  and 
plotted  the  curve  to  suit. 

In  my  diagram  I  differ  very  widely  from  Mr.  Moore  in  all  of 
his  tables,  and  also  in  some  of  his  general  deductions. 

By  comparing  some  of  his  tables  with  our  experience  we  have  : 


Forcing  Fit. 

MOOICE. 

lilDDELL. 

6  inches 

.012*) 

.00125 

12       "      

0245 

.00425 

24       '•      

.04S5 

.0045 

80      "     

.0605 

.0055 

87      •*      

.0065 

Shrink  Fit. 

MOUKE. 

IllDDELL. 

6  indies 

0069 

.0035 

12      "     

.ovvs 

.0057 

24      "     

.0260 

.00925 

80      •'      

.0324 

.011 

87      •*     

.01825 

12  feet 

.040  inch 

It  will  be  noticed  by  the  above  that  Mr.  ^Foore  allows  about 
ten  times  more  for  pressure  fits  than  in  my  proposed  table. 

It  will  also  be  noticed  that  ^Fr.  "NFoore  allows  less  for  shrink- 
age than  for  pressing,  while  my  table  gives  double  the  amount. 

I  would  like  to  call  attention  to  another  statement  made  on 
paragraph  12  of  Mr.  Moore's  paper,  in  which  he  says  more  skill  and 
experience  are  re(juir(Hl  for  shrinking  tlian  for  force  fits.  I  have 
seen  a  great  many  fits  of  both  kinds  made  and  never  heard  tliis 
statement  made  before.  If  a  piece  is  being  bored  for  shrinkage, 
say  about  48  inches  diameter,  we  would  allow  .010  inch,  but  if 
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the  same  piece  was  to  be  bored  for  forcing  fit  we  would  only 
allow  .008  inch.  Two  or  three  thousandths  would  make  very 
little  difference  on  the  shrinkage  fit,  as  we  would  be  sure  to  have 
a  tight  fit  if  there  was  such  a  variation  either  way  ;  but  in  the  case 
of  forcing,  if  .003  inch  were  taken  from  .006  inch,  the  press- 
ure would  be  insufficient,  and  if  the  same  amount  was  added, 
the  pressure  would  be  entirely  too  high. 

One  of  the  reasons  for  making  ray  table  was  to  have  some- 
thing for  the  guidance  of  our  designers  and  draughtsmen. 

There  are  five  curves  shown,  and  are  as  follows  (Fig.  242): 

The  left-hand  one  on  the  minus  side  of  O  line  shows  allow- 
ances for  sliding  fit;  I  mean  by  this  such  fits  as  are  not  loose 
or  free  like  a  running  fit,  but  one  that  will  just  slide  without 
any  perceptible  play. 

The  next  curve  is  on  the  right  or  plus  side  of  the  0  line,  and 
shows  exactly  the  same  allowances  for  tight  fits,  for  parts  with 
light  hubs,  such  as  commutator  shells,  etc. 

The  third  curve  gives  somewhat  greater  allowances,  and  is 
used  for  steel  hubs. 

The  fourth  is  for  our  regular  armature  spiders  of  solid  cast- 
iron  hubs. 

The  fifth  shows  the  amount  we  have  found  to  be  correct  for 
shrinkage  fits,  and  for  such  heavy  articles  as  couplings. 

Our  bearings,  or  running  fits,  are  not  given,  as  it  was  not 
thought  advisable  to  put  too  much  on  one  sheet. 

Without  assigning  names  to  the  individual  replies,  it  may  be 
of  interest  for  me  to  give  the  following  list  of  builders  and 
manufacturers  to  whom  my  inquiries  were  sent,  and  the  tenor 
of  their  replies.     Tlie  list  includes: 

THE   HOOVEN,   OWENS,   KENTSCIU.ER  COMPANY. 

THE   LANE   &    liODLEY   CO. 

THE   AVESTING HOUSE   MACHINE   COMPANY. 

THE   WEBSTER   CAMP  &   LANE  CO. 

ROBERT    WETHERILL   &  CO. 

THE  (\    &   G.    COOPER  COMPANY. 

PHO]NLX   n^ON   WORKS  COMPANY. 

McINTOSH,    SEYMOUR   &   CO. 

SKLNNER   EN(HNE   COMPANY. 

AMEUU'AN    ENGLNE   COMPANY. 

FITCnBUHG    STEAM    ENCJINE   COMPANY. 

PROVIDENCE   ENGINEERING   WORKS. 
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THE  WILLIAM  TOD  COMPiVNY. 

QUIXCY   ENGINE   WORKS. 

ERIE  CITY  IRON  WORKS. 

NICHOLS  &  LANGWORTIIY   MACHINE  COMPANY. 

WILLI A.M   A^.    HARRIS   STEAM  ENcilNE   COMPANY. 

AMERICAN   MACHINE  &  ORDNANCE   CO. 

BATES   MACHINE   COMPANY. 

PROVIDENCE   ENGINEERING    WORKS. 

BUFFALO   FORGE   COMPANY. 

A.   L.    IDE  &  SONS. 

WATERTOWN   ENGINE  COMPANY. 

BROWN   CORLISS  ENGINE   (COMPANY. 

8.  MORGAN   SMITH   (^OMPANY. 

BDCKEYE   ENGINE   COMPANY. 

PAYNE   ENGINE   COMPANY. 

PENNSYLVANIA   IRON   WORKS    COMPANY. 

THE   FILER  &   STOWELL  CO. 

HARRISBUKG   FOUNDRY  &  MACHINE   WORKS. 

ATLAS  EN(*INE  WORKS. 

THE    WATTS-(\VMPBELL   COMPANY. 

THE   BALL  &   WOOD   CO. 


**  We  have  gone  over  the  matter  carefully,  and  we  should 
think  that  the  new  allowances  would  be  all  right  for  armatures, 
and  trust  you  will  continue  to  name  the  allowances  we  are  to 
make  in  turning  our  shafts.  We,  of  course,  allow  much  more 
than  the  above  for  our  crank  and  fly-wheel  pressure  fits,  but 
should  think  that  for  your  armatures  these  would  be  just  about 
the  right  allowances."* 


"We  have  felt  that  the  electric  companies'  allowances  have  in 
many  cases  been  less  than  the  limit  of  error,  especially  on  the 
larger  sized  shafts  from  18  inches  up,  as  it  appears  very  difficult 
to  get  any  two  men  to  caliper  alike  on  these  large  diameters, 
even  withVery  carefully  designed  calipers." 


**We  have  always  thought  that  your  present  allowance  is 
very  small,  and  compared  with  our  own  practice,  your  proposed 
allowance  is  still  what  wo  would  consider  extremely  moderate." 


"In  our  practice  foi*  cranks,  crank-pins,  fly-wheel  centres, 
etc.,  we  have  always  allowed  considerably  greater  difference 
than  the  allowance  proposed  in  vour  letter  of  November  IS, 
1902." 
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''We  notice  that  your  proposed  allowances  are  a  decided  in- 
crease over  your  present  practice,  and  we  believe  is  a  step  in  the 
right  direction.  Of  course,  in  the  case  of  steel  castings,  we  only 
make  about  one-half  the  allowance  provided  for  in  the  accom- 
panying blue  print."  

''  The  proix)sed  allowance  that  you  contemplate  making,  we 
think,  is  a  step  in  the  right  direction.  The  units  we  have 
handled  have  not  fallen  below  shaft  of  9  inches  diameter.  We 
always  considered  your  present  allowance  a  little  small,  and 
as  a  matter  of  fact  have  been  keeping  our  shaft  sizes  nearer 
to  the  allowance  you  now  propose  to  insure  good  tight  fit  of 
the  work. ' '  

''Have  compared  your  proposed  allowance  for  press  fits  to 
what  we  have  been  accustomed  to  putting  on  our  fly-wheel  cen- 
tres, and  find  that  they  about  agree,  and  that  it  gives  us  a  press 
fit  of  8,000  to  10,000  pounds  to  the  inch  diameter.  When  it 
comes  to  pressing  steel  cranks,  which  we  f  reauentlv  have  to  put 
on  to  our  shafts,  we  find  that  we  have  to  reduce  the  difl!erences 
to  about  half  of  Avhat  is  given  for  cast-iron.  In  other  words,  if 
any  of  the  armatures  were  steel,  we  would  think  your  allow- 
ances ought  to  be  cut  in  two  to  get  the  same  pressure  that  you 
are  getting  with  the  larger  allowance  that  the  armatures  are 
cast-iron." 

''Would  say  that  we  enclose  a  table  that  we  have  compiled 
from  our  own  practice,  and  an  allowance  of  .(M)2  inches  per  inch 
of  diameter  which  Professor  Sweet  of  The  Stiaight  Line  Engine 
Company  uses.  According  to  Professor  Sweet's  practice,  the 
allowance  will  be  very  heavy  compared  with  your  proposed  sys- 
tem of  allowances.  Our  own  practice  has  answered  very  well 
for  such  things  as  cast-iron  crank-discs,  but  even  ours  is  on  much 
smaller  allowance  than  that  advocated  by  Professor  Sweet.  We 
think  your  present  svsteni  of  sizes  for  forced  fits  is  rather  under 
what  it  should  be,  but  it  is  very  hard  to  get  a  rule  that  will 
apply  to  cast-iron  discs  and  cast-steel  discs." 


"  We  have  your  circular  letter  of  the  18th  in  regard  to  press 
fits.  AVe  never  figure  on  being  able  to  find  apparatus  for  press- 
ing on  hubs  of  wlieels  or  cranks  where  the  engine  is  erected, 
and  this  is  generally  done  in  the  shop  in  any  case,  so  our  advice 
is  of  no  value  as  to  whether  there  will  be  trouble  on  account  of 
heavy  pressures  recjuired  with  your  proposed  allowance.  We 
would  say  that  for  wheel  hubs,  where  they  are  solid,  we  make 
an  allowance  which  is  .oool  1)  +  .005  inches,  where  D  is  the 
diameter.  This  allowance,  you  will  note,  is  intended  to  apply 
only  to  fits  over  VI  inches  diameter,  and  you  will  note  is  a 
greater  allowance  than  your  proposed  standard,  and  we  have  no 
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trouble  about  putting  these  on  in  the  shop;  but  of  course  our 
crank-pin  fits  call  for  a  much  greater  allowance,  and  we  are 
therefore  used  to  heavy  pressures.  We  do  have  an  allowance 
for  the  borinff  of  split  Vheels  of  .0001  D  +  .002  inches,  which 
is  more  nearly  like  your  present  allowance,  but  of  course  we 
have  both  shait  and  vvheel  in  the  shop,  and  tit  one  to  the  other, 
and  the  wheel  hub  has  to  be  stretched  by  the  bolts  at  the  split 
so  as  to  bring  it  together,  which  limits  the  amount  of  allowance 
possible.  Our  practice  is  to  turn  the  shaft  nominal,  or  even 
diameter,  and  bore  the  hub  the  proper  allowance  smaller.  We 
note  the  Westinghouse  Electric  Company  pursue  the  same 
method;  also  they  send  us  a  gauge  the  exact'size  the  shaft  should 
be  instead  of  asking  us  to  make  the  allowance.  We  think  this 
method  is  preferable  to  j^ours." 


"  We  have  your  circular  letter  of  the  18th  regarding  the  mat- 
ter of  changing  the  amount  of  pressure- fit  allowance  which  we 
make  on  shafts  to  fit  your  armatures. 

"  We  would  state  that  we  have  so  little  forcing  of  armatures 
on  shafts  to  do  that  we  are  not  very  well  able  to  judge  in  a  mat- 
ter of  this  kind.  We  generally  finish  the  shaft  to  the  instruc- 
tions we  receive  from  the  dynamo  builder.  In  most  cases  where 
we  have  direct-connected  with  your  dynamos,  we  have  sent  the 
shafts  to  your  works,  and  of  course  you  would  be  the  ])est  judges 
of  the  amount  of  pressure- fit  allowance.  Whenever  we  have 
bail  to  place  the  armatures  on  the  shafts  we  have  nevei*  had 
much  of  any  trouble,  because  we  have  always  sent  exi)erienced 
men. 

"  We  have  never  had  any  complaint  that  our  shafts  were  other 
than  exactly  to  gauge,  so  that  we  presume  either  way  our  shafts 
would  be  niade  satisfactorily." 


"We  think  from  our  own  experience  that  your  present  allow- 
ance is  all  that  can  actually  be  used  with  the  applianc^es  available 
in  putting  the  armatures  on  the  shafts,  and  in  fact,  in  lUDst 
cases,  we  find  that  the  shafts  have  to  be  draw-filed  considerably 
before  the  armature  can  be  forced  into  position  with  the  single 
stud  in  the  end  of  the  shaft." 


"We  have  yours  of  the  ISth,  and  in  reply  would  say  that  we 
are  well  satisfied  at  present  with  the  allowance^  you  make,  and 
have  never  had  any  complaint  as  to  their  being  too  tight  or  too 
loose,  from  any  one  of  the  many  shafts  we  hav(^  sent  out  to  fit 
your  armatures.  If  the  shafts  are  made  correctly  to  your  frau<r<^*s 
with  the  allowance  you  name,  it  seems  to  us  there  is  sutlicient 
pressure  required  to  lit  the  usual  condition  of  things  where  they 
are  put  together," 
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"  I  would  say  that  your  new  schedule  for  proposed  allowances 
is  in  the  neighborhood  of  i  of  what  we  are  allowing  for  crank- 
discs,  hubs  of  fly-wheels,  crank-pins,  etc.,  coming  within  scope 
of  the  various  sizes  mentioned.  Of  course,  the  stresses  which 
these  pieces  have  to  stand  is  probably  greater  than  the  stresses 
imposed  upon  your  armatures,  and  the  nature  of  the  pieces  also 
allows  subjecting  them  to  a  greater  force  fit.  We  would  sav  in 
general  that  the  proposed  allowances,  or  even  more,  would  be 
advantageous  if  the  structure  of  your  armatures  would  allow 
their  bemg  pressed  on  with  this  increased  allowance." 


"We  beg  to  state  that  we  see  no  objections  to  the  proposed 
change  in  allowances  for  generator  shafts." 

"Replying  to  your  favor  of  the  18th  inst.,  in  regard  to  the 
allowance  of  press  fits,  we  find  from  experience  that  the  amount 
depends  upon  the  material,  class  of  work,  hub,  and  mild  steel 
shaft,  with  depth  of  hub  equal  to  the  diameter  of  shaft.  The 
hub  bored  smooth  and  round,  and  the  shaft  turned  true  and 
smooth,  clear  of  tool-marks,  we  consider  the  present  allowance 
about  right;  but  for  press-fit  allowance  for  the  ordinary  boring 
and  turning  with  coarse  feeds  and  tool-marks  left  in,  the  pro- 
posed allowance  is  about  right." 


"  Your  proposed  allowance  table  agrees  almost  identically 
with  our  own  practice  throughout  our  shops  for  the  different 
size  fits  that  we  make,  and  meets  very  heartily  with  our  ap- 
proval." 

"We  do  not  know  to  what  the  pressure  would  be  increased 
by  the  proposed  allowances;  we  should  think  much  would  de- 
pend upon  the  facilities  for  forcing,  which  we  should  suppose 
would  not  exceed  20  tons  in  most  cases.  In  our  work  we  run 
from  20  to  ()0  tons  according  to  circumstances.  We  should  not 
expect  trouble  from  an  armature  fit  of  20  tons  if  it  was  properly 
made  on  shafts  up  to  6  inches  or  7  inches  diameter." 


"  Will  say  that  we  believe  you  are  moving  in  the  right  direc- 
tion. Our  practice  for  cast-iron  hub  fits,  on  open  hearth  forged 
steel  shafts,  is  to  allow  about  double  the  amount  named  in  your 
table  of  proposed  allowances  on  sliafts  from  G  inches  up." 


"Would  say  the  proposed  change  making  greater  allowance 
for  <jonerator  fits  is  approved  by  us.  It  reduces  the  chances  of 
getting  a  loose  fit  for  the  generator,  without  increasing  the 
pressure  recjuired  to  put  it  on  the  shaft  unreasonably." 
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"  We  agree  with  you  it  would  be  a  little  better  to  increase  the 
allowance  over  what  you  have  been  using;  in  fact,  we  have 
always  made  a  little  greater  allowance  than  your  gauges  call  for 
when  making  an  armature  fit." 


"We  note  the  distinction  you  make  between  the  split  and 
solid  hubs.  Would  say  in  this  connection,  we  formerly  made  a 
similar  distinction  between  split  fly-wheels  and  those  with  solid 
hubs,  but  finally  came  to  the  conclusion  that  there  was  no  neces- 
sity for  making  this  distinction,  as  split  hubs  were  readily 
clamped  onto  the  shafts  even  when  the  full  force-fit  allowance 
was  made.  If  this  information  is  of  any  value  to  you,  we  are 
pleased  to  have  furnished  it." 


"  Tour  circular  letter  of  the  18th  inst.,  in  regard  to  allowance 
which  you  propose  for  force  fits  on  the  armature  bores,  has  been 
referrecl  to  the  factory,  and  receives  their  approval." 


"  We  believe  that  your  present  allowances  are  correct.  How- 
ever, so  far  as  we  are  concerned,  there  are  no  objc^ctions  to  in- 
creasing these  allowances  as  proposed.  Where  the  armature 
and  shaft  are  assembled  in  the  shops,  it  seems  to  us  that  the  only 
question  involved  in  the  change  of  the  allowances  is  that  of  the 
strength  of  the  armature  hubs  to  stand  the  increased  T)ressure, 
and  of  course  this  is  a  point  which  you  will  provide  for." 


"  For  one  reason  we  are  rather  inclined  to  favor  the  small 
allowance— namely,  the  (hmger  that  a  shaft  may  be  sprung  in 
the  attempt  to  force  an  armature  shaft  on  over  a  lar<re  allow- 
ance. Of  course,  where  the  annaturo  shnft  is  separate  and 
coupled  to  the  engine  shaft,  or  where  the  i)urchase  is  against  a 
bolt  in  the  end  of  the  shaft,  there  is  practically  little  danger; 
but  we  have  occasionally  suflered  from  sprung  shafts  in  eases 
where  the  erecting  engineer  has  attempted  to  get  a  ])urchas(M)n 
some  part  of  the  crank  itself.  From  an  engine  builder's  noint 
of  view,  therefore,  there  is  some  danger  in  too  large  an  allow- 
ance than  in  too  small  a  one.  On  thii  other  hand,  we  a])pr(»oiat(i 
the  fact  that  a  h)ose  fit  might  be  a  much  more  serious  matter  to 
you  than  to  us,  and  we  are  ([uitc  willing  to  follow  any  standard 
that  you  may  decide  to  make." 


"It  is  a  pretty  difficult  thing  for  us  to  give  you  any  definit(» 
information,  as  Our  own  allowances  are  so  entiiely  diffcM-enf 
from  those  you  ])ro])ose.  For  instance,  on  a  crank  of  IT)  to  1"< 
inches  diameter  wo  would  allow  from  .olT  to  .olS  pres  un^  (:tr. 
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where  you  allow  only  .0055.  Of  course  we  appreciate  the  fact 
that  it  is  necessary  for  j^ou  to  reduce  the  forcing  fits  on  account 
of  lack  of  conveniences  in  erecting." 


''  Would  state  that  the  proposed  allowances  are  just  about  the 
way  we  make  our  fits  at  the  present  time,  and  your  proposed 
mollifications,  therefore,  meet  with  our  approval." 


"  From  our  experience  the  increase  which  you  suggest  would 
not  be  necessary,  if  j^ou  actually  get  what  you  call  for,  as  the 
revolving  piece  of  your  generators  is  of  such  construction  that 
the  allowance  which  you  have  been  using  is  quite  sufficient  to 
get  all  the  pressure  necessary  under  the  conditions — that  is,  in 
our  judgment.  If  you  had  but  one  straight,  comparatively  short 
fit,  the  allowance  would  not  be  nearly  enough;  but  when  it  is 
so  long,  and  two  or  more  fits  to  be  made,  it  would,  as  we  said 
before,  seem  to  us  that  yonr  former  allowance  was  sufficient." 


,    "  We  believe  that  the  I)roposed  allowance  mentioned  in  your 
circular  would  be  safer  than  the  present  allowance." 


"  We  entirely  agree  with  you  that  your  present  allowance  is 
not  at  all  sufficient,  and  as  a  niatter  of  fact,  we  have  invariably 
made  a  rule  at  our  works  to  leave  our  shafts  at  least  .001  inch 
larger  than  tlie  re([uireinents  suggested  by  you. 

'"  As  we  are  very  seldom  interested  in  fits  less  than  12  inches, 
we  take  the  liberty  of  suggesting  that  all  the  allowances  pro- 
nosed  from  12  to  18  inches  are,  in  our  opinion,  at  least  .008 
mch  too  small  still;  in  other  words,  in  fits  from  12  to  15  inches 
we  would  allow  .008  inch,  and  \:>  to  18  inches  we  would  allow 
.0(185  inch,  and  above  18  inches  we  would  allow  .009  inch. 

*'  [n  fact,  we  make  greater  allowances  than  this  on  our  fly- 
wheel discs,  which  are  forceil  on  under  very  similar  strain,  and 
we  may  say  that  the  allowances  made  bv  the  Westinghouse  com- 
pany, on  similar  fits,  are  generally  slightly  greater  than  the 
additions  we  have  suggested  to  your  proi)oseil  allowances." 


''  We  think  the  proposed  allowance  will  be  more  satisfactory. 
Even  with  the  increase,  the  allowance  is  away  below  the  ordi- 
nary practice  on  general  work.  Of  coui*se  vour  reason  for  keep- 
ing allowance  so  small  on  account  of  poor  facilities  in  immy 
power  stations  is  well  founded,  but  we  think  there  will  he  very 
little  trouble  on  that  score  on  account  of  the  change.     We  find 
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that  our  shop  has  been  in  the  liabit  of  leaving  fits  for  dynamos 
on  enffine  shafts  about  .001  inch  Uirger  than  your  gauges  re- 
quired."   

"  We  beg  to  say  that  we  cannot  see  that  the  proposed  cliange 
will  be  altogether  out  of  place,  altliough  we  feel  that  it  would 
increase  very  much  the  difficulty  of  erection  on  the  road. 

"  We  frequently  find  that  with  the  allowances  that  you  make 
at  present  that  the  shafts  have  to  be,  in  many  cases,  draw-filed 
before  it  is  possible  to  get  the  armature  on." 


**In  our  experience  the  present  allowances  seem  quite  suffi- 
cient. If,  however,  you  have  had  considerable  trouble  of  late, 
may  it  not  be  that  you  do  not  get  diameter  of  sliaft  giving  the 
allowance  now  called  for?  If  it  is  necessary  to  s])ecify  .OOf)  incli 
in  order  to  ffet  actually  .OOrt  inch,  there  is*  possibly  no  harm  in 
doing  so  with  those  people  whom  you  find  skimping  tlieir  dimen- 
sions. It  certainly  seems  to  us  that  your  present  allowance,  if 
lived  up  to,  should  be  quite  satisfactory." 


"  Our  allowances  are  on  an  average  40  per  cent,  greater  than 
your  proposed  allowance.  This  is  tor  wheel  hubs,  cranks  and 
crank-pins.  The  length  of  the  hub  of  any  piece  of  cast-iron  is 
a  great  factor  in  determining  the  allowance.  A  hard  casting, 
in  our  experience,  needs  but  one-half  that  of  a  soft  one.  We 
allow  for  a  hard  casting  18  inches  bore  and  1-1  inches  lengtli  of 
hub,  .007  inch,  and  for  a  soft  casting  .OM  to  obtain  about  75 
tons  pressure." 

"  So  far  as  our  experience  extends,  we  have  found  the  present 
aUowances  between  armature  bore  and  shaft  diameter  ample  for 
pressing  fit,  and  do  not  know  a  case  wliere  the  armature  has 
workedloose  on  one  of  our  shafts.  To  increase  materially  this 
pressure  for  shafts  of  given  sizc^s  would,  in  our  opinion,  increase 
the  chances  of  damage  to  the  shafts,  and  we  feel  that  tliis  risk  is 
at  present  great  enough." 

Mr,  John  Colder, — I  think  the  author  of  the  paper  has  re- 
ceived from  various  manufactun^rs,  using  very  different  kinds 
of  machinery,  a  great  deal  of  data.  It  so  happens  that  my 
work,  being  connected  with  very  exact  ilts  and  dnplicate  parts, 
has  been  such  as  to  enable  me  to  construct  a  tables  for  my  own 
work  (see  table  appended),  and  1  hnv(»  compared  it  very  carefully 
with  the  one  given  at  the  end  of  this  j)a[)er;  it  may  be  of  inter- 
est to  state  one  or  two  of  the  results. 
76 
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Taking  the  driving  fits,  I  find  that  Mr.  Moore's  formula 

.   1    ,,  (i",()oo  =  2 ^  "^ -7 

IS  equivalent  to  my 

VI, 000  "^  10,000/ 

The  formulae  are  identical  in  this  respect,  and  I  can  confirm  the 
value  of  the  figures  regarding  tlie  '^  driving  fits."  In  the  *'  forc- 
ing" or  "press  fits,"  however,  the  allowance  given  by  Mr. 
Moore  for  excess  diameter  of  shaft  is  too  great.  Ilis  formula 
reduced  to  the  form  we  use  would  be  ^Air  ^  +  itrJinrj  whereas 
we  use  only  ^uViy  ^  +  rhis  ^^^  ^^^  i^  ample,  the  pressure  being 
from  15  to  22  tons  to  press  up.  Anything  greater  wouhl  burst 
the  hubs  of  ordinary  wheels.  Mr.  Moore's  '^slirinking  fit" 
allowance,  in  fact,  is  identical  with  our  ''  press  "fit  limits.  In 
the  "running  fits,"  the  formula  given  by  ^[r.  Moore  gives  a 
four  times  finer  fit  than  is  ordinarily  used  by  us— siiy,  on  small 
trucks  and  industrial  railway  work,  it  seems  to  me  that  such  fine 
running  fits  as  are  given  by  tjie  author  are  ijuite  impracticable. 
The  "driving  fits"  are  identical  with  our  practice,  and  give  a 
good  result;  the  "press  fit"  being  only  half  the  allowance  we 
give,  and  the  "  running  fit "  l)eing  far  too  fine  for  ordinary  work. 
Mr.  McGeorge, — T  would  like  to  ask  some  questions  perhaps 
not  directly  connected  with  fits.  First,  is  it  advisable  to  mark 
upon  the  drawings  the  different  kinds  of  fits,  or  should  this 
be  left  entirely  to  the  shoj)  foreman?  I  have  been  seriously 
considering  some  method  by  which  we  could  instruct  the  men  in 
the  shop  where  to  leave  these  dilFerent  kinds  of  fits.  One  par- 
ticular instance  that  I  have  in  mind  is  this:  Some  lar<T:e  rollinir 
mill  tables  were  made  with  cast-iron  sidc^s  and  with  scjuare 
brasses  let  into  them  (the  great  trou])le  witli  nearly  all  this  class 
of  machinery  is  making  too  fine  fits),  and  ,  l^  of  an  inch  was  hjft 
between  the  size  of  the  brasses  and  the  size  of  the  openings  in 
the  cast-iron.  That  is,  the  opening  Avas  made  of  the  exact  size, 
and  the  brass  was  shaped  ^  ,V(T  <^f  »^n  i"^'^  smaller  so  that  it  would 
go  in  freely.  I  know  from  my  own  pei*sonal  (experience  that  the 
first  time  they  were  taken  out  tliey  would  be  tight  and  have  to 
be  pulled  out.  The  inspector  objected  very  strongly  to  what  he 
called  slipshod  fitting,  but  I  think  any  one  who  lias  had  very 
much  experience  will  agree  that  it  was  not  at  all  slipshod  fit- 
ting.     Now,   the  question  I  would  like  to  ask  about  that  is: 
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Should  that  have  been  left  to  the  shop  foreman,  or  should  it  have 
been  indicated  upon  the  drawing?  You  get  upon  a  shaft  a 
great  number  of  different  kinds  of  fits.  You  get  a  wheel  pressed 
on— a  press  fit;  you  get  a  journal — a  running  fit;  you  get  a 
loose  pulley;  you  get  a  wheel  that  you  want  to  take  oflf  occa- 
sionally, which  is  a  sliding  fit.  Now,  how  should  all  those 
things  be  indicated;  should  that  be  done  in  the  shop,  or  indi- 
cated on  the  various  parts  that  go  on  the  shaft  ? 

Mr.  Fred  J,  Miller. — In  res}>ect  to  the  question  asked  by  Mr. 
McGeorge,  as  to  whether  the  character  of  the  fits  in  a  given  case 
should  be  stated  upon  the  drawing  or  should  be  left  to  the  shop 
foreman,  I  would  say  that  that  is  one  of  the  questions  which  is 
being  discussed  a  great  deal.  I  have  given  some  attention  to  it, 
and  my  conclusion  is  that  you  cannot  lay  down  a  rule  which  will 
always  be  right  in  every  case,  because  so  much  depends  upon 
the  character  of  the  work.  If  there  is  any  one  in  the  shop  who 
knows  all  about  the  kind  of  work  that  is  to  be  done — if,  for  in- 
stance, the  shop  foreman  is  the  only  man  in  the  works  who 
knows  what  kind  of  fits  should  be* made  on  a  machine,  then  he 
is  the  one  to  decide  that  question  ;  and  if  it  is  desirable  to  state 
it  on  the  drawings,  then  the  draughtsman  should  consult  the 
shop  foreman  before  he  puts  the  information  on  the  drawings. 
In  many  cases,  of  course,  it  is  not  important  that  the  kind  of 
fits  made  in  a  given  case  should  be  a  matter  of  record;  if  it  is 
not  important  then  it  is  left  to  the  foreman,  and  he  makes-the 
fits  which  he  thinks  are  proper.  In  other  cases,  however,  where 
machines  are  being  made  over  and  over  again,  or,  regularly 
manufactured,  i^  is  important  to  know  in  each  case  without  hav- 
ing to  consult  the  foreman,  and  in  such  cases  I  believe  the  record 
should  be  made  on  the  drawing;  but  only  after  consultation 
with  some  one  who  knows  what  sort  of  fits  should  be  made. 

As  to  whether  variations  in  size  for  fitting  should  be  made  on 
the  shaft  or  in  the  parts  fitted  to  the  shaft,  I  think  that  practice 
seems  to  have  settled  that  those  variations  should  always  be 
made  on  the  shaft,  simply  because  we  have  the  tools  made  for 
producing  the  holes;  they  are  usually  in  the  form  of  reamers, 
which  determine  the  size  of  the  holes  to  be  made,  and  which 
cannot  be  altered  very  w(^]l.  The  usual  best  practice  is  to  main- 
tain the  holes  as  near  the  standard  as  the  character  of  the  'svork 
will  permit,  and  then  to  make  on  the  shaft  the  variations  for  the 
different  fits  required,  the  shaft  being  always  finished  by  grind- 
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ing  or  cutting  tools,  which  can  be  readily  adjusted  without  the 
alteration  of  any  tool  that  is  intended  to  be  a  fixed  standard. 

Mr.  A.  E.  Johnson. — The  last  speaker  mentioned  the  desira- 
bility of  maintaining  the  female  as  the  standard,  and  reducing 
the  male  for  clearance.  "While  this  seems  the  only  practical 
way  to  handle  a  standard,  yet  occasionally  a  shaft  must  main- 
tain a  size  continuously  through  its  bearings,  and  perhaps  several 
other  parts.  We  have  sometimes  in  this  case  reduced  the  shaft 
uniformly  to  give  the  minimum  clearance  desired,  and  enlarged 
the  holes  in  the  other  parts  to  give  the  clearance  desired  in  them. 

We  once  heard  it  stated  that  the  Baldwin  Locomotive  Works 
could  send  out  any  part  for  a  machine  twenty  years  old  and 
have  it  fit.  When  we  undertake  any  such  standardization  in 
manufacture,  it  would  seem  necessary  to  first  decide  what  '*  tol- 
erances "  or  variations,  plus  or  minus,  in  the  nominal  dimensions 
can  be  allowed,  so  that  they,  when  combined  with  the  nominal 
clearances  for  any  given  size,  will  give  variations,  or  maximum 
and  minimum  clearances  within  reiison. 

We  submit  a  study  diagram  and  table  for  comparison  with  the 
free  fits  given  by  IVFr.  Moore.  From  this  diagram  and  all  others, 
we  have  seen  it  would  seem  impractical  to  use  straight  lines, 
because  of  the  difficulty  of  combining  the  tolerances  on  the 
female  and  clearance  lines,  and  not  have  tliem  converge  or  give 
a  less  minimum  clearance  on  the  larger  sizes — e.g,^  the  4-inch  as 
well  as  the  20-inch  size  has  in  tliis  case  .0026-inch  minimum 
clearance.  It  will  be  noteil  that  our  '*  tolerance  "  (see  seventh 
column  on  p.  1172  of  Mr.  Moore's  paper)  is  for  1-inch  size  .007 
inch,  8-inch  size  .001-1  incli,  and  20-inch  size  .0026  inch;  surely 
much  work  could  be  manufactured  more  clieaply  with  a  toler- 
ance twice  this,  and  again  some  would  recjuire  half  of  this.  For 
nominal  clearances  for  ordinary  and  journal  iits  (see  sixth  col- 
umn in  Mr.  Moore's  table)  wc  allowed  for  1-inch  size  .0079  inch, 
8-inch  size  .0107  inch,  and  20-inch  size  .0155  inch,  and  for  mini- 
mam  practical  free  fits,  for  1-inch  size  .OO-l  inch,  8-inch  size 
.0054rinch,  and  for  2U-incli  size  .()U78  inch.  When  we  come  to 
assemble  we  have  for  8-inch  size  in  ordinary  fits  a  variation  of 
from  .0079  inch  to  .0135  inch  in  the  amount  of  clearance,  and  in 
the  1-inch  size  a  variation  of  from  .(»005  inch  to  .0098  inch.  In 
the  minimum  free  fits  we  find  in  the  IS-inch  size  a  variation  of 
from  .0026  inch  to  .0122  inch.  In  laying  out  these  lines  it  was 
attempted  to  so  place  them  that  the  ''tolerances"  and  clear- 
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ances  could  be  either  halved  or  doubled,  enabling  the  constructor 
to  the  more  readily  meet  the  requirements  of  different  cases.  It 
goes  without  saying  that  the  most  practical  constructor  in  a 
manufacturing  establishment  is  the  man  to  be  in  charge  of  the 
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designers  in  the  drawing-room,  and  also  that  the  diagrams  and 
tables  will  secure  uniformity  in  work  and  data  upon  which  to 
make  further  modifications.  Any  attempt  to  design  without  them 
leads  not  only  to  variations  in  fits  on  each  new  machine  designed, 
but  loss  of  time  guessing  what  we  will  allow  for  this  and  that  fit. 
We  hope  to  submit  a  more  workable  diagram  and  table  in  the 
future. 

STANDARD   CLEARANCE  AND  TOLERANCE  TABLE. 


FEMALE. 


Siznt. 

Dl 
To 

ameter 

and 

crance. 

Max. 

Hln. 

.25 
.875 

±.0003 
•  .0004 
±.0005 

.C503 

.s;65 

.8745 

.6006 

.ftKO 
.7300 
.8756 

.4904 
.6844 
.7404 
.8744 

.5 

.625 
.7.5 
.875 

±.0006 

1.0007 
1.125? 
1.2607 
1.8T57 

.9993 
1.1843 
1.8493 
1.8743 

1. 

1.125 
1.25 
1.875 

±.0007 

1.5007 
1.11257 
1.750r 
1.8n{7 

1.4003 
1.6943 
1.7493 
1.8743 

1.5 
1.6-35 

1.875 

±.0007 

2.0006 
8.2506 

8.5008 
8.7508 

1.9992 
8.2492 
2.4998 
8.7498 

2. 

2.25 
2.5 
2.75 

±.0008 

8.0000 
8.8509 
8.5009 
8.7309 

8.9991 
8.8491 
8.4901 
8.7491 

3. 

8.25 
3.5 
3.75 

::  .0009 

4.0010 
4.2510 
4.5010 
4.7510 

8.9090 
4.8490 
4.4990 
4.7490 

4. 

4.26 

4.5 

4.75 

±.0010 

s.omi 

5.2511 
5.5011 
6.7511 

4.9969 
5.8489 
5.4989 
5.7489 

5. 

5.25 
5.5 
5.75 

±.0011 

6.0012 
6.2518 
6.5018 
6.7518 

5.9988 
6.84H8 
6.4088 
6.748R 

6. 

6.25 
6.5 
6.75 

±  .0;»12 

7.Q018 
7.0018 
7.5018 
7.7518 

6.9967 
7.8467 
7.4867 
7.7487 

7.25 

7.6 

7.75 

:'  .0013 

8.0014 

7.9086 

8. 

±.0014 

MALE. 
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Clear- 
ances. 


.(WO 
.0076 

.0077 
.0077 
.0078 
.0078 

.0079 
.0079 
.0080 
.0080 

.0081 
.0081 
.008-2 
.0082 

.0083 
.0084 
.0085 
.0086 

.0087 
.0088 
.0089 
.0000 

.0091 
.<NK>2 
.()0«»3 
.0Ui)4 

.0005 
.0096 

jam 
Axm 

.0100 
.0101 

.oia3 

.0104 
.0105 
.0100 

.0107 


SiZEH. 


Clearance. 


Max. 


.242H 
.36^9 

.4929 
.m70 
.7428 
.8078 


Mil). 


Max.    Min. 


Minimum  Free  Fits. 


Char- 
aiicfs. 


.2419  .0080  .(KXiO 
.30091.0080  .0060 


.4917  .0089 
.0107  .008«.> 
.7410  .009.) 
.8000  .0090 


0928  .9914 
1.1178  1.110-1 
1.24-371 1.2418 


.0093 
.0093 
.0094 


1.307711.3603  .0094 


1.4920  1.4912 

1.6176  1.01 02 

1.74:i')  1  7411 

.8075  1.K601 


1.9925  1, 
2.i.'4>4  2. 
2.492:i,2, 
2.7422|2, 

2.902-3  2, 
3.2421  3. 
3. 1920  3. 
3.7119  3. 

3.9919,3. 
4.2418' 1. 
4.1917,4. 
4.7410l4. 

I 
4. Win  4. 

5. 24 1.5  5. 

5.4914  .") 

71l;i5 


9'KK» 
2108 
41H)7 
7400 

9904 
2403: 
4902 

74011 

9SW 
239H  , 
485»7  , 
7:}5W5: 

os-oi' 

2393  , 
73111  . 


.0095 
.0095 

.ooiw; 

.IKI90 

.0099 
.OK-O 
.0101 
.0102 

.oift->  : 

.0106 
.0107 
.0108 

0111 
,0112 
,011.3 

0114 

0117  I 
(•118 
0119 
0120 


5.991:j5.9Ss9  .01-33 

0.2412  rt.-i-i^  .0124 

0.4911  O.IK'C  .012.-1 

7410  0.7:jSf.  .012(} 

I 

«.9910(5.98«<4  .(^1-39 

7.24(9  7. -3:i^^  .WV) 

49(H  7.4S82  .0131 

7407  7.7:W1!.oi:tt 


I 


7.9907i7.98?.»  .0136 

I  '  I  ' 


.0065 
.00(m 
.00(W 
.0068 

.0065 
.0065 
.00<T) 

.oocy 

.0067 
.0007 
.00;i8 
.0008 

.0007 
.0:r8 
.00(>9 
.0070 

.00<;9 
.0070 
.ofr.l 

.00;2 

.0071 
.(X)72 
.0073 
.0074 

.0073 
.0074 
.iN»75 

.«N)75 
.»i07»i 
.0077 
.0078 

.0(r77 

.ooT^J 
.«K)W) 

.0079 


.oo;w 

.0038 


.0i)39 
.0.39 
.0039 

.0040 
.0010 
.0040 
.0040 

.0041 
.(K)41 
.0041 
.0041 

.0012 
.(KV12 
.0043 
.0«}43 

.0044 

.oai4 

.0045 
.0015 

.0040 
.rHi46 
.«HM7 
.0047 

.0048 
.(K)4H 
.0049 
.0049 

.oor-jo 

.00."iO 
.0051 
.(H)51 

.0(\-2 
.01  •."2 

.0(C»;j 

.0ii.'»4 


Sizes. 


Max.    Mill. 


.2407    .24.r. 
.3717    .370i 


Clsarance. 


Max. ,  Min. 


.0048    .0028 
.0(^48    .00-28 


4907,  .495r.  .0051    .0027 


.6217 
.7467 
.8617 

.9907 
1.1217  1, 
.iM07  1, 
.37171, 

1. 1960  1. 

.0210  1, 

1.74(;6!l, 

1.8716  1, 


I 
1 .9900  1 , 
2.2460  2. 
2. 49()5  2. 
2.7405  2. 

I 
2.9*K)5  2. 
3. 2 4(15  3. 
3.  VMM  3. 
3.7404  3. 


.7455 
.8605 

,9953 
,1203 
&4.->8 
370:3 

4952 
0202 
7452, 

8702 

9{)50' 
2450 
4{)49 
7449 

9947 
2447 

4940 
7440 


0051  .0027 
.(XiCl  .0027 
.0051  .0027 


.0054 
.(K).M 
.0054 


.0026 
.O02{5 
J)OiH\ 


.0054    .0026 

I 
.0055  1.0027 
.0055    .0027 
.(X)55  I.(HI27 
.0055    .0027 

.0058  .00-20 
.00.58  1.0020 
.(M159  .00-27 
.wm  1.(077 

.0n{J2  .o(*2C 
.0(M;2  ,.0026 
.i^m  .(KI27 
,o(HW  l.(K^27 


3.9904  3.9944  .(K)ft';  1.0020 

4.24(V4  1.24  41  .OOiiO  .0(^2fi 

4.4JMW  4.4943  .(n  6r  .(K^J7 

4.74(^4.7443  .(..»:;7  .0027 

4.9903  4. 9f»4r.O0T0  .((\Y. 

5.24««5.2441;.0070  .0026 

').41>62  5.4940  .0071  ;.0027 

').7402  5.744(»  .0()71  .00-27 

5. 9'.HJ2  5.99.38  .0074  .0020 
10.2462  0.243^  .0074  i  .(MWJ 
0.4901  0.4937  .0075  AHt27 
.0.7401  0.74:37  .(K175    .0027 

|o.9'.»01  0.1Hw'.rH)78  '.0020 
17.2401  7.2i:ir)  .0<;78  .00-26 
7. 49007.4934  .(»o79  ..(Hh27 
7.74«'»o7.74:M  .0079  !.0.^37 

7 .  TK.iOO  7 . 1»9::2  .  00S2    . 0:  hJO 

■■  I  '  I 


For  very  clone  work  tin-  Tolerance  may  Ikj  lialveil. 


111)0 


FITS   AND   FITTING. 


Mi\  John  CaMer, — About  a  year  ago  the  question  came  up 
wliere  I  am  engjiged  as  to  just  what  are  the  proper  ''  fits,"  hoAv 
they  are  to  bo  recorded,  and  so  on.     The  foreman  of  the  shops 


Standard  Thrrmia       \_     i  j    :^ 
Wrench  TiyI It  \  ^.^ 

Fig.  214. 


did  not  know,  tlie  liead  draughtsman  did  not  know,  nor  did  any 
of  tlio  drauglitsmen  in  tlie  oiRce  know — in  fact,  nobody  knew. 
"We  asked  the  men,  but  could  find  out  nothing.  After  some 
consideration  and  investigation  among  tlie  outside  erectors  and 
users  of  machinery,  we  drew  up  tables,  had  them  printed,  and 
then  appointed  one  of  the  draughtsmen  in  the  draughting-roora 
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to  attend  to  them.  These  tables  were  edited  from  time  to  time 
as  experience  directed,  and  after  he  was  thoroughly  conversant 
with  all  the  facts,  we  instituted  a  ""limit"  system.  Every 
draughtsman  put  upon  his  drawings — 30  inches  by  40  inches — 
eight  numbers,  the  sheet  was  divided  into  eight  different  draw- 
ings, the  original  tracing  was  kept,  and  the  blue-print  was  cut 
up  along  the  margin  lines,  so  that  each  machinist  had  only  a 
little  drawing,  llj  by  18  inches,  of  related  parts  to  look  at,  with 
nothing  but  machining  dimensions  thereon,  the  original  paper 
drawing  alone  bearing  pattern  maker's  figures.  The  "limit" 
man  receives  every  drawing  from  the  draughtsmen,  with  nom- 
inal sizes  on  same,  and  he  adds  the  limiting  decimals  for  each 
class  of  fits,  either  above  or  below  the  line  (see  Fig.  244). 

In  regard  to  the  shafts  (see  table)  for  all  fits  except  "paral- 
lel" shafts  and  bushings,  the  holes  are  always  changed,  and  the 
shafts  remain  standard  in  dimensions.  TVe  have  had  this  system 
in  operation  now  for  about  a  year,  and  it  works  very  well 
indeed. 

Mr,  Stanley  11.  Moore* — Owing  to  an  unavoidable  and  de- 
plorable lack  of  time  the  author  is  unable,  at  this  writing,  to 
give  to  the  criticisms  of  his  paper  the  attention  which  they 
require. 

In  reply  to  Mr.  Riddell's  criticism,  the  author  wishes  to  state 
that  in  placing  before  us  his  deductions  and  the  replies  to  his 
circular  letter,  he  has  added  matter  of  considerable  value  to  the 
discussion;  however,  the  author  does  not  stop  to  take  up  in  de- 
tail his  deductions  and  proposed  chart,  but  calls  the  attention  of 
the  reader  to  the  very  instructive  and  significant  replies  from 
those  who  have  to  do  with  the  assembling  of  cranks  and  shafts 
and  fly-wheels  under  just  the  conditions  which  tlie  author's 
curves  assume.  A  dozen,  more  or  less,  believe  his  allowances  to 
be  too  small;  many  are  negative  or  evasive,  while  six  or  seven 
believe  that  his  values  would  be  "  about  right;  "  some  few  sug- 
gesting that  the  "structure  of  your  armature"  be  such  as  to 
permit  the  use  of  greater  allowances.  One  concern  cites  the 
practice  of  the  Westinghouse  pe()]^le,  stating  that  they  us(i  allow- 
ances on  similar  work  which  are  considenibly  ^r^'eater  than  those 
obtained  from  Mr.  Kiddeirs  chart,  while  anotli(»r  concern  uses 
values  for  similar  work  that  are  three  times  thosf?  proj)osed. 

*  Author's  Closure,  under  the  Kules. 
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Mr.  Riddell  was  evidently  hasty  in  his  reading  of  the  author's 
sentence  relative  to  the  skill  and  experience  required  in  the 
manipulation  of  forcing  and  shrinking  fits.  With  the  realiza- 
tion of  the  truth  of  his  statement  regarding  the  making  of  tho 
fit,  the  author  was  careful  to  state  that  it  is  in  the  manipulation 
of  shrinking  fits  that  the  greater  skill  is  required. 

To  Mr.  Calder's  criticism  of  the  values  for  forcing  fits,  the 
author  will  say,  as  he  must  likewise  say  to  all  other  criticism 
presented,  and  as  he  has  already  said  in  closing  the  paper,  that 
the  values  which  he  submitted  were  to  be  taken  as  a  guide,  and 
as  indicative  of  the  conditions  which  existed  in  the  data  which 
he  was  able  to  procure. 

In  closing,  the  author  wishes  to  heartily  thank  all  those  who 
have  given  the  time  and  labor  necessary  to  discuss  this  impor- 
tant subject,  and  to  further  state  again  that,  "  As  it  is  impossi- 
ble for  one  individual  to  secure  that  amount  of  information  from 
the  thousands  of  progressive  machine  shops  of  this  country,  nec- 
essary to  indicate  the  average  American  practice  in  this  direc- 
tion, the  greatest  value  of  this  paper  may  still  be  found  in  its 
discussion  by  those  who  know,  and  again  in  its  indication  of 
what  may  be  done  with  similar  masses  of  seemingly  chaotic 
data." 
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THE    EXPERIMENT    BOiLEU    OF    THE     OHIO    STATE 
UmVEMSITY,    H777/  RESULTS  OF  SOME  TRIALS, 

1-  The  purpose  of  this  paper  is  not  only  for  the  presentation  of 
a  description  of  the  Oliio  State  University  Experimental  Boiler 
Plant,  which  the  %vriter  believes  will  he  of  general  interest,  but  to 
give  to  the  Society  some  of  the  results  that  have  been  ohtained 
from  this  installation  by  a  seriea  of  trials  of  variable  lengths, 
differing  conditions  and  different  kinds  of  coaL 

Previous  to  the  year  1901  at  the  Ohio  State  University,  to  carry 
on  class  work  in  boiler  testing  and  to  conduct  boiler  fuel  trial s,  it 

jwas  necessary  to  press  into  service  one  of  the  boilers  of  the  Uni- 
versity plant  at  such  time  as  it  was  available  and  under  the  con- 
ditions existing.  This  was  quite  a  serious  drawback  for  experi- 
mental  work  in  that  there  would  necessarily  be  very  little  flexibility 
in  the  apparatus.      The  need  of  the  University  in  this  direction 

fwas  brought  to  the  attention  of  a  well-known  and  honored 
member  of  this  Society,  Stillman  W*  Robinsonj  Emeritus  Professor 
of  Mechanical  Engineering,  who  not  only  ei^tablLshed  the  Dcjiart- 
ment  of  Mechanical  Engineering  at  Ohio  State  University  and 
for  many  years  was  its  head,  but  was  the  originator,  I  believe,  of 
the  first  Mechanical  Engineering  Department  in  this  country  con- 
nected with  a  State  iniiversity,  that  at  Champaign^  Ilk  Although 
at  the  time  Professor  Robinson  was  not  actively  connected  with 
the  University,  yet  he  retained  such  an  active  interest  in  its 
growth  and  welfare  that  he  at  once  donated  to  the  Institution  a 
very  complete  oiitfit  for  boiler  and  fuel  testing. 


*  PreaeotPii  at  the  Saratoifa  meeting  (Juno,  10OE)  of  thc>   Amerlcaia   Society 
of  Mpchanica)  Engineers,  and  formic g  part  of  Voluxae  XXIV.  of  the   Trunt- 
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Descripiion, 

2.  This  equipment  consists  principally  of  a  Babcock  and  Wilcox 
boiler,  Green's  fuel  economizer,  air  heater,  and  Stur tenant  in- 
duced and  forced  draft  fans.  The  economizer^  which  is  of  the 
Green  Fuel  Company's  standard  make,  has  forty-eight  4J-inch 
diameter  cast  iron  tubeSj  9  feet  long,  put  up  in  twelve  sections  of 
four  tubes  each,  giving  a  total  heating  surface  of  570  square  feet 
The  scrapers  of  the  economizer  are  run  by  a  small  independent 
engine  located  on  top  of  the  ccoiiomizc»r.  The  air  heater,  Fig*  25(), 
wliif'li   WiLs  oonstnicted  in  the  Department  of  ilechanieal  Engi- 


Fii 


neeringt  is  niade  of  three  hundred  and  fifty-ono  2-inch  tubos^  8 
feet  long,  giving  a  heating  surface  of  1,-330  square  feet.  The 
tubes  used  in  its  construction  were  condemned  locomotive  boiler 
tubes,  light  of  weight  but  perfectly  sound,  consequently  answering 
every  purpose  for  an  air  heater*  They  were  arranged  staggered 
2|:  inches  vertical  and  3  inches  horizontal  pitch  expanded  into  the 
two  tube  sheets  as  shown.  On  account  of  the  very  irregular  ex- 
terior surface  of  these  tubes,  the  holes  in  the  tube  sheets  were 
punched  large  enough  to  allow  them  to  slip  easily  in  place  and  con- 
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sequently,  in  order  to  prevent  tubes  from  fracturing  when  expand- 
ing them  into  place,  it  was  necessary  to  use  sheet  iron  liners 
around  the  tubes  at  the  tube  sheets.  The  length  of  the  heater 
had  to  be  such  as  to  conform  to  the  only  available  practical  loca- 
tion, that  is,  just  to  the  rear  of  the  economizer.  The  boiler  is  of 
wrought  steel  construction  throughout,  built  for  a  working  pres- 
sure of  200  pounds,  and  has  fifty-six  4-inch  by  16-foot  tubes  and  a 
42-inch  diameter  drum,  giving  a  heating  surface  of  1,070  square 
feet,  or  a  builder's  rating  of  107  horse-power.  The  furnace  is 
of  the  "  Dutch  oven  "  or  fire  brick  arch  type  with  stationary  grates 
with  an  area  of  25  square  feet.  The  principal  reason  for  select- 
ing this  size  of  boiler  and  type  of  furnace  is  that  the  one  boiler  in 
the  University  plant  on  which  many  trials  have  been  conducted 
is  of  the  same  sizo,  with  the  exception  of  the  drum,  but  the 
furnace,  however,  is  of  the  automatic  stoker  Murphy  type,  with 
fire  brick  arch,  thereby  enabling  results  to  be  obtained  compar- 
ative of  the  two  forms  of  furnaces,  that  is,  hand  firing  versus 
automatic  stoking.  Even  if  the  above  conditions  had  not  existed, 
the  selection  of  the  same  type  of  furnace  would  have  been  made 
for  the  reason  that  the  hand  firing  method  is  best  suited  for  in- 
struction work  to  students  and  for  the  general  testing  of  all  kinds 
and  conditions  of  fuels,  and  also  that,  in  the  opinion  of  the  writer, 
every  boiler  furnace — stoker  or  hand  fired  where  bituminous  coal 
is  used — should  have  a  fire  brick  arch  extending  the  length  of 
the  grate  bars,  not  only  for  the  purpose  of  obtaining  high  furnace 
temperatures  and  more  complete  combustion,  but  because  the 
boiler-heating  surfaces  should  be  protected  from  the  gases  while 
in  the  state  of  combustion,  since  there  are  many  cases  in  practice 
where  tliere  has  been  hoiivv  depreciation  of  the  boiler-heating 
surfaces  located  directly  over  a  fire  of  high  rate  of  combustion 
witli  high  volatile  coals  and  the  failures  could  be  attributed  to  no 
other  cause. 

The  induced  and  forec^d  draft  fans  are  the  B.  F.  Sturtevant 
centrifugal  steel  i>late  type,  that  for  the  induced  draft  is  their 
No.  70  4S-ineh  wheel  with  4-incli  by  4-inch  direct  connected  ver- 
tical engine,  while  that  {or  forced  draft  is  their  No.  60  36-inch 
wheel  with  overhung  pnlloy,  belt  driven  by  an  independent  com- 
pound engine.     Both  fjins  have  their  inner  journals  water  cooled. 

3.  Before  takinir  U]>  tlie  (lescri])ti()n  of  tlie  arrangement  of  the 
apparatus,  T  wisli  to  say  in  ex])lanation  to  those  to  whom  the  ques- 
tion might  occur  of  why  such  an  arrangement  was  made,  that 


1196   THE  EXPERIMENT  BOILER  OF   THE  OUIO   STATE  UNIVERSITY. 

there  was  only  one  place  available  for  the  placing  of  the  equip- 
ment, and  that  such  place  was  very  limited  in  "floor  space — conse- 
quently it  can  not  be  assumed  that  the  best  possible  arrangement 
of  such  an  equipment  is  that  shown,  but  for  this  particular  case 
it  has  been  found,  after  nearly  three  years  of  service,  to  be  very 
convenient  for  manipulation  and  experimentation. 

4.  The  general  arrangement  of  the  testing  plant  is  shown  in 
Figs.  240,  247,  248  and  2  id.  The  furnace  sets  out  in  front  so  that 
the  front  of  the  bridge  wall  is  on  a  line  with  the  front  of  the  boiler 
and  the  arch  extending  1  foot  6  inches  beyond  the  end  of  the  grate, 
bars,  thereby  leaving  that  space  which  in  the  ordinary  setting  is 
taken  up  with  the  grate  bars  free  for  experimentation  by  the  in- 
st^rtion  of  fire  brick  deflectors,  checker  work,  Kents  "  wing  walls," 
etc.  At  the  rear  of  the  boiler  is  a  24-incli  by  36-inch  opening 
leading  to  the  main  boiler  house  flue,  controlled  by  a  vertical 
sliding  damper.  To  the  right  at  the  rear  are  located  the  econ- 
omizer and  air  heater.  An  18-inch  by  48-inch  passage  with 
vertical  swinging  damper  connects  the  boiler  and  economizer. 
At  the  end  of  the  economizer  is  a  1  foot  by  9  foot  6  inch  opening 
to  air  heater,  and  at  end  of  air  heater  a  24-inch  by  36-inch  open- 
ing, controlled  by  sliding  damper  into  main  smoke  flue.  At  the 
entering  end  of  the  air  heater  is  an  18-inch  by  48-inch  opening 
connected  by  a  breeching  to  the  main  flue — this  opening  is  closed 
by  means  of  a  temporary  brick  wall  at  such  times  as  the  conditions 
of  the  trial  demand.  At  the  exit  end  of  the  air  heater  there  is 
also  an  18-inch  by  48-inch  opening  in  the  wall  between  air  heater 
and  boiler,  closed  by  a  temporary  brick  wall.  In  the  main  boiler 
flue  is  a  24-inch  by  36-inch  damper  for  cutting  off  or  regulating 
the  natural  draft  produced  by  the  boiler  house  chimney. 

Near  the  junction  of  the  boiler  and  economizer  wall  is  a  24- 
inch  by  24-inch  opening  in  the  floor,  connecting  into  an  under- 
ground brick  flue  passing  beneath  the  economizer  to  the  space 
below  the  air  heater  between  the  tube  sheet  and  the  air  heater 
partition.  On  the  other  side  of  this  partition,  connecting  into  a 
chamber  below  the  heater,  is  another  brick  duct  leading  to  a  27^- 
inch  galvanized  iron  elbow  connecting  to  the  forced  draft  fan. 
This  elbow  can  be  very  easily  removed  so  that  air  can  be  taken 
direct  from  the  boiler  room  without  the  intervention  of  the  air 
heater.  A  22f-inch  galvanized  iron  flue  connects  the  fan  with  an 
opening  under  the  furnace  bridge  wall,  which  has  its  outlet  into 
the  ash  pit  through  a  17-inch  by  29-inch  opening  controlled  by  a 
damper. 
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Fig.  246. 
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Fig.  249. 


5.  The  induced  draft  fan  is  located  above  the  boiler  and  to  the 
rear,  supported  on  a  brick  arch  of  6  feet  6  inch  span,  sprung  be- 
tween two  10-inch  channels  held  by  six  2"ii^ch  tie-rods.  The 
whole  rests  on  two  G-incli  I  beams  supported  by  the  boiler  house 
wall  and  the  boiler  eliannels.  Tlie  point  of  support,  however,  on 
tlie  boiler  channels  is  directly  ovor  tlio  boiler  rear  suspensions 
columns  so  as  to  avoid  any  transmission  of  engine  vibration  to  the 
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boiler^  and  this  has  been  found  to  be  the  case  with  the  engine 
running  as  high  as  500  revolutions  per  minute. 

A  30-inch  iron  duct  connects  the  main  smoke  flue  at  the  rear  of 
the  boiler  with  the  fan  whicli  discharges  the  gases  to  the  atmos- 
phere through  a  25J-inch  horizontal  duct  passing  through  the 
boiler  house  wall.  The  30-inch  flue  has  a  swinging  damper  near 
its  connection  to  the  fan,  this  damper,  of  course,  being  closed 
when  using  natural  draft. 

6.  Above  and  to  the  front  of  the  boiler,  supported  by  the  I 
beams  which  support  the  coal  conveying  machinery  and  hoppers,  is 
the  water  weighing  tank  and  scales.  This  tank  can  be  filled  with 
either  hot  or  cold  water,  has  a  capacity  of  2,100  pounds,  and  opens 
through  a  quick  opening  valve  into  a  collecting  tank  of  6,000 
pounds  capacity,  suspended  underneath.  This  collecting  tank, 
which  is  covered,  has  two  floats,  one  for  use  on  ground  floor  as 
well  as  one  on  the  platform,  and  also  an  overflow  pipe  extending 
vertically  through  the  bottom  of  the  tank  to  within  two  inches  of 
the  top.  A  pipe  connects  this  overflow  to  a  collecting  can  on  the 
ground  floor — ^for  the  collection  of  any  water  that  might  run  out 
of  the  overflow  while  a  test  was  in  progress. 

A  E[nowles  8-inch  and  5-inch  by  10-inch  plunger  pump  is  used 
for  feeding,  either  direct  into  the  boiler  or  by  the  way  of  the 
economizer.  The  feed  line  is  so  arranged  that  this  pump  with  its 
accessories  may  be  used  for  any  other  boiler  in  the  plant.  The 
steam  line  from  the  boiler  has  in  it  a  5-inch  Stratton  separator 
and  a  5-inch  extra  heavy  globe  valve,  conveniently  located  for 
manipulation  so  that  the  steam  pressure  on  the  boiler  may  be 
controlled  regardless  of  that  on  the  down  side.  There  is  also  a 
8-inch  auxiliary  line  for  the  purpose  of  blowing  steam  into  the 
atmosphere. 

To  guard  against  losses  through  tlie  blow-oflF,  there  are  two 
valves  in  the  line  and  also  a  union  between  the  valves  where  a 
blank  flange  may  be  inserted  in  case  tliere  is  a  possible  leak 
through  both  valves. 

To  the  front  of  the  boiler  dnim,  in  addition  to  the  regular  water 
column  with  gauge  eoeks  and  dass,  there  is  connected  a  Reliance 
high  and  low  water  alarm. 

All  steam  and  hot  w\ator  pi])in^  is  oovored  ^\nth  "Keasbv  and  Mat- 
tiison  magnesia  covering:,  the  top  of  the  economizer  with  magnesia 
blocking,  and  the  slidinpr  door  in  front  of  the  air  heater  with  their 
air  cell  paper.     In  bricking   in   the   equipment   there   were  no 
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special  features  introduced  in  the  way  of  special  brick,  air  spaces, 
etc.,  since  it  was  the  purpose  to  have  all  things  conform  as  near  as 
possible  to  what  universally  prevails  in  practice. 

7.  From  the  arrangement  shown  and  the  description  given,  it 
will  be  seen  that  the  principal  possibilities  for  experimentation  are 
as  follows : 

1.  Boiler  with  natural  draft. 

2.  Boiler  with  induced  draft. 

3.  Boiler  with  forced  dr  .ft. 

4.  Boiler  and  economizer  with  natural  draft. 

5.  Boiler  and  economizer  with  forced  draft. 

6.  Boiler  and  economizer  with  induced  draft. 

7.  Boiler,  economizer  and  air  heater  with  natural  draft. 

.   8.  Boiler,  economizer  and  air  heater  with  induced  draft. 

9.  Boiler,  economizer  and  air  heater  with  forced  draft. 

10.  Boiler  and  air  heater  with  natural  draft,  forced  draft  fan 
being  used. 

11.  Boiler  and  air  heater  with  induced  draft,  forced  draft  fan 
being  used. 

12.  Boiler  and  air  heater  with  strong  induced  draft  alone. 

13.  Boiler  with  different  grate  areas  under  any  of  the  above 
combinations. 

14.  Boiler,  economizer  and  air  heater,  products  of  combustion, 
making  two  passes  through  the  latter,  lower  and  then  upper  half. 

15.  Boiler  with  different  steam  pressures  from  0  to  200  pounds. 
This  equipinciit  was  installed  under  the  supervision  of  Wm. 

C.  McCracken,  during  April  and  May  of  1 000,  but  on  account  of 
the  many  details  necessary  for  experimental  work,  was  not  com- 
pleted until  February  of  1901.  At  this  time,  A.  J.  Boehme,  G. 
R.  Bott  and  J.  S.  Wilson,  members  of  the  senior  class  in  Mechan- 
ical Engineering  for  graduation  thesis,  carried  on  under  the 
(lireotion  of  the  writer  a  series  of  tests  on  this  equipment  for  the 
purpose  of  determining  principally  the  ^rain  in  efficiency,  due  to 
the  economizer  and  air  heater,  and  the  efficiency  of  the  plant  as  a 
whole. 

Apjiaratus  Employed. 

8.  Draft  gauges  wore  connected  to  the  ash  pit,  to  the  combus- 
tion chamber  back  of  the  bridge  wall,  to  the  space  at  the  end  of 
boiler,  to  passages  entering  and  leaving  the  economizer  and  to 
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^mce  at  the  end  of  the  air  heater.  The  draft  gauge  at  the  end  of 
tiie  boiler  was  of  the  differential  type*  the  liquids  being  alcohol  and 
coal  oil-  Hohniann  &  Maurer  mercurial  pyrometers  were  used 
for  obtaining  flue  gas  temperatures  leaving  boiler  and  econ- 
onjizer.  For  obtaining  the  flue  gas  tempeniture  at  the  end  of  the 
air  heater,  since  it  ivas  impossible  by  means  of  a  pyrometer  to 
reach  the  proper  point  for  obtaining  such  temperature,  a  ther* 
momcter  was  encased  in  an  iron  tube  with  side  cut  away  for  read- 
ing, the  thermometer  bulb  bring  encased  in  a  piece  of  brass  ^J  inch 
diameter  and  2i  inches  long,  in  order  that  the  thermometer  would 
remain  constant  for  several  seconds  after  removal  from  the  flue, 

9.  Thermometers  were  used  for  taking  the  temperature  of  the 
air  entering  the  air  heater,  on  entering  the  elbow  connected  to  tlio 
forced  draft  fon  and  on  entering  the  asli  pit,  also  the  feed  water 
on  entering  and  leaving  the  economizer  and  on  entrance,  to  the 
boiler  drum*     Thermometers  wem  also  inserted  in  the  boiler  wall 
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depths  of  tbree-qnartcrs,  one-balf  and  one*qnarter  of  its  thick- 
ness, the  three  therniometcrs  being  within  a  radius  of  3  inches 
and  located,  as  shown  in  Fig.  24s,  35  inches  to  the  rear  of  and 
02  inches  below  the  top  of  the  front  suspension  column. 

10.  Two  pressure  gauge.^  were  connected  to  the  5-inch  line 
above  the  boiler,  one  alx>ve  and  one  below  the  throttling  valve,  and 
aleo  a  Barrus  calorinu'tcr  to  the  vertical  line,  3^  feet  above  the 
drum. 
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11,  For  analyzing  flue  gases,  tlif*  Orsat  apparatus  was  used,  the 
sample  being  drawu  continuously  by  means  of  either  a  water  or 
steam  aspirator  through  a  |-iiich  sampling  pipe,  which  in  turn  con* 
neets  to  the  sampling  tuho  extending  across  either  the  opening  to 
the  main  smoke  iliie  or  the  one  to  tlie  economize r,  a^s  occasion 
demands.  The  form  of  sampling  tube  used  is  a  J-inch  pipe 
plugged  at  one  end  and  lias  1-10-ineh  holes  (j  inches  apart  drilled 
along  the  side  whieh  faces  down  stream.     This  form  of  tube  has 
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been  found  by  Professor  N.  W.  Lord  to  draw  an  average  sample, 
and  is  the  same  form  tliat  lias  heeji  in  use  by  him  and  the  writer 
for  the  past  nine  years.  There  is  also  ennnected  to  the  boiler  on 
a  separate  sampling  line  and  tube,  an  Arudt  EconometeTj  but  this 
was  not  in  use  during  the  tests  reported  in  this  paper* 

Fig.  250  shows  the  .style  of  tlie  oven  furnace  front,  the  only 
modilieation  of  same  being  a  3-ine!i  hole  covered  with  mica  in  one 
of  the  ash  pit  doors  for  the  purpose  of  examining  the  fire  when 
running  under  forced  draft. 

Fig.  2r>l  sliow,-^  a  portinu  nf  tlie  rear  ri4»:bt-liand  sirle  of  tlie  Imiler 
setting,  with  a  Hofmimn  &  Maurer  pyrometer  and  a  differential 
draft  gauge  in  place.  Just  to  the  right  of  the  draft  gauge  is 
ehown  a  rope  by  means  of  which  the  speed  of  the  induced  draft 
fan  is  controIlGtl.  Also  another  device  for  opening  and  closing 
the  natural  draft  damper. 
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'  Method  Employed  in  Carrying  on  the  Trials. 

12.  The  boiler  is  fired  continuously  from  thirty-six  to  forty- 
eight  hours  before  the  trial,  in  order  that  the  setting  should  be 
thoroughly  heated.  About  two  hours  previous  to  the  commencing 
of  the  test  proper,  the  fire  is  drawn,  the  damper  being  closed,  the 
grate  bars  and  ash  pit  cleaned,  and  a  new  fire  immediately  kindled 
with  the  coal  to  be  used.  This  new  fire,  which  always  starts  very 
rapidly  on  account  of  the  hot  fire  brick  arch,  is  brought  as  quickly 
as  possible  to  the  condition  to  be  maintained  throughout  the  trial, 
the  draft  being  regulated  to  give  the  desired  fuel  consumption  and 
depth  of  fire  fixed  to  secure  the  best  combustion  with  the  least 
per  cent,  of  air  excess.  The  tubes  are  blowm  free  of  soot  after 
starting  the  fire.  About  ten  minutes  before  starting  the  test 
proper,  the  exact  time  being  noted,  the  last  fresh  coal  is  thrown 
on  and  five  minutes  later  the  fire  is  leveled  witli  a  rake  and  the 
thickness  determined  by  resting  a  bar  on  the  bed  of  fire  and  level- 
ing same  by  sighting  on  a  level  gauge  and  tlien  noting  the  height 
by  graduations  on  the  fire  door  which  is  open  just  enough  to 
allow  the  rod  to  pass  into  the  furnace.  This  method,  the  writer 
believes,  is  much  more  accurate  than  gauging  by  the  eye,  which 
is  quite  impossible  for  any  degree  of  accuracy  with  this  style  of 
furnace  and  high  volatile  coals.  At  time  for  starting,  the  feed- 
water  is  -brought  up  to  the  overflow  point  in  the  lower  collecting 
tank  (the  pump  having  been  closed  down)  and  the  height  of  water 
in  the  boiler  drum  noted  on  a  scale  reading  in  1-10  incli  fastened 
to  the  gauge  glass.  A  string  is  also  put  on  the  glass  at  the  same 
point  simply  as  a  guide  for  the  person  controlling  the  feed  water 
to  the  boiler.  All  readings  are  taken  at  regular  intervals  of  one- 
half  hour,  commencing  fifteen  minutes  aft(*r  the  tost  r-tarts.  The 
firing  is  done  at  regular  intervals  of  from  three  to  five  minutes, 
depending  upon  the  rate  of  coinlmstioii,  and  the  amount  fired  is 
usually  two  shovelfuls.  The  fuel  is  brought  to  the  boiler  in  a 
borrow,  the  time  for  eonsnniin<r  oacli  load  Ix'ing  noted.  At  the 
time  of  filling  each  harrow,  ahont  one-half  shovelful  is  taken, 
not  from  the  barrow  but  from  that  point  in  the  i)ilo  where  the  coal 
in  the  barrow  had  been  taken,  and  the  t(»tnl  quantity  so  collected 
during  the  trial  is  redueed  for  analysis  by  the  process  of  quar- 
tering. 

13.  If  the  coal  was  such  that  it  was  necessarv  to  clean  the  fires 
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during  the  trial,  this  was  always  done  at  such  a  time  that  the 
period  between  the  time  of  cleaning  and  the  end  of  the  trial  would 
be  practically  the  same  as  that  between  the  time  of  starting  the  new 
fire  and  the  starting  of  the  test,  thereby  giving  a  clean  fire  at  the 
end  as  well  as  at  the  beginning  of  the  trial.  At  the  end  of  the 
test  the  same  methods  are  employed  as  regards  firing,  the  thick- 
ness of  fire,  etc.,  as  at  the  beginning  and  if  the  water  in  the  boiler 
is  not  the  same  height  by  the  scale,  the  necessary  correction  is 
made  for  this  based  on  a  calibration  of  the  boiler  drum.  Also  a 
correction  for  a  different  thickness  of  fire  is  made,  but  this  has 
very  seldom  been  found  necessary,  since  with  care  on  the  part 
of  the  fireman  and  the  use  of  the  fire  gauge,  the  thickness  can 
easily  be  governed  to  within  ^  inch  of  the  thickness  at  start.  The 
fire  is  then  allowed  to  bum  out  when  all  refuse,  is  cleaned  from 
the  grates  and  the  pit.  From  all  the  refuse  obtained,  the  clinker 
is  sorted,  thereby  giving  per  cent,  of  clinkers  to  coal  and  in 
sampling  the  refuse  for  analysis,  proportionate  amounts  by  weight 
of  clinker  and  refuse  are  taken,  broken  up  and  then  quartered. 

14.  The  first  three  trials,  Nos.  101,  102  and  103  (Table  1)  were 
made  with  George's  Creek  Cumberland  coal,  furnished  by  the 
Baltimore  and  Ohio  R.  R.  Co.,  the  only  practical  difference  be- 
tween the  trials  being  that  they  were  run  under  different  rates 
of  combustion  for  the  purpose  of  determining  approximately  the 
rate  to  p^ivo  the  best  all-round  results.  For  these  runs  the  entire 
plant,  tliat  is,  boiler,  economizer  and  air  heater  were  in  use,  desig- 
nated by  tlie  letters  BEH  written  after  the  number  of  the  trial. 
This  work  also  familiarized  those  taking  the  active  part  with  the 
apparatus  and  its  manipulation. 

Trials  Nos.  104,  106,  116  and  117  (Tables  2  and  3)  were  made 
with  Pocahontas  lump  coal,  furnished  by  Castner,  Curren  & 
Bullitt  of  Philadelphia.  Trial  No.  104  is  with  economizer  and  No. 
106  without,  while  trial  No.  116  is  with  economizer  and  air  heater 
and  No.  117  is  with  air  heater  only  cut  out. 
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TABLE  I. 

Kind  of  fael :  Georges  Creek,  CamberUnd 

State  of  weather. StormT  Cloudy  Cloudy 

DateoftriaU IWl     Feb.  8  Feb.  9  Feb.  18 

Duration  of  trials \\onn        10  10  8 

Number  of  trial 101  BSH  20SBBH  108  BSH 


Average  Pressures. 


Steam  pressure  by  gage lbs.  per  sq.  in.  134.  136; 

Atmospheric  pressure  by  barometer . .  ins.  mer- 
cury   29.64  29.06 

Absolute  steam  pressure lbs.  per  sq.  in.  148 .6  150 .3 

Force  of  draft  between  damper  and 

boiler ins.  water  .16  .19 

Force  of  draft  leaving  economizer  . .         "  .21  .232 

"           "            "      air  heater....        "  .227  .257 

"           "      orblastinashpit  ....        "  +.08  +  .CftS 


136.1 

28.9 
150.4 

.234 
.258 
.273 

+  .088 


Average  Temperatures. 


External  air 7 dog.  Fahr. 

Fire  room " 

Feed  water  entering  economizer  ...  " 

"        "  "       boiler 

Escaping  gases  from  boiler ** 

"  "        "    economizer  ...  " 

"  "        "    air  heater  .... 

Air  entering  aah  pit " 


26. 

25. 

34.6 

70. 

66.4 

75.3 

51.4 

50.7 

52.4 

166. 

156.1 

158.6 

490. 

502. 

676. 

311. 

323. 

358. 

234. 

256. 

283. 

158.5 

163. 

170. 

Fuel. 


Sixe  and  condition 

Methodof  firing 

Total  weight  of  coal  fired lbs.  4,490 

Weight  of  coal  fired  during  test "  3,750 

Percentage  of  mobturc  in  coal  by 

analyas per  cent.  1 .08 

Weight  of  dry  coal  consumed  during  test . . .  lbs.  3,7 10 

Total  ash  and  refuse "  401.5 

Gbmbustible  consumed  during  tost  computed 

from  analysis  of  refuse "  3,405 

Wdg^t  of  clinker  from  total  coal "  63 .5 

Percentage  of  ash  and  refuse  to  coal . .  per  cent.  8 . 9 

"           clinker  to  coal ...         "  1.4 


Run  of  mine 

Spreading 

5,610 

5,503 

5,027 

4,773 

1.08 

1.08 

4,972 

4,721 

429.5 

491. 

4,523 

4,207 

47.5 

50. 

7.6 

11.2 

.85 

.91 
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TABLE  I.— Continued. 
Proximate  Analysis  of  Coal. 

fixed  carbon per  cent. 

Volatile  matter " 

Moisture " 

Ash 

Ultimate  Analysis  of  Coal. 

Carbon percent.       82.64  82.64  82.64 

Hydrogen  

Oxygen  

Nitrogen 

Sulphur 

Ash 


73.84 

73.84 

73.84 

17.93 

17.93 

17.93 

1.08 

1.08 

1.08 

7.15 

7.15 

7.15 

4.25  4.25  4.25 

4.57  4.57  4.67 

.56  .56  .56 

.83  .83  .83 

7.15  7.15  7.15 


375 

502 

596 

340 

452 

526 

14.8 

20 

23.6 

Analysis  of  Ash  and  Refuse. 

Ash per  cent.       88.60  81.10  67.88 

VolatUe  combustible "  11.40  18.90  32.12 


Fuel  peu  Hour. 

Coal  consumed  per  hour lbs. 

Combustible  consumed  p(?r  hour " 

Coal  per  square  foot  of  grate  jx^r  hour " 

Combustible  per  square  foot  of  heating  sur- 
face perhour  "  .317  .422  .490 


Calorific  Value  of  Fuel. 

Calorific  value  per  pound  of  actual  coal 

by  Mahler  Calorimeter B.  T.  U.  14,240          14,240          14,240 

Calorific  value  per  pound  of  dry  coal..        '•  14,305          14,395          14,395 

Calorific  value  p(?r  pound  of  combusti- 
ble        "  15,518          15,518         16,518 


Quality  of  Steam. 

Percentage  of  mobture  in  steam per  cent. 

Qual ity  of  steam  (dry  steam  —  unity)         " 
"      Correction " 


.8 

.83 

.8 

.992 

.9917 

.992 

.9936 

.9934 

.9936 

45,239 
45,615 

41,299 
41,328 

44,940 
1.105 

41,034 
1.102 

1.214 

1.212 

49,660 

45,220 

4,976 

4,588 
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TABLE  L— Continued, 
Water. 

Total  weight  of  water  fed  to  boiler lbs.       32,836 

"  "  "  "    economizer  ..  "         32,914 

Equivalent  weight  of  water  actually  evapo- 
rated into  dry  steam "         32,625 

Factor  of  evaporation  for  boiler "  1 .094 

Factor  of  evaporation  for  boiler  and  econo- 
mizer    "  1.212 

Equivalent  water  evaporated  into  dry  steam 

from  and  at  212  degrees  for  boiler "         35,691 

Equivalent  water  evaporated  into  dry  steam 

from  and  at  2 12  degrees  for  economizt»r  "  3,907 

Equivalent  water  evaporated  into  dry  steam 
from  and  at  212  degrees  for  boiler  and 
economizer "         39,598         54,636         49,808 

Water  per  Hour. 

Equivalent  evaporation  per  hour  from  and 

at  212  degrees  for  boiler lbs.  3,569 

Ek|uivalent  evaporation  per  hour  from  and 

at  212  degrees  for  econoruizer "  390 

Equivalent  evoporation  per  hour  from  and 

at  212  degrees —toUl  "  3,959 

Equivalent  evaporation  per  hour  from  and 

at  212  degrees  per  sq.  ft.  boiler  heating 

surface "  .333  .463  .528 

Horse-Power. 

Builders  rated  horse-power 107 

Horse-power  develop<Hl  by  ])oiler 103.4 

Horae-power  developed  — total 114.7 

Economic  Results. 

Water  apparently  evaporated  under  act  ual 

conditions  p(.*r  pound  of  coal  as  fin*d ...  11  )s.  8 .  750 
Equivalent  evaporation  from  and  at  212 

degrees  per  pound  of  coal — for  boiler  . .   "  9.518 

Equivalent  evaporation  from  and  at  212 

degrees   pcT   ]X)und   of  dry   coal — for 

boiler ' "  9.625 

Equivalent  evaporation  from  and  at   212 

degieesperixnuid  of  coal,  for  system  . .  "  10.68-1 
Elquivalent  eva]K)ration  from  and  at  212 

degrees  per  pound  of  combust il)le,  for 

boUer "         10.490         10  980         10  748 


4,9(i6 

5,652 

497 

573 

5,463 

.  6,225 

107 

107 

143.9 

163.8 

158.3 

180.3 

9.000 

8.653 

9.879 

9.474 

9.  OSS 

9.578 

10.992 

10.550 
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TABLE  I.—CarUinued. 

EFnCIENCY. 

Efficiency  of  boiler  andgrate per  cent.      64.54  66.99  fVt.24 

"      "  65.30  68.33  m,88 

of  system "  72.46  74.59  71.54 


Analysis  op  Flub  Gas. 


CO,  Carbon  dioxide per  cent. 

O     Oxygen 

CO  Carbon  monoxide " 

N     Nitrogen " 

Percentage  of  air  excess " 

Pomids  of  air  used  per  pomid  of  coal  . 


Vol. 

Wt. 

Vol. 

Wt. 

Vol. 

8.8S 

18.06 

10.68 

16.56 

11.6 

10.04 

10.76 

848 

9.00 

6.n 

.44 

.41 

.67 

.« 

1.88 

80.70 

76.791 

80.i7 

74.88 

80.41 

89.75 
19.41 


66.91 
17.17 


Wt 

16.84 

7.11 

1.87 

74.7 


46.41 
14.36 


Heat  Balance. 


FjObs  per  lb.  of  coal  due  to  products  combustion 

"      "    "         "         "       air  excess 

"      "     "         "  "       latent  heat 

"      "    "  "  "       unbumed  coal . . . . 

n        it      it  ft  ti  rv-j 

"      "    "         "         "       radiation,  etc 

Heat  used  in  evaporation 

Total  heat  supplied 


B.T.U. 
927 

% 

6.6 

B.T.U: 
940 

% 

6.6 

737 

6.2 

654 

8.9 

401 

2.8 

399 

2.8 

141 

1. 

256 

1.8 

407 

29 

513 

8.6 

2,435 

17.1. 

2,037 

14.3 

9,1112 
14,240 

&1.6 
100. 

9.541 

67.0 

14,240 

100. 

B.T.U. 
906 

% 

6.6 

870 

8.6 

841 

8.4 

618 

8.6 

886 

6.8 

2,128 

14.9 

9,148 

64.2 

14,840 

100. 

TABLE  2. 


Kind  of  fuel :  Pocahontas. 

State  of  weather Clear  Stonny 

Date  of  trial? 1901      Feb.  28  Feb.  23 

Duration  of  trials hours         10  10 

Number  of  trial 104  BE  106  B 


Average  Pressures. 


Steam  pn^ssuro  l)v  pago lbs.  per  sq.  in. 

Atmosph<^ric  pn'ssnro  by  baromotor ins.  mercury 

Absolute  sto.'un  pn'ssuro lbs.  bor  sq.  in. 

Force  of  draft  Ix'twcen  darnpcrand  boiler ins.  water 

"  "      leaving  economizer " 

"  "  "      air  heat^T " 

"  "      or  blast  in  ash  pit " 


138.4 

137 

29.3 

30 

153 

161.8 

.257 

.233 

.272 
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TABLE  2.— Continued. 


External  air 

Fire  room 

Feed  water  entering  economi2ser 
"         "  "        boUer 

Escaping  gases  from  boiler 

"  "        "    economizer 

"  "        "    air  heater  . 

Air  entering  ash  pit 


Average  Temperatures. 
deg.  Fahr. 


15 

-G1.3 

49.9 

165 

560 

360 


17.9 
69.8 

52.5 
603 


Fuel. 

Size  and  condition 

Method  of  firing 

Total  weight  of  coal  fired lbs. 

Weight  of  coal  fired  during  test " 

Percentage  of  moisture  in  coal  by  analysis per  cent. 

Weight  of  dry  coal  consumed  during  tost lbs. 

Total  ash  and  refuse " 

Gbmbustible  consumed  during  test  comput(?d   from 

anal3rsis  of  refuse " 

Weight  of  clinker  from  total  coal " 

Percentage  of  ash  and  refuse  to  coal per  cent. 

"         clinker  to  coal " 


Lump 

Spreading 

6,213 

6,291 

5,709 

5,532 

.95 

.95 

5,665 

5,480 

340 

278 

5,266 

5,144 

90 

43 

5.47 

4.41 

1.44 

.68 

Fixed  carbon  . . . 
Volatile  matter  . 

Moisture 

Aah 


Proximate  Analysis  op  Coal. 
p(;r  cc^nt. 


76.88 

76.88 

18.68 

18.68 

.95 

.95 

3.49 

3.49 

CSarbon  . . . 
Hydrogen 
Oxygen  .. 
Nitrogen  . 
SulfAur  .. 
Ash 


Ultimate  AxALY.ms  of  Coal. 
: jXT  (•(•nt. 


87.75 

87.75 

4.31 

4.34 

2.93 

2.93 

.88 

.88 

.61 

.61 

3.49 

3.49 

Ash 

Volatile  combustiblr; 


ANALY.SIS    of    A.SII    \S])    I^KFr'SK. 

p'T  c<-nt. 


.''>2  09 
47.91 


59  05 
40  9o 
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TABLE  2.— Continued, 

Fuel  per  Hour. 

Coal  consumed  per  hour. . . ; lbs.  671              553 

Combustible  consumed  per  hour "  526              514 

Coal  per  square  foot  of  grate  per  hour "  22 .8  22 . 1 

Combustible  per  square  foot  of  heating  surface  per  hour  "  .491             .480 

Calorific  Value  op  Fuel. 

Calorific  value  per  pound  of  actual  coal  by  Mahler 

Calorimeter B.  T.  U.  15,053  15,053 

Calorific  value  per  pound  of  dry  coal "  15,196  15,196 

combustible "  15,752  15,752 

Quality  of  Steam. 

Pc.rcrntage  of  moisture  in  steam per  cent.      .77  .73 

Quality  of  steam  (dry  steam  —  unity) "  .9923  .9927 

"      Correction "  .9940  .9940 

Water. 

Total  weight  of  water  fed  to  boiler lbs.  52,561  48,138 

"       economizer "  53,510  

Equi\alont  weight  of  water  actually  evaporated  into 

dry  steam "  52,480  47,850 

Factor  of  evaporation  for  boiler 1 .096  1 .212 

"                  "                   "      and  economizer 1 .2165  

Equivalent  water  evaporated  into  dr>'  steam  from  and 

at  212  degrees  for  boiler lbs.  57,520  58,030 

E(iuivalent  water  evaporated  into  dry  steam  from  and 

at  212  degrees  for  economizer "  6,400  

Efiuivalent  water  evaporat<'d  into  drj'  steam  from  and 

at  212  degrees  for  boiler  and  economizer "  63,920  


Water  per  Hour. 

Equivalent  evaporation  per  hour  from  and  at  212  de- 
grees for  boiler lbs.        5,752  5,803 

Equivalent  evaporation  jxt  hour  from  and  at  212  de- 

gn*es  for  economizer "  640  

Equivalent  evaporation  jmt  hour  from  and  at  212  de- 

gn'es-  total "  6,392  

Equivalent  evaporation  per  hour  from  and  at  212  de- 
grees jxT  sq.  ft.  boiler  heating  surface   "  5.37  5.42 
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TABLE  2.— Continued. 

Horse-power. 

Builders  rated  horse-power 107 

Horse-power  developed  by  boiler 166 . 7 

"  "  toUl 185.2 


107 
168.2 


EccNOMic  Results. 

Water  apparently  evaporated  under  actual  conditions 

per  pound  of  coal  as  fin'd lbs.         9 .  207  8 .  745 

Equivalent  evaporation  from  and  at  212  degrees  per 

poundof  coal— for  boiler "         10.076         10.481 

Equivalent  evaporation  from  and  at  212  degrees  per 

poundof  dry  coal— for  boiler  "         10.154         10.580 

£k]uivalent  evaporation  from  and  at  212  degrees  per 

pound  of  coal,  for  system "         11 .207       

Equivalent  evaporation  from  and  at  212  d(*grees  per 

pound  of  combustilile,  for  boiler "         10 .  923         1 1 .  475 


Efficiexcy. 

Efficiency  of  boiler  and  gnit-c  per  cent.  64 .56  67 .  23 

"              " "  66.89  69.09 

"       of  system "  71.88         


Analysis  of  Flue  Gas. 

CO,  Carbon  dioxide per  cent. 

O     Oxygen 

CO  Carbon  monoxide " 

N     Nitrogen " 

Percentage  of  air  excess " 

Pounds  of  air  used  per  pound  of  coal 


Vol. 

Wt. 

1  Vol. 

Wt. 

10.  Hi 

15.88 

1  11.88 

17.28 

T.TH     8.26 

■    7.11 

7.55 

.2.S       .21 

.09 

.(t8 

81.17    75.65 

1  80.«« 

'55. WJ 

57.24 

50.39 

17.: 

13 

16. 

f)8 

Heat  Balance. 

Loss  per  pound  of  coal  duo  to  products  combustion .  . 

«  "         "      airexH'ss 

"      latent  heat 


B.T.r.'  <?  I'B.T.r. 

1,100!     9.7;  i    1,595 
753  i     5.0'        723 

a. I 


.io<; 


"       inibiirTHMl   coal I      497     3.3' 


370 


% 

10.0 

4.8 


l.'^l        1.2    ' 

2M'2     13.5       1..k;32     12.2 


"  »'  "        CO     

"  "  "       radiation,  etc 

Heat  used  in  evaporation 9.72J    01.0  jo.i,»i  j-.t.-j 

Total  heat  supplied ;  15.053  100.  ^  15,053  hjo. 
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TABLE  3. 

Kind  of  fael  :  Pocahontas. 

State  of  weather Hazy  Clear 

Dateoftriald 1901  May  14  J£«rl5 

Daration  of  trials ^ hours  10  10 

Number  of  trials 116BEH  117  BB 

Average  Pressures. 

Steam  pressure  by  gage lbs.  per  sq.  in.  96.  98.7 

Atmospheric  pressure  by  barometer ins.  mercury.  29 .  36  29 .  42 

Absolute  steam  pressure lbs.  per  sq.  in.  110 . 4  1 13 . 1 

Force  of  draft  between  damper  and  boiler ins.  water  .  165  .  165 

"           "      leaving  economizer "  .171  .17? 

"           "            "      air  heater "  .199 

"           "      or  blast  in  ash  pit "  +.078  

Average  Temperatures. 

External  air deg.  Fahr.  69.  66. 

Fire  room "  91.8  89.4 

Feed  water  entering  economizer "  60.  69.5 

"      boiler "  151.4  148.8 

Escaping  gases  from  boiler "  499 .  470 . 

"           "        "    economizer "  314.  297 

"           "        "    air  heater "  248.  

Air  entering  ash  pit "  174.  59. h 

Fuel. 

Size  and  condition Lump 

Method  of  firing Spreading 

Total  weight  of  coal  fired lbs.  4,921  4,87ft 

Weight  of  coal  fired  during  test "  4,024  4,061 

Percentage  of  moisture  in  coal  by  analysis per  cent.  1 ,  16  1.2 

Weight  of  dry  coal  consumed  during  test lbs.  3,977  4,012 

Total  ash  and  refuse "  200  251 

Combustible   consumed   during  test   computed   from 

analysis  of  refuse "  3,755  3,785 

Weight  of  clinker  from  total  coal "  71  91 

Percentage  of  ash  and  refuse  to  coal per  cent.  4.07  5. 15 

"             clinkertocoal "  1.44  1.86 

Proximate  Analysis  op  Coal. 

Fixed  carbon per  cent. 

Volatile  matter " 

Moisture " 

Ash " 


76.88 

76.15 

18.45 

18.45 

1.16 

1.20 

3.51 

4.00 
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TABLE  3.— Continued. 

Ultimate  Analysis  op  Coal. 

Carbon  .: per  cent.  87.73  87.39 

Hydrogen "  4.34  4.27 

Oxygen "  2.93  2.87 

Nitrogen  "  .88  .87 

Sulphur "  .61  .00 

Ash "  3.51  4.00 

Analysis  of  Ash  and  Refuse. 

Ash per  cent.       04 .21  72.20 

Volatile  combustible  • "  35.79  27.80 

f  UEL  PER  Hour. 

Coal  consumed  per  hour 11)8.  402  400 

Combustible  consumed  per  hour "  375  378 

Coal  per  square  foot  of  grate  per  hour "  20 . 1  20 . 3 

Combustible  per  stjuaro  foot  of  heating  surface  per  hour  "  .  351  353 

Calorific  Value  of  Fuel. 

Calorific  value  per  pound  of  actual  coal  by  Mahler 

Calorimeter 13.  T.  U.  15,033  14,933 

Calorific  value  per  pound  of  dry  coal "  15,209  15,1 15 

"      combustible "  15,709  15,735 

Quality  of  Steam. 

Percentage  of  moistun*  in  steam per  c(?nt.  ,02  .70 

Quality  of  stoam  (dry  steam  =  unity) "  .99aS  .993 

"      Correction "  .9947  .9941 

Water. 

Total  weight  of  water  fed  to  boiler Ib.s.  42,181  39.512 

"              "               "         "     ( Tonomizer ''  42,701  40,099 

Equivalent  weight  of  water  acu.'iUy  evajx)rat<'(i  into 

drysteam "  ll,9.">s  :j9.2.s() 

Factor  of  evaporation  for  boih-r 1 .  lO.TJ  1 .  1052 

"                  "                   "       and  i'Cimnini/j'r 1  .  1978  1 .  1973 

Ek]uiva]ent  water  evaporated  into  dry  st«-ani  from  and 

at  212degn.H»8forboil<T lbJ^.  4r,.2(K)  43,115 

Equivalent  water  evapf»rat<Ml  into  dry  strain  from  ;ind 

at  212  degrees  for  cronomizjr "  4.039  3.090 

Kquix^alent  water  evaf)r»ratrd  into  dry  -t  mim  from  and 

at  212  degrees  for  boiler  and  •cr)nomiz<'r      "  .'>0,329  17,111 

78 
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TABLE  S.— Continued. 
Water  per  Hour. 

Equivalent  evaporation  per  hour  from  and  at  212  de- 
grees for  boiler lbs. 

Equivalent  evaporation  per  hour  from  and  at  212  de- 
grees for  economizer " 

Equivalent  evaporation  per  hour  from  and  at  212  de- 
grees— total " 

Equivalent  evaporation  per  hour  from  and  at  212  de- 
grees per  sq.  ft.  boiler  heating  surface " 


4,629 

4,341 

404 

369 

5,033 

4,711 

4.31. 

4.06 

Horse-power. 

Builders  rated  horse-power 107  107 

Horse-power  developed  by  boiler 134 . 1  125.8 

"     —total  145.8  136.5 


Economic  Results. 

Water  apparently  evaporated  imder  actual  conditions 

per  pound  of  coal  as  fired lbs. 

Equivalent  evaporation  from  and  at  212  degrees  per 

*bound  of  coal — for  boiler " 

Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  dry  coal — for  boiler " 

Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  coal,  for  system " 

Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  combustible,  for  boiler " 


10.482 


11.503 


9.732 


10.690 


11.640    10.821 


12.507    11.589 


12.327    11.470 


Efficiency. 

Efficiency  of  boiler  and  grate per  cent.  73.84  69.12 

"  "      "  75.50  70.31 

of  system  "  80.28  75.00 


Analysis  of  Flue  Gas. 

CO,  Carbon  dioxide per  cent. 

O     Oxygen 

CO  Carbon  monoxide " 

N     Nitrogen ^. " 

Percentage  of  air  I'xcess 

Pounds  of  air  used  per  pound  of  coal 


Vol. 

Wt 

Vol. 

Wt. 

13.17 

19.19 

18.11 

19.08 

6.M 

5.95 

6.88 

0.16 

.17 

.16 

.44 

.48 

81.08 

74.70 

80.59 

74.89 

36.15          38.13 

15. 

27 

15. 

30 
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TABLE  3.— Continued. 


Heat  Balance. 


Loss  per  pound  of  coal  due  to  products  combustion . 
"      airexccss 


Heat  used  in  evaporation 
Total  heat  supplied 


latent  heat  . . . 
unbumed  coal 
CO 
radiation,  etc. . 


B.T.u. 

003 
810 
400 
801 
129 
1,810 
11,100 


15,033 


% 

0.4 

B.T.U. 
1,308 

% 

8.1 

3.1 

418 

3.8 

2.7 

408 

3.7 

3.0 

280 

1.0 

.8 

813 

2.1 

u.i 

2,033 

13.0 

73.8 

10,830 

09.1 

100. 

1  14,083 

100. 

16.  For  the  two  latter  trials  the  grate  area  was  reduced  to  20 
square  feet,  as  is  also  for  all  following  trials  except  No.  167.  From 
this  series  of  seven  trials,  the  gain  due  to  the  economizer,  both  as  to 
capacity  and  economy,  may  readily  be  seen,  and  for  the  air  heater 
the  theoretical  gain  niay  be  computed  on  trials  Nos.  101,  102  and 
103,  but  the  actual  practical  gain  is  shown  by  analyzing  trials  Nos. 
116  and  117,  which  for  running  conditions  are  practically  iden- 
tical. As  will  be  seen,  the  coal  burned  per  square  foot  of  grate 
per  hour  is  practically  identical  in  each  case  as  is  the  draft  and 
air  per  pound  of  coal.  As  the  gain  due  to  the  economizer  is  prac- 
tically the  same  in  each  case,  that  is  8.7  and  8.5  per  cent.,  the 
difference  in  evaporation  for  the  plant  is  not  due  to  the  air  heater 
alone  but  to  several  causes,  as  shown  by  the  heat  balance.  To  the 
air  heater  only  can  be  attributed  that  per  cent,  of  gain  which  is 
shown  by  the  difference  of  losses  due  to  products  of  combustion 
and  air  excess  of  one  test  over  the  other,  or  2.4  per  cent  for  tlio 
trials  in  question.  It  will  be  observed  throughout  the  scric^s  of 
trials  given  in  this  paper  that  the  heat  balance  differs  slightly  in 
form  from  that  adopted  by  the  Society.  The;  principal  reason 
for  holding  to  this  form  is  that  it  was  adopted  by  Professor  N.  W. 
Lord  many  years  ago  and  has  been  in  use  bv  liim  and  the  writer 
during  the  past  nine  years  in  all  boiler  and  fuel  testinic,  therefore 
the  form  would  naturally  be  lield  to  more  esj)eeially  for  the  pur- 
pose of  comparison  with  all  work  that  has  gone  before.  For 
assistance  rendered  and  many  valuable  suggestions  given,  we  are 
greatly  indebted  to  Professor  X.  W.  lx>rd,  in  whose  department 
all  the  chemical  work  was  earried  on  and  calorific  determinations 
of  the  coals  mad(;. 

16.  In  all  the  trials,  the  refuse  obtained  is  for  the  total  eo:iI 


1218   TIIE  EXPERIMENT   BOILER  OF   THE  OHIO   STATE  UNIVERSITT. 

burned  from  tlie  time  of  starting  the  fire,  the  grates  and  ash  pit 
being  thoroughly  cleaned  before  and  after  each  trial.  The  combust- 
ible is  computed  from  the  analysis  of  this  refuse.  In  all  cases  ex- 
cept No.  101  the  combustible  indicates,  as  is  expected,  the  passage 
of  ash  beyond  the  bridge  wall  and  that  case  showing  the  opposite 
result  is  unquestionably  due  to  imperfect  sampling  of  the  refuse. 
From  the  heat  balances  it  ^vill  be  seen  that  the  "  radiation,  etc., 
or  unaccountable  loss  "  varies  from  12.1  per  cent,  up  to  17.1  per 
cent.,  the  latter  value  being  for  trial  101,  for  all  others  this  loss 
ranges  below  15  per  cent. 

17.  In  view  of  the  loss  of  ash  over  the  bridge  wall,  as  deter- 
mined by  analysis  of  refuse  and  the  great  unaccountable  losses 
shown  by  the  heat  balance  not  only  on  these  tests  but  on  a  great 
many  other  previous  trials  coverinc:  a  tasting  period  of  nine  years, 
it  was  decided  to  run  a  series  of  trials  by  means  of  which  could  be 
determined : 

First.  The  percentage  of  refuse  passing  the  bridge  wall  and 
collecting  throughout  the  boiler,  and  what  percentage  of  such 
refuse  to  be  combustible  matter. 

Second.  What  effect  a  trial  would  have  on  the  "  unaccounted 
loss  "  in  the  heat  balance,  starting  with  cold  boiler  walls. 

Third.  The  Icngtli  of  time  in  continuous  running  for  the 
boiler  walls  to  become  saturated  with  lieat,  their  temperatures 
remaining  constant. 

I'ourth.  The  number  of  hours  the  boiler  sliould  be  in  contin- 
uous service  before  starting  a  trial. 

Fifth.'  The  accuracy  of  six-hour  trials  in  comparison  vnth  those 
of  ton  and  twelve  hours'  duration. 

To  obtain  these  fact.<,  the  plan  of  operation  was  to  first  clean 
the  boiler,  furnace  and  sotting  thorouglily  throughout.  The  trial 
to  start  with  the  boiler  cold  and  at  the  time  of  kindling  the  fire, 
and  to  continue  until  the  teniporature  of  the  boiler  walls  at  the 
special  point  whcro  tlie  tcni])orature  was  taken  became  practically 
constant.  To  maintain  as  near  as  possible  the  same  conditions 
tliroughout  as  to  coal  burned  per  hour,  intensity  of  draft,  etc., 
and  to  divide  the  Avliolo  run  into  trials  of  six  hours'  duration,  two 
in  combination  making  trials  of  twelve  hours,  and  at  the  last,  when 
constant  conditions  w(mv  rc^ached,  to  end  with  a  ten  hour  trial. 
At  tlio  end  of  the  run  to  shut  tlie  boiler  down  and  again  clean  out 
the  setting  thoroughly. 

18.  This  experimental  work  was  taken  in  hand  and  very  ably 
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carried  on  as  thesis  work  by  Messrs.  W.  A.  Johnson,  W.  B. 
Morris,  G.  T.  Frankenberg  and  A.  E.  WcUbaiini,  members  of  the 
1902  Senior  Class  in  Mechanical  Engineering. 

Pocahontas  coal  of  the  same  shipment  as  that  of  the  previous 
trials  was  used.  The  same  methods  were  employed  for  carrying 
on  the  trials  as  on  the  former  run.  It  was  found  on  the  former 
trials  that  one  pyrometer  at  the  end  of  the  economizer,  passing 
through  the  wall  midway  between  top  and  bottom  of  economizer, 
did  not  give  the  average  tem])orature  of  the  escaping  gases,  but  a 
much  higher  result;  tlic^rofore,  to  got  nearer  that  average,  two 
pyrometers  were  used,  passing  through  the  economizer  wall  at  one 
quarter  distances  from  to])  and  bottom.  The  firing  in  this  series 
was  done  by  Messrs.  E.  G.  Bailey  and  K.  E.  Kightmire,  senior 
students  in  mechanical  enginoering  and  skilled  in  this  line  of 
work — all  other  trials  reported  in  this  ])i\])cr  with  the  exception  of 
No.  167  were  fired  by  Mr.  E.  G.  Bailey. 

19.  In  order  to  Ix)  able  to  comi)nte  the  equivalent  evaporation 
for  the  first  six  hours  of  the  trial,  during  which  time  steam  was 
being  raised,  the  water  capacity  of  both  boiler  and  economizer  was 
determined  several  days  j^revious  to  the  trial,  and  the  temperature 
of  that  water  which  had  been  standing  in  the  boiler  taken  at  the 
time  of  starting  the  run. 

The  times  of  the  ])rincipal  events  for  the  7G  hour  trial  are  as 
follows : 

TAHLK  4. 


No.  of  trial. 
134 


135 
13C 
137 
138 
139 
140 
141 
142 
143 
144 
145 


Starting  tiiiM'. 

3  P.M. 


9  P.M. 

3a.m. 
9    " 

3  P.M. 

9    " 
3a.m. 
9    '• 

3  P.M. 

9    " 
3  a.m. 
9    " 


Hoilrrstcaiinnp 3.40  p.m. 

l^(.iI(T(ut  in 4.20    " 

Steam  pre.'NSiire* 9.5  lbs. 

FlKK. 


Slicrd. 

2.         A..M. 

r,.3()  " 


12. 
12. 

<i. 
10.20 


12.."><» 
r,  :}o 


rioanf'd. 


1  .  ").>  P.M. 


11.  l.->p.M. 


SI.-)  A.M. 


Tulx'S  Mown. 


(i.  30  A.M. 


0.45  a.m. 


20.  At  the  end  nf  ilir  trijij  tlu-  hnilcr  .-ettinc:  wns  iiirniii  thor- 
oughly cleaned.   The  nmoiiut    of  iM-fu-c  obtniiiCMl,  willi   llirir  per 
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cent,  of  combustible  matter,  is  in  a'  table  of  results  which  on  ac- 
count of  its  extent  is  not  published  in  the  paper.*  The  points 
sought  by  this  scries  of  trials  are  as  follows : 

First.  As  will  be  seen,  the  total  dry  coal  consumed  from  time 
of  starting  the  trial  was  33,209  pounds.  Computing  the  com- 
bustible in  the  usual  way,  there  would  be  31,861  pounds  as  against 
31,644  pounds  as  computed  from  an  analysis  of  the  refuse  in  the 
ash  pit.  Throughout  the  boiler  there  was  collected  142  pounds 
of  refuse,  or  9^  per  cent,  of  the  total,  making  a  total  refuse  of 
1,490  pounds,  thus  giving  for  the  combustible  consumed  31,719 
pounds,  which  is  a  very  small  percentage  in  excess  of  the  com- 
bustible matter  computed  from  analysis  of  refuse,  thereby  indi- 
cating, as  is  expected,  the  passing  of  refuse  beyoud  the  boiler  into 
the  flue.  The  amount  of  this  refuse  passing  the  bridge  wall  has 
been  found  by  the  writer  to  be  dependent  upon  the  intensity  of 
tlie  draft  and  the  thickness  of  the  fire,  for  in  a  series  of  trials 
with  practically  the  same  kind  of  coal,  with  thickness  of  fire 
ranging  from  6^  to  7^  inclies  and  the  draft  averaging  .18  inches, 
there  was  collected  on  a  plate  one  foot  square,  located  at  rear  of 
boiler  between  it  and  the  flue,  an  average  of  .6  of  a  gram  per 
liour,  while  a  trial  with  .56  inches  draft  and  a  5j-inch  fire  gave  on 
the  same  plate  7.1  gram  per  hour,  which  would  indicate  that  the 
error  introduced  in  computing  the  combustible  from  the  quantity 
of  refuse  in  the  ash  jut  would  be  increased  with  the  intensity  of 
the  draft,  and  therefore  all  evaporations  per  pound  of  combus- 
tible, where  the  combustible  is  taken  as  the  difference  between  the 
dry  coal  and  the  refuse,  can  not  be  strictly  accurate. 

Second.  The  heat  balance  of  trials  Nos.  134,  135  and  136  show 
that  the  cold  boiler  walls  increased  the  "  unaccountable  loss  " 
some  8.5  per  cent  and  that  this  loss  has  reached  its  average  at  the 
end  of  about  18  hours. 

Tliird.  The  wall  temperature  cun^es,  Fig.  252,  show  that  even 
after  76  hours  of  continuous  running  the  walls  are  not  completely 
saturated  with  heat,  the  curves  not  having  reached  the  horizontal, 
although  nearly  so. 

Fourth.  The  heat  balances  indicate  that  for  accurate  results 
a  boiler  with  this  type  of  setting  should  be  run  continuously  for 


*  On  account  of  the  expense  involved  the  Society  refrains  from  tl^e  tables  of 
trials  No8.  134  to  145  and  Nos.  165, 16G  and  167,  therefore  a  print  of  sncb  tables 
wiU  be  furnished  to  those  interested  on  application  to  the  writer. 
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at  least  thirty  hours  before  a  trial  of  fuel  or  of  the  boiler  is  com- 
menced. 

Fifth.  Table  5  gives  the  principal  items  of  the  several  runs^ 


TABLE  5. 

Duration  of  trial hrs. 

Nambcr  of  trial j 

steam  pressnre  by  gage lbs. 

Force  of  drait  between  dumper  and  boiler ins. 

Force  of  draft  leaving;  economizer " 

Temperature  feed  water  entering  economizer Fahr." 

Temperature  feed  water  entering  boiler " 

Temepature  escaping  gases  from  boiler " 

Temperature  escaping  gases   leaving  economizer, 

upper  pyrometer " 

Temperature  escaping  gases  leaving  economizer, 

lower  pyrometer " 

Coal  per  square-foot  grate  per  hour lbs. 

Horse-power  developed  for  boiler  and  economizer. . . 

Horse-power  developed  for  boiler 

Equivalent  evaporation  from  and  at  212  degrees  per  pound 

of  coal  for  boiler  and  economizer lbs. 

Equivalent  evaporation  from  and  at  812  degrees  per 

pound  of  coal  for  boiler *• 

Efficiency  of  boiler  figured  from  combustible per  cent.. 

Efficiency  of  boiler  and  furnace *' 

Efficiency  of  boiler,  furnace,  and  economizer  ....       •* 
Loss  of  heat  due  lo  radiation,  absorbtion,  etc., 

per  pound  of  actual  coal '* 


12 

12 

12 

12 

12 

1S6  A 

187  A 

189  A 

141  & 

143  & 

186 

138 

140 

142 

144 

96.7 

97.5 

96.7 

97.9 

98.45 

.289 

.228 

.234 

.229 

.206 

.803 

.297 

.810 

.295 

.292 

52.5 

51.2 

62.2 

50.9 

60.1 

167.2 

163.1 

157 

158.S 

164.7 

474 

500 

515 

515 

516 

317.5  888.6 

1 

339 

841.8 

841.7 

285.3  ;298 

303.8 

306.5 

304.6 

21.11:  ^.6 

20.87 

22.78 

20.51 

142.3'  154 

145 

166 

142.2 

180   140.8 

182 

142.4 

129.4 

11.68  11.75 

12.00 

11.84 

11.90 

10.62 

10.71 

10.91 

10.80 

10.89 

68.78 

69.86 

70.7 

70.00 

70.58 

67.85 

68.48 

69.65 

69.05 

69  65 

74.61 

76.06 

76.09 

76.14 

76.44 

18.9 

11.4 

10.7 

12.2 

11.0 

10 

[l45 

96.5 
.225 
.296 
51.1 
164.8 
641.6 

354.4 

317.8 
22.51 
156.9 
142.1 

11.96 

10.89 
:0  7 
09.6 
76.41 

11.8 


excepting  N"o.  134,  grouped  into  12-hour  runs  and  one  10-hour  run. 
By  comparing  these  results  with  those  of  the  6-hour  trials,  the 
difference  is  quite  marked  in  point  of  variation.  It  will  also  be 
seen  that  in  every  6  hours'  trial  just  following  the  cleaning  period, 
the  efficiency  is  high  and  the  "  unaccountable  loss  "  low,  while  just 
the  reverse  is  the  case  for  those  runs  taking  in  the  cleaning  period. 
1'he  curves  in  Fig.  2r)3  show  the  increase  in  evaporation  and  effi- 
ciency and  the  decrease  in  the  unaccounted  loss  as  the  trial 
progresses. 

After  the  completion  of  the  76  hours'  series,  it  was  decided  to 
cover  the  boiler  walls  with  some  insulating  material,  make  two 
trials  as  nearly  identical  as  possible,  the  only  difference  being  with 
and  witliout  avails  covered,  and  observe  what  effect  such  conditions 
had  upon  the  ^^  radiation  and  unaccounted  loss  "  of  the  heat  bal- 
ance. 

Tlierefore,  magnesia  blocks  6  inches  by  36  inches  by  1^  inches 
were  used,  covering  the  side  walls  to  within  two  feet  of  the  floor 
and  also  the  top  of  the  furnace,  the  blocks  being  held  to  the  boiler 
walls  by  wooden  strips.  The  block  joints  were  made  with  mag- 
nesia mortar,  and  all  other  openings  and  crevices  filled  with  the 
same  material,  so  as  to  allow  the  cold  air  practically  no  chance  to 
get  to  the  walls. 
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21.  The  boiler  having  been  again  thoroughly  cleaned,  the  two 
trials  were  conducted  in  the  usual  way,  using  Fairmont  coal  fur- 
nished by  the  Fairmont  Coal  Co.,  of  Fairmont,  West  Virginia. 
The  magnesia  blocking  was  removed  immediately  at  the  end  of  the 
first  run.  During  these  trials,  and  also  in  others,  the  thermo-elec- 
tric pyrometer  was  used  for  taking  temperatures  at  the  points  A,  E 
and  C,  Figs.  247  and  248.     The  temperatures  thus  obtained  \vill 


only  be  given  at  this  time  for  trials  Xos.  105,  KW)  and  107,  as  it  is 
the  intention  of  the  wrircr,  aftor  collecting  much  more  data  in  this 
particular  direction,  to  make  such  the  subject  matter  of  a  .sub- 
sequent paper. 

22.  From  the  results  obtained  on  trials  Xos.  165  and  100,  from 
a  tabic  which  is  not  i)resented  by  reason  of  its  elaborate  charactr  r," 
since  it  was  very  desirable  to  make  the  running  conditions  as 
nearly  identical  as  possible,  it  was  observed  how  near  sneh  was 
accomplished  by  comparing  the  draft,  eoiil  per  square  foot  grate 
per  hour,  per  cent,  of  refuse  and  combustible  matter  in  same, 
power  developed,  tliermo-eleetrical  ])yrometer  readings  and  heat 
balance,  the  last  showing  wliy  the  hii^lier  evaporation  was  obtained 
on  the  latter  run.  The  differenee  in  the  "  radiation  and  un- 
accounted for  loss  ■'  is  so  sliVdit.  iilrhou;!lj  in  favor  of  the  covering, 
that  one  can  liardly  say  that  i-ueh  a  ^mall  difference  was  due  to 
that  agency.     It  is  possible,  howevrr,  that  sueh  a  lf,-s  might  have 


•  Thifl  table  numben-rl  as  TuM*^  0  In  tlir-  w*-ri'-  ^-an  Iv  obtuiri*»fl  as  a  Muf-jirint 
from  the  original  traoing  bv  thoe*?  intfp'St<"l  o?i  ji|)iiii«:utiofi  to  tlio  AutLrir 
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shown  up  greater  if  the  trials  were  of  longer  duration,  and  yet 
that  hardly  seems  likely  when  the  wall  temperature  curves,  Figs. 
254  and  255,  are  compared.  Nevertheless  there  must  be  a  saving 
in  heat  on  account  of  the  covering,  although  the  tests  here  reported 
do  not  show  it,  and  it  may  be  possible  that  such  saving  can  not  be 
shown  up  by  this  method. 

Thermo-electric  pyrometer  readings  for  trial  No.  165.    Degrees 
Fahr.     Duration  of  trial,  10  hours— 7.30  a.m.  to  5.30  p.m. 


TiMF. 

A 

B 

C 

10.30  a.m. 

2,550 

1,050 

770 

Sliced      8.45  a.m. 

10.32    " 

2,400 

>  • . 

"      11.00    " 

11.30    " 

2,560 

1,200 

830 

"      12.30  p.m. 

2.05  p.m. 

2,510 

1,090 

810 

2.00    " 

4.30    " 

2,570 

1,160 

830 

aeaned  3.40    " 

Average  . . .       2,518  1,125  810 

Thermo-electric  pyrometer  readings  for  trial  No.  166.    Degrees 
Fahr.    Duration  of  trial,  10  hours — 7.30  a.m.  to  5.30  p.m. 


Time. 

A 

B 

c 

8.00  a.m. 

2,510 

1,140 

820 

9.00    " 

2,550 

1,000 

780 

10.00    " 

2,575 

1,130 

840 

11. CO    " 

2,550 

1,140 

760 

12.00    " 

2,470 

1,140 

820 

1.00  P.M. 

2,470 

1,100 

780 

2. CO    " 

2,600 

1,140 

860 

3.00    " 

2,490 

1,100 

760 

4.00    " 

2,470 

1,130 

880 

5.00    " 

2,460 

1,020 

780 

Sliced        8.45  a.m. 


Sliced      11.00  a.m. 
12.15  p.m. 
1. 20    " 
"  2.30    " 

Cleaned     3.40    " 


Average  . . .        2,514  1,104  808 

23.  Trials  Ko.  108  and  Xo.  114  were  conducted  with  a  view  to 
bring  out  some  points  on  which  the  writer  -washed  to  satisfy  him- 
self— that  is,  with  this  particular  equipment — to  learn  the  possible 
error  due  to  starting  trials  by  the  standard  method.  With  trial 
Xo.  108  (Table  7)  the  boik  r  was  run  continuously  for  something 
over  30  hours  previous,  fires  were  drawn,  furnace  and  ash  pit 
doors  closed  tight  and  dampers  open  just  enough  to  be  able  to 
detect  some  draft  by  the  differential  draft  gauge.  The  valve  in 
the  main  steam  line  above  the  boiler  was  then  closed  and  the  time 
noted  for  pressure  on  boiler  to  raise  one  pound.  The  new  fire 
was  then  kindled  and  the  boiler  brought  immediately  to  working 


ixzmnosT  xclzx  :?  n-js  ;.-.:•:  >":4.r!5  tv:-* ■$!&?<•:>     '::t:v 


&.«       *«.« 


Fig,  *2M. 


t-m  x«  ^«» 


w : . 

-.  iii^i 

I 

c  <  I 

•OO' 


fi4t  1^4*  9.46  10.45  11.4 


1».4t 
TIME 


I.4B  ».4h  ■.4I  4.4n 


Fro.  2.55. 
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coinlitions.  The  trial  lasted  10  hours,  at  the  end  of  which  tlic 
same  process  was  gone  through  as  at  the  beginning.  It  was  found 
that  after  4  hours  and  40  minutes,  during  whicli  time  the  steam 
pressure  was  maintained  the  same  as  throughout  the  run  and  the 
necessary  feed  water  supplied  the  boiler  to  keep  constant  height  of 
water  in  the  drum,  the  boiler  was  steaming  at  the  same  rate  a? 
at  the  beginning  of  the  trial.  The  feed-water  so  supplied  for  that 
time  was  1,020  pounds,  which  would  increase  the  evaporation? 
under  actual  conditions  from  7.336  pounds  to  7.75  pounds,  or  4.95 
per  cent. 

24.  With  trial  No.  114  (Table  7)  both  methods  of  starting  were 
employed,  the  trial  by  the  standard  method  extending  from  6.15 
a.m.  to  4.25  p.m.,  while  by  the  alternated  the  period  was  from 
7.30  a.m.  to  3.30  p.m.  As  will  be  seen  by  the  results  given,  the 
evaporation  under  actual  conditions  by  the  alternate  method  was 
S.518  pounds  of  water,  while  that  by  the  standard — the  total  water 
supplied  being  20,050  pounds,  and  coal  (plus  wood  equivalent), 
3,r>G4  pounds — was  8.15  pounds  of  water  per  pound  of  coal  under 
actual  conditions,  or  a  difference  between  the  two  methods  of  4.33 
per  cent.  At  tlie  end  of  this  trial  also  the  same  method  was 
gone  through  as  on  trial  No.  108.  When  the  equality  of 
st(»aniin,n"  was  n^ac'licd  at  the  end  of  5  hours,  the  boiler  had 
(hiring'  that  time  lakt^n  1,710  pounds  water,  making  a  total 
from  the  tinu*  of  ligliting  the  fire  of  30,760  pounds,  thereby 
giving  an  actual  evaporation  of  8. 63  ])ounds  water  per  pound  of 
coal,  whicli  compares  closely  with  that  obtained  by  the  alternate 
metliod,  of  8.;")  18  i)oun(ls,  an  cxcc^ss  of  the  former  over  the  latter 
of  only  1.31  i)er  cent.  From  the  results  obtained  by  these  two 
trials,  the  writer  believes  it  safe  to  conclude  that  for  any  external 
fired  boiler  with  brick  setting  and  oven,  or  fire  brick  arch  furnace, 
the  errors  introduced  by  using  the  standard  method  for  starting  a 
trial  will  amount  to  about  5  per  cent.,  that  amount,  of  course, 
decreasing  as  tlie  length  of  the  trial  increases. 

Trials  Nos.  108,  160,  162  and  163  (Tables  7  and  8)  were  all 
made  with  Hackers  Kiin  coal,  furnished  by  the  Southern  Coal  and 
Transportation  Co.,  Eerrvsbnrg,  West  Virginia. 

Trial  Xo.  1()s  was  witli  mcMlium  low  draft,  giving  a  rate  of  com- 
bustion of  21.13  pounds  of  coal  per  square  foot  of  grate  per  hour. 


& 
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TABLE  7. 

Kind  of  fuel IlttckereRun]  %"cek* 

State  of  weather VAoar  Clear 

Date  of  trialrt V.m  Mar«h:>:i  May  13 

Duration  of  trials /. .; 10  hours  8  hours 

Number  of  trials 106  114 

Average  Pressures. 

Steam  pressure  by  gage lbs.  per  sq.  in.  97.8  111  .3 

Atmofipheric  pressure  by  baromett;r ins.  mer.  29.24  29.4 

Absolute  steam  pressure lbs.  per  sq.  in.  112.2  125.8 

Force  of  draft  leaving  boiler ins.  water  .235  .  156 

Average  Temperatures. 

External  air drg.  Fahr.  55  66 

Fire  room *'  77.7  82 

Feed  water  entering  boiler "  50  CO .  7 

Air  entering  ash  pit "  77 . 7  82 

Escaping  gases  from  boiler "  485  520 

Fuel. 

Size  and  condition  Lump     Run  of  Mine 

Method  of  firing Cross        Spreading 

Total  weight  of  coal  fired lbs.  4,220  3,539 

Weight  of  coal  fin*d  during  tost "  4,220  2,845 

Percentage  of  moistun.^  in  coal  by  an^ilytiis .85  .88 

Weight  of  dry  coal  consumed  during  test lbs.  4,190  2,820 

Total  weight  of  iish  and  rtjfuse "  51G  230 

Combustible  consumed  during  ti^st,  computed   from 

analysis  of  refuse "  3,028  2,583 

Weight  of  clinker  from  total  coal "  38 

Percentage  of  ash  and  n'fuse  to  coal  p(^r  cint.  12.22  6.5 

"            clinker  to  coal '*  1 .07 

Proximate  Analysis  of  Coal. 

Fixed  carbon |x  r  cent.  5:5 .  55  

Volatile  matUT "  31  ..S5  

Moisture "  .S5  ..S8 

Ash "  10.75  7.93 

rLTiMATK  Analysis  of  (^oal. 

Carbon l)rr  rmt.  72.05  81 .79 

Hydrogen  "  5. 00  4 .28 

Oxygen "  7    K)  4  .(»0 

Nitrogen  *'  1  .(M)  .50 

Sulphur "  3.80  .84 

Ash "  10.75  7.93 
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TABLE  7.—CarUinued. 

Analysis  of  Ash  and  Refusk. 

Ash per  cent.      80.70  90.27 

Volatile  combustible "  19.30        .  9.73 

Fuel  pee  Hour. 

Coal  consumed  per  hour lbs.  422.6  365 

Combustible  consumed  per  hour "  362.8  323 

Coal  per  square  foot  of  grate  per  hour "  21 .  13  17 .7 

Combustible  per  square  foot  of  heating  surface  per  hour  "  .339  .30 

Calorific  Value  of  Fuel. 

Calorific  value  per  pound  actual  coal  by  Mahler 

Calorimeter B.  T.  U.  13,642  14,168 

Calorific  value  per  pound  dry  coal  "  13,764  14,293 

"             "            "     combustible "  15,438  15,415 

Quality  of  Bteam. 

Percentage  of  moisture  in  steam per  cent.         1.3  1 . 

Quality  of  steam  (dry  steam  =  unity) "  .987  .99 

"       Correction  "  .9904  .9925 

Water. 

Total  weight  of  water  fed  to  boiler lbs.  31,132  24,236 

Equivalent  weight  of  water  actually  evaporated  into 

dry  steam lbs.  29,228  24,053 

Factor  of  evaporation  1 .2017  1 .  198 

Equivalent  weight  of  water  evaporated  into  dry  steam 

from  and  at  212  degrees lbs.  35,123  28,816 

Water  per  Hour. 

Equivalent  evaporation  per  hour  from  and  at  212  de- 

gn^es lbs.        3,512  3,602 

Equivalent  eviiporation  per  hour  from  and  at  212  de- 
grees per  sq.  ft.  heating  surface "  3.28  3.46 

Horse-power. 

Buildors  rated  horse-power 107  107 

Horsc-power  developed 101 .8  104.2 
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TABLE  7,— Continued. 

Economic  Results. 

Water  apparently  evaporated  under  actual  conditions 

per  pound  of  coal  as  fired lbs.        7.366  8.518 

Equivalent  evaporation  from  and  at  212  degrees  per 

poundcoal "  8.310        10.13 

Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  dry  coal "  8.382        10.22 

Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  combustible "         9.667        11.16 


Efficiencies. 

Efficiency  of  boiler  and  grate per  cent.      58.81  69.03 

"  "      "  60.47  69.9 


Analysis  of  Flue  Gases. 

00,  Oarbon  dioxide per  cent. 

O    Oxygen 

00  Carbon  monoxide " 

N    Nitrogen 

Percentage  of  air  excess " 

Pounds  of  air  used  ber  pound  of  coal 


Vol. 

Wt. 

Vol. 

7.9 

11.71 

10.12 

10. 

10.79 

9.12 

.2 

.19 

.04 

81.9 

77.81! 

;  80.T2 

86.9 
17.7 


Wt. 
14.86 
9.78 
.04 
75.38 


75.6 
18.6 


Heat  Balance. 

Loss  per  pound  of  coal  due  to  products  of  combustion . . 
"  "  "  "      airexcess 


Heat  used  in  evaporation . 


latent  heat  .  . . 
unbumcd  coal 
CO 
radiation,  etc. 


B.T.U. 
1,049 

796 

I    m 

i       393 

j  1R1 
!  2.78S 
j  B.OiKi 
I  13,617 


%  IIB.T.U. 
7.69  I  1,238 
5.84 


8.87 

2.89 

1.33 

i».07 

Un). 


831 
396 
133 

ai 

i,7r>8 

9,791 
H.ITH.IOO 


% 

8.75 

5.86 

2.79 

.03 

.21 

12.41 


25.  Trial  No.  160  was  with  strongor  draft,  giving  a  rate  of  com- 
bustion of  20.07  pounds  of  coal,  but  in  comparing  this  trial  with 
No.  108,  it  should  be  born  in  mind  that  the  former  was  started  by 
the  standard  method,  while  with  thelattrr  the  alternate  method  was 
employed.  Taking  this  into  account,  the  true  evaporation  from 
and  at  212  degrees  Fahr.  for  trial  No.  108  would  be  practically 
8.74  pounds  of  water  per  pound  of  coal,  which  value  should  bo 
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used  in  comparing  with  trial  No.  IGO.  Making  this  correction  in 
the  heat  balance,  the  "  radiation  and  unaccounted  for  loss ''  would 
be  reduced  to  2,323  British  thermal  units,  or  17.1  per  cent.,  so 
that  in  comparing  the  two  trials  by  the  heat  balance,  the  reduced 
evaporation  for  trial  No.  160  is  due  to  higher  loss  in  products  of 
combustion,  in  excess  air  and  formation  of  CO. 


P- 


1   i 


351- S  Tubes 
%Q\  lung 


^ 


'k 


I  Q  O  O  o  <30  0  oo. 


3 


Fig.  256. 


Trials  Nos.  162  and  163  are  cases  where,  for  the  former,  boiler 
and  air  heater  were  used,  and  forced  draft  with  boiler  alone  for 
the  latter.  In  all  four  trials  with  Hacker  Eun  coal,  the  case 
where  the  air  heater  was  used  gave  the  highest  efficiency,  but  by 
a  very  small  amount. 

Trial  Xo.  167  is  a  case  where  the  grate  area  is  reduced  to  15 
square  feet,  giving  a  ratio  of  grate  to  heating  surface  of  1  to  71. 
Using  Fairmont  coal  with  an  average  forced  draft  of  -f-  .313 
inches  in  tlio  ash  pit  and  —  .228  inclios  at  end  of  boiler,  giving  at 
a  net  draft  of  .541  inches  under  which  36  pounds  of  coal  were 
burned  per  square  foot  of  grate  per  hour,  tlie  boiler  generating 
31  per  cent,  more  steam  than  its  rated  capacity. 
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TABLE  8. 

Kind  of  fuel :  llpckers  Ran. 

SUM  of  WMther. Clear  Overcast  Overcant 

Dateoftrialfl 1902         Feb.  12  March  4  March  5 

Darmtlon  of  trials hours  9  9  tt 

Nomber  of  trial 160  102  163 


Average  Pressures. 

3team  pressure  by  gage lbs.  per  sq.  in.  .98 

Atmospheric  pressure  by  barometer . .  ins.  mer.      29 .  40 

Absolute  steam  pressure lbs.  per  sq.  in.  112.5 

Force  of  draft  leaving  boiler ins.  water  .552 

"  "      airheater  ...         "  

"  "      orblastinashpit ....         "  —.02 


95.9 

96.1 

29.28 

29.3 

110.26 

110.7 

.464 

.209 

.538 

+  .186 

+  .440 

Average  Temperatures. 


External  air deg.  Fahr. 

Fire  room " 

Feed  water  entering  boiler " 

Air  entering  ash  pit " 

Escaping  gases  from  boiler " 

"  "        "    airheater  .... 


Fuel. 

Size  and  condition  Lump 

Method  of  firing Cross 

ThicknesBof  fire inches,  0 

Total  weight  of  coal  fired lbs.  5,023 

Weight  of  coal  fired  during  test "  5,J33 

Percentage  of  moisture  in  coal  by  analysis  ....  .85 

Weight  of  dry  coal  consumed  during  tes^ . . .  lbs.  5, 1 88 

Total  weight  of  ash  and  refuse "  621 

Cbmbustible  consumed  during  test,  com- 
puted from  analysis  of  refuse "  4,553 

Weight  of  clinker  from  total  coal "  166 

Percentage  of  ash  and  refuse  to  coal  .  per  cent.  10 .  48 

"           clinkertocoal "  2.8 


Proximate  Analysis  op  Coal. 


Fixed  carbon per  cent. 

VolatQematter 

M(H8ture " 

Ash '' 

79 


22.7 

34 

34 

57.9 

68 

53.6 

53.2 

53.6 

52 

57.9 

242 

53.6 

556 

572 
.     397 

702 

Lump 
Cross 

Lump 
Cross 

7* 

7 

5.3:^3 

4,668 

.85 

6,972 

6,284 

.85 

4,628 
553 

6,232 
669 

3,971 
162 

5,438 
201 

10.33 

9.6 

3.02 

3.01 

53.55 

53.55 

53.55 

34  85 

34.85 

34  85 

.85 

.85 

.85 

10.75 

10.75 

10.75 

5.00 

5.00 

7.40 

7.40 

1.00 

1.00 

3.80 

3.80 

10.76 

10.75 
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TABLE  S,— Continued. 

Ultimatb  Analysis  of  Ck)AL. 

Carbon per  cent.  72.05  72.05  72.05 

Hydrogen  "  5.00 

Oxygen  "  7.40 

Nitrogen "  1 .00 

Sulphur "  3.80 

Ash ;.        "  10.75 

Analysis  op  Ash  and  Refuse. 

Ash per  cent.      84.20        75.75  84.30 

Volatile  combustible "  15.8  24.25  15.70 

Fuel  per  Hour. 

Coal  consumed  per  hour lbs.  581 .4  518.7  698.2 

Combustible  consumed  per  hour "  505 .1  441 . 2  604 . 2 

Coal  per  square  foot  of  grate  per  hour "  29.07  25.9  34.91 

Combustible  per  square  foot  of  heating  sur- 
face per  hour "             .472  .412  .564 

Calorific  Value  op  Fuel. 

Calorific  value  per  pound  actual  coal 

by  Mahler  Calorimeter 

Calorific  value  per  pound  dry  coal 


....B.T.U. 

13,647 

13,647 

13,647 

1 " 

13,764 

13,764 

13,764 

tible.   " 

15,438 

15,438 

15,438 

1.7 

1.27 

1.48 

.983 

.9873 

.9851 

.9871 

.9906 

.989 

QuATiTY  OF  Steam. 

Percentage  of  moisture  in  steam per  cent. 

Quality  of  steam,  (dry  steam  =  unity)       " 
"       correction " 


Water. 

Total  weight  of  water  fed  to  boiler lbs.  36,568  34,741  45,704 

Equivalent  weight  of  water  actually  evapo- 
rated into  dr>'  steam "  36,106  34,414  45,201 

Fnctor  of  evaporation 1 .203  1 .2067         1 .2054 

Equivalent  weight  of  water  evaporated  into 

dry  steam  from  and  at  212  degrees lbs.  43,435  41,527  54,485 
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TABLE  S.—Continued, 

Water  per  Hour. 

Equivalent  evaporation  per  hour  from  and 

at212degrees lbs.       4,826  4,614  6,054 

Ekjuivalent  evaporation  per  hour  from  and 

at  212  degrees  per  sq.  ft.  heating  surface  "  4.51  4.31  5 .  665 

HORSE-POWER. 


Builders  rated  horse-power  . 
Horse-power  developed 


107 


107 


140      133.7 


107 
175.7 


Economic  Rbsultes. 

Water  apparently  evaporated  under  actual 

conditions  per  pound  of  coal  as  fired . . .  lbs.  6  989          7 .  443          7 .  272 

Equivalent  evaporation  from  and  at  212  de- 
grees per  pound  coal  "  8.30            8  896          8.668 

Equivalent  evaporation  from  and  at  212  de- 
grees per  pound  dry  coal "  8.372          8.975          8.742 

Equivalent  evaporation  from  and  at  212  de- 
grees per  pound  of  combustible "  9 .  552        10 .  46          10 .  02 

Efficiencies. 

Efficiency  of  boiler  and  grate per  cent.  58 .  74          62 .  97          61 .  33 

"               "       "  59.74          64.81          62.66 


Analysis  of  Flue  Gases. 

I  Vol.     wt. 

CO,  Carbon  dioxide per  cent.  8.02  ii .» 

O    Oxygen "  lo.ss  n.i9 

CO  Carbon  monoxide "  .go,     .56 

N    Nitrogen "  8i  .oo.  7g.3G 

Percentage  of  air  excess "  95 . 4 

Pounds  of  air  used  per  pound  of  coal  .  18.6 


Vol. 

9.41 

9.06 

.32 

81.22 

73.9 
16.2 


Wt.  !  I  Vol.  I  Wt. 


13.87|    n.;i8j  16.64 


'!■ 


9.71j.    e.GOi    7.08 
.30,        .48*       .45 

6.12,    81.48!  75.83 
45.3 
13.7 


Heat  Balance. 

B.T.U. 
FiOSS  per  lb.  of  coal  duo  to  products  combust '  n ,   i  ,201 

1,048 
466 
307 
525 

2.024 


air  excess 

latent  heat  .  .  .  . 
unbumed  coal. 

CO 

radiation,  etc. 


%    I 

9.24! 

7.68 
3.42 
2.25 
3.85 
14.82 
58.74 


Heat  used  in  evaporation '  s.oi 

Total  heat  supplied ■  13,617  ,  100. 


B.T.U. 

8as 

540 

459 

526 

238 

2,4M 

8,592 

13,047 


% 
6.15 

3.97 

8.36 

3.85 

1.74 

17.98 

62  O.-) 

100.  I 


B.T.U. 

1,668 

657 

466 

306 

302 

1.870 

8.:J72 

13,617 


% 

12.23 

4.82 
3.42 
2.24 
2.22 
13.74 
01  .33 
100. 
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Thermo-electric  pyrometer  readings  for  trial  No.  167.    Dura- 
tion of  trial,  9  hours — 8  a.m.  to  5  p.m. 

TiMB.  ABC                  Reicarxs. 

8.45  a.m.  2,810  1,440  880  

9.45    "  2,400  1,190  830  

10.45    "  2,600  1,250  940  

11.45    "  2,750  1,270  940  SUced      11.30a.m. 

12.45  p.m.  2,520  1,270  950  

1.45    "  2,460  1,190  880  

2.45    "  2,610  1,320  930  

3.45    "  2,600  1,250  940  Geaned  3.00p.m. 


Average  . .  2,594  1,272  911 

26.  Comparing  these  temperature  readings  with  those  of  trials 
Nos.  165  and  166,  it  will  be  observed  that  the  forced  draft  was  pro- 
ductive of  higher  furnace  temperatures  and  would  therefore  have 
caused  a  higher  efficiency  of  boiler  if  the  grate  area  had  been  so 
reduced  that  the  flue  temperature  had  been  practically  the  same, 
since  the  heat  balauce  of  the  trials  in  comparison  shows  the  great 
difference  to  be  mostly  in  the  loss  due  to  products  of  combustion 
and  air  excess. 

One  of  the  many  interesting  points  shown  by  the  trials  here 
given  is  the  comparatively  high  rate  of  combustion  produced 
with  this  type  of  furnace  with  what  by  many  would  be  considered 
a  very  low  draft.  Trials  on  Ohio  coals  with  this  experiment 
boiler  have  given  a  rate  of  combustion  of  26  pounds  per  square 
foot  of  grate  per  hour  with  .19  inch  draft,  while  another  trial 
with  the  same  class  of  coal  gave  a  rate  of  41  pounds  with  a  draft 
of  .56  inch.  In  the  first  case  the  boiler  ran  11  per  cent,  above 
its  rating  and  in  the  second  75  per  cent. 

Another  point  is  the  fact  that  the  "  unaccounted  for  loss  "  per 
pound  of  actual  coal  does  not  go  below  10.7  per  cent. — that  ob- 
tained for  trials  Xos.  139  and  140.  With  one  exception  that  is 
the  lowest  "  unaccountable  loss  "  obtained  with  this  boiler,  on 
which  up  to  the  present  time  sixty-six  heat  balance  trials  have 
been  conducted.  In  fact,  out  of  about  one  hundred  and  fifty 
trials  on  stationary  boilers  conducted  by  the  writer,  for  which 
there  are  complete  heat  balances  based  upon  the  calorific  value  of 
the  coal  by  the  Mahler  calorimeter  (determinations  made  by  Pro- 
fessor N.  W.  Lord,  or  under  his  direction),  therc^  has  been  only 
one  case  where  the  "  unaccountable  loss  "  has  gone  below  7  per 
cent,,  and  that  was  the  case  of  a  trial  on  a  battery  of  four  boilers. 
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DISCUSSION. 

Mr.  A.  Bement. — It  will  be  interesting  to  make  a  comparison 
between  the  efficiency  of  an  ordinary  boiler  with  an  economizer, 
and  a  very  efficient  boiler  without  an  economizer.  For  this  I 
have  taken  the  trial  in  table  2,  No.  104:  BE^  for  comparison  with 
the  performance  of  an  unusually  efficient  boiler  described  as  fol- 
lows: It  is  a  large  Heine  boiler,  17  tubes  high,  as  installed  by  the 
maker;  the  travel  of  the  gases  among  the  tubes  was  from  the 
back  lower  to  the  front  upper  corner;  on  this  diagonal  line  the 
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hot  gases  travelled  a  distance  of  alx)ut  13.3  feet  in  contact  with 
the  tube  surface,  or  in  other  words  had  what  is  known  as  the 
"Heine  pass,"  as  far  as  I  am  aware,  common  to  all  boilers  in- 
stalled by  the  maker  of  this  boiler.  Its  performance  when  evap- 
orating 4.04  pounds  of  wjiter  j)er  stiuare  foot  of  heating  surface 
per  hour,  with  a  condition  of  combustion  represented  by  10.7 
per  cent.  CO,  and  no  CO,  resulted  in  the  gases  leaving  the  boiler 
at  278  degrees  Fahr.  above  steam  temperature.  To  increase  the 
efficiency  of  a  number  of  boilers  similar  to  this  one  described, 
Mr.  W.  L.  Abbott  and  myself  devised  an  arrangement  of  bafHes, 
which  caused  the  gases  to  travel  a  distance  of  about  30  feet  in 
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contact  with  the  tube  surface.  This  was  accomplished  by  the 
insertion  of  two  additional  horizontal  baffles,  which  cause  the 
gases  to  flow  forward  among  a  portion  of  the  tubes  at  the  bottom 
of  the  boiler,  then  back  among  a  portion  of  the  middle  tubes, 
thence  forward  again  among  the  tubes  at  the  top.  The  result  of 
this  improvement  was  that  the  gases  left  at  92  degrees  Fahr.  above 
steam  temperature  when  evaporating  4.17  pounds  of  water  per 
square  foot  of  heating  surface  per  hour,  with  a  condition  of  com- 
bustion represented  by  10.3  per  cent.  CO,  and  no  CO.  It  is  my 
understanding  that  this  is  the  first  application  of  such  method  of 
baffling  applied  to  a  Heine  boiler;  tlie  makers,  however,  state  that 
they  have  considered  such  scheme  in  connection  with  their  boilers. 
The  comparison  of  efficiency  is  based  on  the  relative  cooling 
effect  produced  on  the  hot  gases  by  boiler  and  economizer  in  one 
case,  and  by  the  boiler  only  in  the  other.  Eadiation  would  be 
responsible  for  a  very  slight  cooling  effect,  not  enough,  however, 
to  be  considered,  and  may  be  assumed  to  be  the  same  in  each  case, 
as  each  a]iparatus  is  well  set.  The  efficiency,  or  cooling  effect 
may  be  oppressed  by 

, ,       7?  1  -  ^  2 

^  =  —in — ' 

li  1  being  the  initial  rise  in  temperature,  or  temperature  in  tHe 
furnace,  and  7i?  2  the  final  rise,  or  temperature  of  gases  leaving 
above  the  temperature  of  the  cooling  medium  the  water  in  the 
boilers  and  enconomizor. 

The  performance  of  the  two  apparatus  is  as  follows: 

B.  &  W,  and  Improved 
Economizer.  boiler. 
Pounds  of  water  evaporated  per  square  foot  of  heating  sur- 
face per  hour 8.8  4.17 

Temperature  of  cooling  medium,  average 272  377 

**              *'        "              "          water    entering   econo- 
mizer        49.9 

Final  rise  above  average  temperature  of  cooling  medium. .            88  92 

Final  rise  above  water  entering  economizer 310 

CO, 10.82  10.8 

CO 0.28  0.0 

Coal West  Va.  Illinois. 

Assuming  thiit  tlie  final  rise  in  tempei'aturj  would  be  constant 
throughout  the  full  range  of  the  initial,  the  efficiency  or  cooling 
effect  of  the  improved  boiler  is  illustrated  by  curve  A  of  the  dia- 
gram (Fig.  257).     With  the  combined  boiler  and  economizer  if  the 
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final  rise  is  taken  as  310  degrei^s,  the  efficieitcy  is  illustrated  by 
curve  B ;  tliis,  however^  is  not  correct^  because  49. 1>  is  not  the 
avemge  temperature  of  the  cooling  nieclium,  it  is  the  temperu- 
ture  in  tlie  last  end  of  the  economizer  only.  Easing  the  final 
rise  on  the  average  temperature  of  the  cooling  medium  gives  SS, 
only  4  degrees  belo\v^  that  of  the  improved  boiler^  the  efficiency 
of  Ijoiler  and  enconoraizer  being  so  near  that  of  the  improved 
boiler  alone  as  to  fall  almost  on  tlie  same  lino.  With  the  B,  vfe 
"W,  there  was  some  carbon  monoxide  which  would  influence  the 
initial  teniperaturej  but  on  the  other  hand  the  coal  used  with  the 
improved  boiler  contained  about  11  per  cent,  of  moisture,  there- 
fore it  may  l>e  assumed  that  the  initial  temperature  was  the  same 
in  each  of  the  tests.  Wi  th  the  improved  boiler^  however,  the  work 
performed  per  stpiare  ff>ot  was  about  0  per  cent,  greater,  and  if  the 
combined  boiler  and  e^onomiiser  had  worked  at  the  same  capacity, 
its  final  rise  in  tem|)erature  w^ould  have  been  at  least  as  high  as 
that  of  the  im  pro  veil  boiler*  From  the  foregoing  it  appears  that 
the  combination  of  this  particular  boiler  and  its  economizer  has 
no  greater  etficiency  than  that  of  the  improved  boiler  alone, 

liegarding  the  depreciation  of  the  heating  surface  of  a  boiler 
in  the  immediate  vicinity  of  the  fire,  the  explanation  offered  is 
not  in  my  opinion  the  true  one,  and  it  does  not  appear  that  there 
is  anv  evidence  to  support  the  assumption  that  such  effect  is  pro- 
duced by  the  procests  of  combustion.  In  my  opinion  this  trouble 
is  caused  by  such  portion  of  the  heating  surface  being  called 
upon  to  transfer  more  heat  than  is  absorbed,  which  results  in 
overheiiting  of  the  metal.  Some  examples  and  their  remedy 
may  be  mentioned.  A  return  tubular  boiler,  set  just  back  of 
the  furnace  so  that  the  head  of  the  lioiler  and  tubes  only  were 
used  as  heating  surface,  gave  great  trouble  from  the  tubes  leak- 
ing. The  remedy  consisted  in  locating  a  drum  below  the  grate 
surface  and  a  short  distance  forward  of  the  end  of  the  boiler; 
over  the  furnace  and  just  above  the  lower  one  .'mother  drum  was 
placed;  these  were  conneeted  by  a  number  of  straight  vertical 
tubes.  The  lower  drum  was  connected  to  the  boiler  l>e!ow  the 
water-line,  and  the  upper  one  to  the  boiler  above  the  water. 
This  resulted  in  sufficient  reduction  of  the  temperature  of  the 
gases  to  relieve  the  boiler-head  of  a  sufficient  ajnount  of  work 
to  stop  the  trouble.  Another  similar  case  was  remedied  by  cov- 
ering the  boilerdiead  with  a  refnictory  non*conducting  material, 
but  leaving  openings  opposite  the  tubes.     In  each  of  these  cases 
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there  was  less  surface  in  the  boiler-head  than  there  was  in  the 
grate,  and  it  was  this  limited  area  which  received  the  full  force  of 
the  high  temperature,  because  the  hot  gas  did  not  reach  the  tul)e 
surface  until  after  leaving  the  head.  With  some  styles  of  hori- 
zontal water-tube  boilers  the  bottom  half  of  the  lower  row  of 
tubes  is  exposed  directly  to  the  furnace  and  those  above  cut  off 
by  a  tile  baffle.  This  lower  row  gives  considerable  trouble  from 
overheating,  especially  when  the  boiler  is  worked  at  a  fair 
capacity.  When  it  is  considered  that  as  much  as  35  to  40  pounds 
of  water  may  be  evaporated  per  hour  from  a  square  foot  of  sur 
face  so  located,  it  is  readily  apparent  that  it  will  not  take  many 
square  feet  of  surface  to  evaporate  more  water  than  can  find 
entrance  to  the  tube.  With  such  cases  as  this,  if  the  heat  trans- 
fer to  a  portion  of  the  surface  is  cut  off,  the  trouble  will  be 
remedied;  it  may  be  accomplished  by  building  an  arch  over  the 
fire,  so  that  it  extends  some  distance  under  the  boiler,  or  by 
encircling  tlie  lower  tubes  for  a  portion  of  their  length  with  a 
refractory  non-conducting  tile.  This  results  in  reducing  the  evap- 
orating capacity  of  a  tube,  and  consequently  its  water  supply 
may  then  be  sufficient. 

The  coinposition  of  the  ash  and  refuse  is  given  as  a$h  and 
volatile  combustible;  I  do  not  understand  what  is  meant  by  the 
latter.  Dry  refuse,  as  it  would  accumulate  in  the  ash  pit,  could 
contain  ash,  coke  and  coal,  and  its  proximate  analysis  would 
show  ash,  fixed  carbon  and  volatile  matter,  the  latter  being 
mostly  combustible. 

The  unaccounted  for  loss  of  the  heat  balance  is  a  considerable 
item,  and  it  would  appear  that  if  it  is  desirable  to  maintain  a 
special  steam-generating  apparatus  for  the  purpose  of  experi- 
ment, that  it  would  be  profitable  to  study  the  loss  owing  to 
escaping  hydrocarbons. 

Mr.  IL  S.  Hale, — Professor  Hitchcock's  paper  is  an  admirable 
contribution  to  the  literature  of  the  subject,  and  is  a  refreshing 
contrast  to  the  mass  of  boiler  trials,  which  are  valueless  because 
without  complete  data.  It  is  a  pity  that  some  of  the  data  that 
have  filled  i)revious  volumes  of  the  proceedings  could  not  have 
been  omitted  so  as  to  furnish  room  for  the  really  valuable  data 
which  have  bt^en  omitted  from  the  printed  matter  of  the  Pro- 
fessor's paper  on  account  of  lack  of  space.  I  should  like  to  dis- 
cuss the  ])aper  in  extenso^  but  will  merely  touch  on  one  point 
which  I  fear  may  be  misleading. 


THE  EXPERIMENT   BOILER  OF   THE   OHIO   STATE   UNIVERSITY.    1239 

The  statement  in  paragraph  24  to  the  effect  tliat  the  error  of  the 
standard  method  is  5  per  cent.,  does  not  say  whether  this  is  the 
probable  or  maximum  error,  while  on  page  37  it  is  implied  that 
this  5  per  cent,  is  rather  in  the  nature  of  a  correction  than  a 
true  error. 

The  results  of  trials  134  to  145,  which  Professor  Hitchcock 
has  kindly  sent  me,  show  very  nicely  the  probable  error  of  the 
alternate  method.  Omitting  trials  134  and  145,  which  were 
partly  by  the  standard  method,  we  have  ten  trials.  The  evap- 
oration, of  course,  varies  slightly  w^ith  the  air  supply,  etc.,  but 
the  variations  in  the  per  cent,  unaccounted  for  show  better  than 
anything  else  the  errors,  and  we  lind  that  the  average  variation 
from  the  mean  of  the  per  cent,  unaccounted  for  in  these  ten 
trials  w^as  2.1  per  cent.,  the  maximum  variation  was  3.4  per 
cent.,  and  the  probable  error  of  each  test  2  per  cent.,  and  the 
probable  error  of  the  mean  /^  per  cent.  These  probable  errors 
are  computed  from  the  actual  variations,  not  from  the  least 
square  method,  but  the  difference  of  the  least  square  method 
would  be  negligible. 

These  percentages  are  in  per  cent,  of  the  heat  of  the  coal.  In 
per  cent,  of  the  evaporation  the  probable  error  of  each  six-hour 
test  would  be  roughly  3  per  cent.,  and  the  probable  error  of  the 
mean  of  the  ten  tests  1  per  cent. 

These  figures  are  based  on  the  assumption  that  the  true  ''  un- 
accounted for"  loss  w^as  constant.  It  may  have  been  that  the 
condition  of  the  fire  in  respect  to  cleaning  changed  the  '^  un- 
accounted for"  loss,  rather  than  caused  an  error  in  the  esthna- 
tion  of  the  weight  of  the  net  dry  coal  on  the  grate.  I  will  refer 
to  this  point  later. 

These  figures  show  the  probable  error  of  the  alternate  method. 
Trial  134  and  145  were  each  partly  by  the  standard  method. 
Trial  134  began  with  cold  boiler-walls,  hence  very  naturally 
shows  a  high  '*  unaccounted  for,"  and  shows  nothing  about  the 
accuracy  of  the  method.  Trial  145,  I  understand,  ended  with 
hot  boiler-walls — f\(\,  with  walls  in  the  same  condition  as  when 
it  began.  It  gives  exactly  the  sjime  '' unaccounted  for"  as  the 
mean  of  all  the  trials,  hence,  so  far  as  it  goes,  shows  that  the 
standard  method  is  more  accurate. 

Trials  108  and  114  were,  so  far  as  T  can  judge,  not  correctly 
conducted.  As  I  understand  the  standard  method,  the  boiler 
should  be  brought  in  all  respects  to  working  condition,  then  the 
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test  started  by  drawing  fires,  and  the  test  ended  by  drawing 
fires  when  the  boiler  is  in  exactly  the  same  condition  as  it  was 
just  before  the  test  began.  In  trials  108  and  114,  apparently 
the  fires  were  started  and  steam  gotten  up,  but  the  walls  were 
not  fully  heated  when  the  test  began,  while  at  the  end  of  the 
test  the  walls  were  fully  heated.  It  was  there  only  to  be  ex- 
pected that  the  standard  method  would,  under  these  circum- 
stances, show  about  5  per  cent,  less  evaporation  than  the  alter- 
nate method,  and  this  figure  coincides  fairly  well  with  the 
diflference  between  trials  134  and  135,  where  the  walls  were  en- 
tirely  cold  at  the  start  of  134.  Trials  108  and  114  show  to  my 
mind  that  if  the  standard  method  is  properly  conducted  it  will 
give  the  same  results  as  the  alternate.  I  admit  that  the  word- 
ing of  the  code  is  not  sufficiently  clear  that  the  test  must  be 
etided  in  exactly  the  same  way  as  it  was  begun,  or  rather  it  fur- 
nishes no  criterion  such  as  Professor  Hitchcock's  noting  the 
time  for  the  steam  pressure  to  rise  1  pound.  I  would  also  note 
that  it  is  possible  to  judge  a  standard  method  test  so  as  to  give 
the  reverse  result.  If  the  boiler  is  worked  to  its  full  extent 
right  up  to  the  time  of  starting  the  test  the  walls  will  be  very 
hot,  while  if  at  the  end  of  the  test  the  boiler  is  worked  easily  for 
a  couple  of  liours  the  walls  will  cool  down  to  some  extent,  and 
the  result  will  be  a  slightly  higher  evaporation  than  the  true  one. 

In  all  our  work  we  must  distinguish  when  we  can  between 
accidental  errors  of  observation,  such  as  in  figuring  the  amount 
of  coal  on  the  grate,  and  errors  of  method  such  as  comparing 
two  tests  where  the  air  supply  or  other  conditions  are  different. 
The  assumption  that  the  ^'unaccounted  for''  ''loss"  in  the 
series  of  trials  134  to  145  was  constant  is  not  necessarily  correct, 
as  the  variations  might  be  due  to  something  else  than  errors  in 
the  observation  of  the  fire,  but  as  the  tests  stand  we  have  no 
safer  way  than  to  assume  the  "unaccounted  for"  "loss"  con- 
stant. 

A  similar  line  of  reasoning  shows  thnt  in  the  alternate  method 
there  is  no  chance  for  any  error  of  method,  hence  if  enough  tests 
are  made  the  errors  of  observation  (which  are  as  apt  to  be  plus 
as  minus)  cancel  out,  so  that  the  average  gives  the  correct  result. 

On  the  other  hand  the  standard  method,  while  less  liable  to 
errors  of  observation,  is  liable  to  a  possible  error  due  to  change 
of  conditions  during  the  few  minutes  when  the  fire  is  being 
drawn. 
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Tests  108,  114,  134  and  145  in  Professor  Hitchcock's  paper, 
however,  seem  to  show  that  if  proper  care  is  taken,  as  starting 
and  finishing  with  the  walls  equally  hot,  the  standard  method 
will  give  exactly  the  same  result  as  the  mean  of  a  large  number 
of  tests  on  the  alternate  method.  Hence  the  error  of  method  of 
the  standard  method  is  negligible.  They  would  therefore  fully 
confirm  the  wisdom  of  the  Boiler  Code  Committee  in  making 
drawing  fires  the  standard  method,  since  there  is  no  question  but 
what  the  probable  and  possible  errors  of  observation  are  far 
greater  with  the  alternate  method.  Wliile  Professor  Hitchcock's 
tests  show  that  he  can  conduct  a  six-hour  test  on  the  alternate 
method  with  a  probable  error  of  about  3  per  cent,  and  a  maxi- 
mum variation  from  the  mean  of  about  5  per  cent,  in  ten  tests, 
yet  with  care  to  have  the  same  conditions  at  the  beginning  and 
end  of  the  tests  the  standard  method  would  in  six-hour  tests 
have  been  even  more  accurate.  On  the  other  hand,  with  care- 
less testing,  I  think  the  maximum  error  of  the  standard  method 
is  hardly  more  than  5,  perhai)s  10  per  cent.,  while  the  alternate 
method  in  careless  hands  can  easily  give  100  per  cent,  error. 

Mr.  Allan  Stirlmg. — At  the  first  meeting  of  this  Society  in 
1880,  I  read  a  i)aper  on  boilers,  and  I  am  glad  to  take  part  in 
this  discussion,  as  the  boiler  question  is  still  of  prime  importance. 

In  paragraph  2  of  this  paper  Mr.  Hitchcock  gives  it  as  his 
opinion  that  "every  boiler  furnace,  stoker  or  hand  fired,  where 
bituminous  coal  is  used,  should  have  fire-brick  arch  extending  the 
length  of  the  grate-bars,  not  only  for  the  purpose  of  obtaining 
high  furnace  temperatures,  but  more  complete  combustion."  In 
this  opinion  I  heartily  concur,  and  in  all  the  numerous  ])oiIers 
which  have  been  built  from  my  designs  this  feature  is  common, 
and  it  is  a  feature  that  has  also  been  retained  in  the  new  boiler, 
the  Maxim,  in  which  I  am  now  interested.  I  am  of  the  opinion, 
however,  that  the  cause  of  the  heavy  depreciation  and  faihire  of 
boiler-heating  surfaces  directly  over  a  fire  at  a  high  rate  of  com- 
bustion, with  the  highly  volatile  coals,  referred  to  by  Mr.  Hitch- 
cock as  somewhat  mysterious,  can  be  found  in  every  case.  In 
the  Stirling  boiler,  for  instance,  the  llame  cuts  v(»ry  k(Minly  at 
the  front  tubes  at  the  end  of  the  arch,  and  faihiros  of  tubes  at 
this  point  are  due  to  this  cause,  combined  with  defective  circula- 
tion. In  the  Maxim  boiler  this  has  been  entirely  corrected,  and, 
although  a  number  of  Afaxinis  have  been  subjected  to  very  severe 
service  for  a  number  of  years,  there  have  been  no  failures  of  tubes. 
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The  failures  of  tubes  over  the  fire  in  the  Babcock  boilers  are,  in  my 
opinion,  due  to  imperfect  circulation  and  an  accumulation  of  scale. 

In  paragraph  3  of  this  paper  the  writer  says  that  the  floor  space 
was  limited.  It  would  be  difficult  to  select  a  boiler  which  would 
take  up  more  floor  space  than  a  Babcock  boiler  with  a  Dutch 
oven  in  the  front.  The  Maxim  boiler  takes  only  the  floor  space 
required  for  the  grate,  or,  in  this  case,  only  the  space  taken  up 
by  the  Dutch  oven,  and  the  space  occupied  by  the  Babcock  boiler 
would  be  free  for  other  purposes. 

The  boiler  selected  has  also,  in  my  opinion,  the  needless  com- 
plication of  two  doors  for  each  tube. 

As  to  the  radiation  loss,  I  understand  the  writer  of  the  paper 
puts  it  at  from  10  to  20  per  cent.  In  a  recent  number  of  Engi- 
neering I  observe  that  Mr.  Strohmeyer,  the  chief  engineer  of  the 
Manchester  Association,  emphasizes  this  loss  as  one  of  the  great 
objections  to  the  water-tube  boiler.  In  the  Maxim  boiler  this 
loss  has  been  entirely  overcome,  and,  indeed,  turned  into  a  posi- 
tive gain.  I  believe  it  was  Mr.  Hoadley — the  father  of  the  genial 
assistant  to  our  very  efficient  Secretary — who  first  called  my 
attention  to  the  fact  that  the  benefit  of  heated  air  supplied  to 
the  ash-pit  was  not  only  the  additional  heat  units  supplied,  but 
it  gave  hotter  combustion  of  the  fuel,  because  the  air  supply  was 
hoatod.  Now  the  Maxim  boiler  has  this  peculiarity  over  any 
othiu'  ])raoti('al  boiler,  that  dbors  into  the  ash-pit  can  be  put  both 
at  th(^  fi-ont  and  at  the  back.  Maxim  boilers  are  set  in  battery 
without  any  si)ace  between;  the  usual  space  at  each  end  and  at 
the  back  is  cut  olf  from  the  fire-room  by  walls  that  are  carried 
uj)  to  the  to})  of  the  boiler-setting.  The  front  ash-pit  doors  are 
always  shut,  and  the  back  ash-pit  doors  are  always  open.  The 
result  is  that  the  heated  air  from  the  boiler-setting  is  taken  into 
the  ash-pit,  thus  recovering  the  heat  that  would  otherwise  go 
out  through  the  ventilator,  and  thereby  increasing  the  economy 
by  better  combustion  due  to  heated  air  suj)plied  to  the  ash-pit, 
and  all  this  without  any  air-heater  or  other  apparatus  for  heat- 
ing the  air. 

On  the  last  page  of  the  paper  the  statement  is  made  that  out 
of  about  150  trials  there  has  been  only  one  case  where  the  un- 
accountable loss  has  gone  below  7  per  cent.,  and  that  was  the 
case  of  a  trial  on  a  battery  of  four  boilers.  This  emphasizes  one 
advantage  of  setting  a  number  of  boilers  in  battery.  We  set 
any  number  of  Maxim  boilers  in  one  battery,  because  we  do  not 
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require  to  get  at  the  sides  of  the  boilers  as  everything  is  gotten 
at  from  the  fire-room. 

"If  I  still  have  a  little  time,  Mr.  President,  I  will  make  a  sketch 
on  the  blackboard  showing  how  we  set  these  boilers.  Here  is 
a  battery  of  boilers,  say,  four  or  six,  as  you  choose,  which  are 
set  close  together  without  any  space  between.  Here  is  the  back 
wall  of  the  boiler-room — the  end  wall,  the  front  wall.  We  set 
the  boilers  in  that  shape,  and  we  build  a  wall  here  which  would 
be  carried  up  to  the  top  of  the  boiler-setting.  That  cuts  this 
space  off  entirely  from  the  fire-room.  You  see,  our  furnace 
goes  right  through  from  front  to  back.  We  have  doors  back 
here  into  tlie  ash-pit.  The  front  ash-pit  doors  are  always  shut, 
and  the  only  way  that  the  fire  can  get  air  is  to  draw  it  in  from 
this  space  here.  The  fire-room  is  cool  because  the  air  circulates 
up  over  the  setting,  and  down  in  the  space  behind,  and  all  the 
heated  air  is  taken  into  the  ash-pit  which  also  improves  the  com- 
bustion because  heated  air  is  supplied  to  the  coal. 

Mr.  A.  A.  Cary. — This  paper  describes  a  very  interesting 
boiler  plant,  allowing,  as  it  does,  a  considerable  range  of  investi- 
gation concerning  the  generation  of  steam  under  a  number  of 
different  conditions. 

I  am  pleased  to  note  that  some  provision  has  been  made  in  this 
plant  to  study  the  economj'^  of  fuel  under  different  conditions  of 
furnace  design;  a  most  important  subject  which  has  hitherto 
received  altogether  too  little  attention  in  our  technical  schools. 

There  is  no  one  form  of  furnace  ecjually  adapted  to  all  kinds 
of  coal,  and  the  difference  in  design  between  a  furnace  adapted 
to  bum  anthracite  coal  and  one  adapted  to  burn  a  bituminous 
coal  carrying,  say,  50  per  cent,  volatile  matter,  is  very  great 
indeed,  while  between  such  extremes  a  number  of  different  con- 
structions will  be  found  necessary  to  secure  ])roper  fuel  economy 
and  not  only  must  furnace  design  be  considered,  but  the  matter 
of  handling  the  fuel  in  the  furnace  is  ecjually  nnportant. 

I  notice  that  this  boiler  equipment  also  affords  the  student  an 
excellent  opportunity  to  learn  by  actual  test  the  relative  merits 
of  various  boiler  attachments,  such  as  are  found  in  use  in  many 
steam  plants.  Some  of  these,  when  properly  applied,  lead  to 
economies  which  make  tlioin  desirable  investments,  while  others 
prove  most  disai)poinling,  and  they  sometimes  are  the  source  of 
considerable  trouble  and  oven  loss. 

I  notice  that  this  boiler  plant  is  equipped  witli  an  n})i)aratus 
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for  pre-heating  the  air  supplied  to  the  furnace,  utilizing  the  hot 
waste  gases  to  accomplish  this  heating. 

Theoretically,  this  is  a  most  attractive  proposition,  but  prac- 
tically, it  seems  that  the  theoretical  requirements  have  been  so 
insufficiently  met  that  this  form  of  apparatus  might  be  classified 
as  a  questionable  investment. 

The  pre-heater  described  in  this  paper  contains  351  two-inch 
tubes,  each  8  feet  in  length.  It  contains  1,330  square  feet  of 
heating  surface,  while  the  boiler  to  which  it  is  attached  contains 
1,070  square  feet  of  heating  surface,  making  a  ratio  between  the 
lieating  surface  in  the  heater  and  that  in  the  boiler  of  practically 
1.243  to  1.  Further,  we  see  that  the  tests  given  show  an  aver- 
age increase  in  the  temperature  of  the  air  of  0.26  of  a  degree  per 
each  square  foot  of  air-heater  surface  presented. 

This  corresponds  very  well  to  the  results  obtained  in  a  series 
of  tests  conducted  by  United  States  naval  engineers  using  a  Bab- 
cock  &  Wilcox  marine  boiler  equipped  with  an  air-heating  de- 
vice. In  these  tests  the  increase  of  air  temperature  per  square 
foot  of  air-heater  surface  was  0.2636  degree  Fahr.,  but  in  this 
equipment  the  ratio  of  the  boiler  surface  to  the  air-heater  sur- 
face was  as  1  is  to  5.33. 

In  the  well  known  boiler  tests  conducted  by  Mr.  J.  C.  Hoad- 
ley  in  1881  and  1882,  and  reported  before  the  Society,  housed 
an  air-heating  device  containing  a  greater  amount  of  heating 
surface  than  was  contained  in  his  boiler,  the  comparative  ratio 
being  as  1.6  is  to  1,  and  with  this  extended  surface  he  only  suc- 
ceeded in  increasing  his  air  temperature  0.132  degree  Fahr.  per 
square  foot  of  air-licatcT  surface. 

Mr.  Bennis,  whoso  name  is  well  known  in  England  in  connec- 
tion with  an  automatic  slolcer,  in  order  to  demonstrate  the  fal- 
lacy of  certain  claims  madci  by  an  ''  enthusiastic  "  inventor  of  an 
air-heating  device,  experimented  with  50  feet  of  two-inch  pipe 
which  he  heated  red  hot,  and  maintained  this  temperature  while 
lie  forced  air  through  it  at  the  rate  of  1,000  feet  per  minute. 
The  increase  in  the  temperature  of  this  air  under  such  extraor- 
dinary conditions  was  0.75  degree  Fahr.  per  square  foot  of  air- 
heater  surface. 

In  the  Bab(;ock  ife  Wilcox  boiler  tests,  just  mentioned,  a 
number  of  tests  showed  only  one-half  of  1  ])er  cent,  gain  in 
elliciency,  due  to  tlie  use  of  the  pre-heated  air,  while  the 
maximum  gain  during  all  tests  was  2J  per  cent.,  which  results 
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are  very  discouraging  when  we  are  considering  the  adoption  of 
air-heaters. 

Recently  there  have  been  a  number  of  devices  for  pre-heating 
air  oflFered  to  the  steam  using  public,  whose  inventors  or  manu- 
facturers claim  wonderful  saving  in  coal  consumption  when  their 
devices  are  used,  but  with  the  results  I  have  given  before  us,  it 
will  certainly  pay  the  prospective  purchaser  to  make  a  very  care- 
ful investigation  of  the  device  before  making  such  an  investment. 

Mr.  John  3£c George. — I  would  like  to  say  a  little  on  this  sub- 
ject of  pre-heating  air,  as  there  seems  to  be  some  misunderstand- 
ing about  it.  It  seems  to  me  that  there  is  no  value  or  economy 
in  pre-heating  air  unless  you  have  waste  heat.  In  open  hearth 
furnaces  we  have  considerable  surplus  heat  from  the  process  of 
combustion  because  we  have  to  maintain  such  a  high  tempera- 
ture, and  that  can  be  utilized  in  heating  the  air  for  combustion. 
But  there  is  another  side  to  the  subject.  If  you  attempt  to  burn 
gas  from  coal,  or  to  burn  coal  to  gas— either  case  will  illustrate 
•what  I  want  to  get  at — you  must  maintain  a  certain  tempera- 
ture to  enable  that  combustion  to  take  place.  In  other  words, 
there  is  the  heat  of  combustion  as  well  as  the  heat  produced  by 
combustion.  In  the  old  days  when  I  was  with  a  boiler  insur- 
ance company  we  received  many  reports  showing  a  furnace 
directly  under  the  boiler,  where  the  flame  of  combustion  com- 
ing against  the  cold  water  was  checked  in  combustion  and  so 
produced  soot  or  smoke.  Now,  if  you  take  the  same  combus- 
tion under  an  arch  you  get  that  combustion  complete  before  it 
touches  the  cold  surfaces.  (And  when  I  say  cold  surfaces,  I 
mean  comparatively  cold  surfaces.)  Then  you  will  have  the  full 
value  of  furnace  combustion  going  to  heat  the  water  in  the 
boiler.  Here,  it  seems  to  me,  is  the  value  of  pre-heating  the  air 
if  you  cannot  use  the  reverberatory  arch.  Then  you  heat  tlie 
air  to  begin  with  to  supply  the  heat  of  combustion,  and  you  get 
a  better  value  of  the  products  of  combustion.  But  if  you  have 
a  good  arch  so  that  the  combustion  is  not  checked  until  it  is 
complete,  then  it  seems  to  me  that  there  is  no  value  in  pre-heat- 
ing the  air;  I  mean,  no  com])arative  value,  simply  as  a  matter 
of  economy. 

Mr.  A.  A.  Vary. — As  far  as  the  actual  value*,  of  heated  air  for 
use  in  our  furnaces  is  concerned,  there  is  no  (juestion  concerning 
its  value. 

To  illustrate  this,  let  us  suppose  the  temperature  of  the  outside 
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air  to  be  60  degrees  Fahr.,  and  that  of  the  escaping  gases  600  de 
grees  Fahr.  Further,  let  us  suppose  that  double  the  theoretical 
amount  of  air,  required  for  combustion,  is  supplied  to  our  fur- 
nace. There  will  be  required  to  raise  this  excess  air  from  60 
degrees  to  600  degrees,  about  1,487  heat  units,  which  is  about 
10  per  cent,  of  the  heat  of  combustion  developed  by  burning  one 
pound  of  carbon  to  carbon  dioxide.  The  nearer  the  temperature 
of  the  air  (supplied  to  the  furnace)  is  to  that  of  the  escaping 
gases  the  less  this  loss  will  be. 

The  i)oint  I  wished  to  call  attention  to  in  my  discussion  was, 
the  excessive  cost  necessary  for  a  device  which  w^ould  yield  but 
poor  returns,  and  the  experience  of  J.  C.  Hoadley  was,  that  his 
air-heater  vras  extremely  troublesome  and  expensive  from  a  point 
of  repairs. 

The  loss  due  to  the  introduction  of  cold  air  iiito  the  furnace  is 
not  measured  alone  by  the  quantity  of  heat  required  to  raise  its 
temperature  to  that  of  the  escaping  gases,  but  the  colder  the  air 
the  greater  is  its  tendency  to  lower  the  furnace  temperature  be- 
low the  critical  temperature  of  ignition  of  the  gases  distilled  from 
the  coal  (which  would  tend  to  cause  further  loss  due  to  incom- 
plete combustion). 

When  air  is  introduced  above  the  firebed,  theoretically  (to 
avoid  loss  due  to  its  temperature),  it  should  not  be  less  than 
1,400  degrees  Fahr.  (the  ignition  temperature  of  Marsh  gas). 

Air  at  GOO  degrees  Fahr.  introduced  at  tliis  point  would  tend 
to  check  combustion  and  thereby  cause  a  loss. 

Mi\  ^Vm,  Kent, — The  most  remarkable  showing  about  these 
tests  are  the  figures  shown  in  the  last  line  of  Table  V,  on  page  30 
of  the  paper,  the  loss  of  heat  due  to  radiation,  absorption,  etc.,  per 
pound  of  actual  coal.  In  the  different  tests  the  figures  are:  13.9, 
11.4,  10.7,  12.2,  11.0  and  11.8  per  cent.  On  page  41  a  loss  of  as 
much  as  17.98  per  cent,  is  noted.  That  is,  with  this  boiler  espe- 
cially built  for  tests,  with  all  the  facilities  at  hand  in  the  Uni_ 
versity  for  making  analysis,  losses  running  from  10  per  cent. 
upwards  have  to  be  reported  as  unaccounted  for.  Certainly, 
there  is  sometliing  wrong  and  it  should  be  searched  for  and 
found  out.  The  radiation  loss  on  an  ordinary  boiler  is  not  over 
2  per  cent. ;  thougli  it  may  be  4  or  5  per  cent,  for  this  particu- 
lar construction  on  account  of  the  large  surface  exposed.  But 
the  radiation  ought  to  be  reduced  not  over  2  to  3  per  cent. 

Concerning  the  statement  in  the  paper  (page  3)  regarding  an 
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extended  arch,  extending  the  full  length  of  the  grate-bars,  there 
is  no  doubt  that  the  author  is  entirely  right  in  the  statement 
that  "afire-brick  arch  should  extend  the  length  of  the  grate- 
bars,  for  the  purpose  of  obtaining  high  furnace  temperatures  and 

more  complete  combustion "     That  is  all  right  as  far  as  it 

goes,  but  then  he  adds:  "  Since  there  are  many  cases  in  practice 
where  there  have  been  heavy  depreciation  of  the  boiler  heating 
surfaces  located  directly  over  a  fire  of  high  rate  of  combustion 
with  high  volatile  coals,  and  the  failures  could  be  attributed  to 
no  other  cause."  That  part  of  it  needs  to  be  modified.  If  we 
allow  the  gases,  while  in  a  state  of  combustion,  to  touch  the 
comparatively  cold  surface  of  the  boiler  they  will  be  chilled  and 
part  of  them  will  go  oflf  unburned.  The  statement  that  there 
are  many  cases  where  "  there  has  been  heavy  depreciation  of  the 
heating  surfaces  directly  over  a  fire  of  high  combustion  and  with 
high  volatile  coals  and  the  failures  could  be  attributed  to  no 
other  cause,"  is  not  strictly  accurate.  The  failure  nmst  be 
attributed  to  some  other  causes  than  the  impingement  of  tlie 
gases  on  the  tube.  Wherever  there  is  a  very  high  temperature, 
whether  from  radiation  or  combustion,  impinging  on  the  sur- 
face of  a  heating  boiler,  and  that  surface  is  scaled  or  greased  on 
the  other  side,  it  is  liable  to  burn  out.  If  we  have  grease  and 
scale  on  the  inside  of  the  tubes,  we  may  have  a  burn-out  with  a 
very  moderate  temperature  of  fire,  and  with  either  volatile  or 
non-volatile  coals.  Tlie  high  temperature  on  the  outside  of  the 
tube  may  be  the  cause  of  the  deposition  of  scale,  just  over  the 
grate.  The  failure  should  then  be  blamed  on  tlie  scale  and  not 
on  the  temperature,  because  in  order  to  have  steam  at  all  we 
must  have  a  high  temperature  at  some  point. 

If,  however,  on  account  of  too  small  an  inclination  of  the  tubes 
or  other  cause,  the  water  is  driven  oflf  from  the  surface  of  the 
tubes,  or  a  "  steam -pocket "  is  formed,  then  tli(>  tube  may  be 
burned  out,  but  if  the  tube  is  free  from  scale  or  <^rease,  and  is 
full  of  water,  freely  circulating,  it  is  impossible  tt)  l)uru  out  a 
tube  by  any  temperature  produced  by  the  combustion  of  gases. 
I  have  heard,  however,  of  the  burning  of  tubes  wlion  the  bod  of 
coal  was  so  high  that  hot  coal  actually  touclicd  the  tubes.  It  is 
possible  that  the  transmission  of  heat  from  hot  coal,  in  contacjt 
with  the  heating  surface,  is  so  mucli  greater  than  from  liot  ^'•as 
thnt  steam  is  formed  on  the  heating  surface,  driving  away  the 
water,  and  in  that  case  the  tube  nuiy  be  burueil. 
SO 
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Anotner  criticism  I  have  to  make^on  the  paper  is  ia  regard  to 
the  method  of  starting  the  tests,  described  on  page  13.  I  have 
gone  on  record  before  in  opposition  to  a  similar  method  of  start- 
ing a  test.     (See  Transactums^  vol.  xxi.,  page  99.) 

The  best  way  of  starting  and  stopping  a  test  is  to  follow 
strictly  the  directions  given  in  the  Boiler  Test  Committee's  re- 
port, under  the  heading  of  the  '* Alternate  Method"  {Trans- 
actioiUy  vol.  xxi.,  page  42),  taking  the  precaution  to  burn  the 
fires  very  low  before  cleaning,  so  as  to  leave  on  the  grate  only 
enough  hot  coal  to  start  the  fresh  fire. 

It  is  interesting  to  note  that  the  author  finds  that  the  ^'  Stand- 
ard Method  "  of  starting  and  stopping  a  test  leads  to  an  error  of 
about  5  per  cent,  against  the  boiler,  as  compared  with  the  results 
obtained  by  the  '*  Alternate  Method."  This  confirms  the  obser- 
vations of  Mr.  E.  H.  Peabody,  recorded  in  the  TransaotionSj 
vol.  xxi.,  page  126. 

The  great  range  of  efficiencies  obtained  in  these  tests  is  espe- 
cially notable.  As  low  as  58.74  per  cent,  was  obtained  with 
Ilaeker's  run  coal,  the  highest  figure  obtained  with  this  coal 
being  G2.07  per  cent.  With  Pocahontas  coal  the  boiler  efficien- 
cies run  from  69.03  to  73.84  per  cent.  It  is  evident  that  the 
combustion  of  the  volatile  matter  of  the  Haeker's  run  coal  was 
far  from  perfect. 

It  is  to  be  regretted  that  in  addition  to  the  continuous  method 
of  sampling  the  flue  gases,  individual  samples  at  different  times 
after  firing  were  not  taken.  In  some  of  my  tests  I  have  taken 
a  sample  each  minute  for  five  or  six  minutes  after  firing,  and 
these  showed  some  rather  remarkable  results  when  the  coal  was 
high  in  volatile  matter  and  moisture.  Thus,  the  sample  drawn 
during  the  first  minute,  atter  firing,  would  show  no  oxygen  and 
as  much  as  7  per  cent,  carbon  monoxide,  while  the  sample  drawn 
during  the  fifth  minute  would  show  7  per  cent.  O  and  no  CO. 
Immediately  after  firing  the  furnace  was  a  gas-producer,  and 
much  of  the  volatile  hydrocarbon  nmst  have  passed  oflf  unburned, 
which  would  account  for  the  low  efficiencies  obtained.  The 
Ilempel  apparatus  was  used  in  these  tests.  1 1  is  generally  con- 
sidered better  than  the  Orsat. 

/\'(lf.  K.  A,  Jl'ffchcork:'^ — lleplying  to' Mr.  Hale's  discussion 
I  wish  to  say  that  although  in  making  trials  with  the  installation 


*  Author's  Closure,  under  tlio  Rules. 
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described,  I  never  used  the  standard  method  in  starting  believ- 
ing it  unfair  for  boiler  and  coal,  yet  I  wished  to  determine  for 
this  particular  equipment  Avhat  the  p-  obable  error  would  be  in 
starting  by  that  method  under  the  conditions  prevailing  in  order 
to  be  able  to  show  by  actual  results  to  those  persons  who  might 
raise  the  question,  the  probable  error  involved. 

I  am  under  obligation  to  Mr.  Hale  for  bringing  out  this  point 
which,  as  he  says,  may  be  misleading,  but  such,  however,  will 
not  be  the  case  I  believe  after  going  more  into  detail  as  to  the 
conditions.  As  stated,  the  boiler  is  usually  fired  continuously 
for  about  thirty-six  hours  previous  to  the  trial.  This  firing  is 
usually  done  by  one  of  the  regular  fireman  of  the  boiler  room 
and  as  he  has  many  other  duties  naturally  he  will  not  fire  this 
boiler  as  hard  and  as  uniformly  as  is  done  on  the  trial  and  also 
since  he  knows  that  the  testing  crowd  will  come  on  at  about 
6  A.M.  and  draw  the  fire,  he  allows  it  to  get  dirty  and  conse- 
quently the  boiler  walls  have  a  chance  to  cool  somewhat.  Such 
were  the  conditions  at  the  time  of  starting  trials  Nos.  108  and 
114,  consequently  the  difference  shown  in  the  rate  of  steaming 
at  the  beginning  and  end  of  the  trial.  Therefore,  the  5  per 
cent,  spoken  of  on  page  34  is  the  probable  maximum  error  for  a 
similar  equipment  under  similar  conditions. 

My  experience  with  an  oven  hand-fired  furnace  burning  semi 
or  bituminous  coals  is  that  when  the  furnace  is  working  under 
proper  conditions,  the  arch  is  white  hot  and  the  heat  radiated  so 
intense  that  even  the  putting  in  of  a  fire  is  quite  severe  on  tlie 
fireitian — therefore,  how  under  such  conditions  could  he  at  the 
beginning  and  end  of  a  trial  stand  it  to  pull  fires?  If  a  thor- 
oughly heated  condition  of  tl)o  furnace  does  not  prevail,  the  trial 
will  not  be  fair  to  the  hoilrr  nor  especially  to  the  coal,  since 
with  a  green  fire  of  bituminous  coal  large  quantities  of  CO  are 
liable  to  be  fonned,  and  in  burning  down  at  the  end  of  the  trial 
preparatory  to  drawing  the  lire  as  prescribed  by  the  (^odc  in  the 
standard  method,  there  is  liable  to  be  high  excess  of  air. 

Mr.  Hale  speaks  of  trial  Xo.  145,  Table  V.  being  partly  by 
the  standard  method  and  uses  it  to  ])rove  the  accuracy  of  such. 
The  facts  of  that  case  are  these -by  ."^.45  a.m.  the  fire  was  all 
cleaned,  the  trial  started  at  t»  a.m.  with  the  furnace  hot  and  a 
7-inch  fire,  the  trial  endcMl  at  7  r.M.  with  furnace  hot  and  a 
7-inch  fire — therefor(\  I  should  say  that  the  trial  comes  in  the 
same  class  as  all  of  tli:it  series  (except  trial  No.  L'>4. 
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Eeferring  to  Mr.  Kent's  criticism  of  the  method  employed  in 
starting  the  trials  or  **  the  running  start,"  I  wish  to  say  that  he 
has  very  good  ground  for  such  criticism,  having  thrashed  over 
the  subject  to  quite  a  degree  himself.  Although  there  have  been 
certain  rules  laid  down,  yet  possibly  there  may  be  conditions 
such  as  require  a  departure  from  such  rules.  Most  of  the  trials 
conducted  by  the  writer  have  been  and  are  for  the  principal  pur- 
pose of  determining  the  value  of  the  coal  under  different  boilers 
and  with  different  forms  of  furnaces.  Now,  it  is  important  that 
the  conditions  maintained  be  such  as  nearest  conform  to  those  in 
practice,  and  the  methods  employed  for  conducting  the  trials  be 
uniform  for  the  several  types  of  furnaces.  It  surely  would  not 
be  well  to  start  a  trial  by  the  standard  method  on  most  auto- 
matic stokers  and  neither  would  the  alternate  method  be  used, 
for  there  would  be  no  reason  whatev^er  for  carrying  out  the 
directions  of  the  Code,  *'  the  fires  are  to  be  burned  low- and  well 
cleaned."     It  is  a  case  of  ^'  running  start,"  pure  and  simple. 

In  the  testing  of  coals  one  important  item  is  the  true  percen- 
tage of  refuse,  therefore,  no  other  coal  can  bo  present  on  the 
grates  at  the  time  of  starting  the  fire  of  test  coal,  nor  any  refuse 
in  the  ash-pit,  consequently  a  record  of  the  coal  is  kept  from  the 
time  of  startinf]^  the  fire.  It  certainly  would  not  be  fair  to  the 
coal  if,  after  changing  over  and  running  long  enough  to  get 
boiler  and  furnace  in  a  thoroughly  heated  condition  "the  fires 
were  burned  low  and  well  cleaned/'  for  there  would  be  nothing 
to  clean;  and  then,  again,  sometimes  the  coal  is  so  clean  and  free 
from  clinkering  qualities,  and  the  ash  of  such  a  nature,  as  to  nearly 
all  work  into  the  ash-pit,  that  there  would  be  no  reason  whatever 
at  the  end  of  the  trial  to  have  the  fire  burned  low  and  cleaned. 

It  might  be  suggested  that  the  amount  of  coal  to  be  tested  be 
sufficient  for  warming  up,  necessitating  no  changing  of  coal  at 
the  beginning  of  the  trial.  That  would  be  all  right  if  the  sample 
submitted  was  large  enough,  but  generally  it  is  not,  and  even 
so,  and  the  coal  was  used  up  to  the  time  of  starting  the  trial  by 
tntlier  the  alternate  or  standard  method,  one  might  have  such  a 
bad  case  of  clinker  to  cleaii  from  the  grate-bars  that  there  would 
be  an  excessive  ooolin^jf  down  of  the  brick  work. 

For  a  boiler  with  brick  settin<r,  especially  where  the  value  of 
the  coal  is  to  be  (h^erniined,  I  believe  thoroughly  in  the  running 
st;irt,  when  pro])(M'ly  and  carefully  conducted,  for  our  years  of 
experience  have  demonstrated  its  accuracy.     This  is  well  shown 
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by  Table  V.,  page  30,  in  the  evaporation  from  and  at  212  de- 
grees, and  the  several  efficiencies  in  tlie  four  last  trials  after  the 
boiler  was  thoroughly  heated.  Also,  bearing  on  this  point,  I 
give  the  following  results  of  two  trials  conducted  on  consecutive 
days  with  nearly  the  same  kind  of  coal: 

DoratioQ  of  trials hrs.  10  10 

Coal  fired  during  trials lbs.  5198  5206 

Calorific  value  of  coal,  Mahler  Cal B.  T.  U.  12150  1 1937 

Equivalent  evap.  from  and  at  212°  per  lb.  coal lbs.  8.039  7.889 

Heat  Balance.  *  Per  Cent.       Per  Cent. 

Loss  per  lb.  of  coal  due  to  products  comb 8.48  8.85 

excess  air 4.58  5.37 

latent  heat 4.16  4.17 

unburned  coal 1.48  1.34 

'•           CO 1.90  .84 

Aadiation  and  unaccounted  for  loss 15.49  15.60 

Heat  used  in  evaporation 63.91  63.83 

The  above  results  are  so  nearly  parallel  that  I  consider  them 
exceptional,  and  yet  it  shows  what  can  be  done,  and  is  done,  by 
that  method  of  starting  trials,  and  it  is  highly  improbable  that 
closer  results  could  have  been  obtained  by  either  the  alternate 
or  standard  methods.  Of  course  it  is  well  seen  how,  in  careless 
hands,  a  large  error  may  be  introduced  by  the  running  start  or 
alternate  method,  but  it  is  to  me  quite  inconceivable  how,  as 
Mr.  Hale  states,  an  error  of  lOo  per  cent,  could  be  made.  It 
certainly  would  be  quite  impossible  on  our  etjuipment  in  a  ten- 
hour  trial.  Even  an  error  of  10  j)er  cent,  would  mean  extremely 
poor  judgment  of  the  lire  by  the  i)arty  conducting  the  trial. 

To  illustrate  the  accuracy  of  the  running  start  in  comjiarison 
with  the  standard  method  on  a  boiler  of  quite  a  different  type 
from  that  described  in  this  ])apor,  the  following  case  is  mentioned 
of  a  trial  conducted  by  the  writer  some  months  ago.  The  boiler 
was  of  the  internal  fired  tyi)e  with  no  brick  work,  with  the  ex- 
ception of  some  used  to  cut  down  the  area  of  the  grates.  The 
trial  was  started  by  the  standard  method  and  then  again  one 
hour  later  in  our  usual  way,  the  trial  pi*oy)er  lasting  ten  hours 
from  this  time.  Tlie  evaporation  under  actual  conditions  being 
Y.988  pounds  for  i\w  standard  method  and  s.oo4:  for  the  trial 
proper,  diflFering  by  .2  of  1  i)cr  cent. 

Professor  Kent  calls  attention  to  the  loss  of  heat  per  pound  of 
coal  due  to  radiation,  absorption,  etc.,  as  shown  by  the  trials  and 
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intimates  surprise  that  such  high  losses  should  be  reported  as 
^'unaccounted  for"  from  a  University  where,  as  some  seem  to 
suppose,  there  is  every  facility,  ample  means  and  plenty  of  time 
for  going  to  the  bottom  of  everything  mysterious.  Most  of 
those  who  are  in  University  work  know  how  far  such  is  from 
the  case,  we  only  wish  it  was  much  nearer  the  truth. 

The  writer  in  reporting  these  trials  expected  that  the  losses 
referred  to  would  attract  attention  and  therefore  would  give 
some  one  an  opportunity  to  investigate  a  point  which  has  been 
under  investigation  by  us  when  opportunity  would  permit,  for 
years.  Professor  Kent  is  perfectly  justified  in  saying  there  is 
something  wrong,  providing  that  he  can  show  by  some  seventy 
trials  conducted  by  himself  on  a  boiler  and  furnace  of  this  type 
and  size  where  the  calorific  value  of  the  coal  is  determined  by 
the  Mahler  Calorimeter,  that  the  results  given  do  not  correspond 
with  those  obtained  by  him. 

We  have  found  that  this  unaccounted  loss  is  dependent  upon 
many  things — /.^.,  the  type  of  boiler,  size  of  boiler,  the  kind  of 
setting,  the  kind  of  furnace,  the  coal  (one  that  clinkers  badly 
causing  difficult  cleaning,  giving  higli  loss)  and  the  intensity  of 
driving.  To  illustrate  some  of  these  points,  the  average  loss  of 
some  trials  are  given.  Nineteen  trials  with  semi -bituminous 
coal  gave  for  an  avera^^e  12.f)  per  cent,  with  B.  &  W.  boiler, 
hand-fired  furnace;  34  trials  with  bituminous  coal  gave  for  an 
average  14.7  per  cent,  with  same  boiler  and  furnace;  13  trials 
with  bituminous  coal  on  B.  &  W.  boiler  with  Murphy  furnace 
gave  for  the  average  12.6  per  cent. ;  2  trials  on  the  same  boiler 
and  furnace  with  semi-bituminous  coal  gave  10.75  per  cent.; 
2  trials  on  2  1>.  &  AV.  doul)le-cleck  boilers  set  in  one  battery,  700 
total  horse-power  with  chain  grate,  gave  on  consecutive  days' 
running  a  loss  of  6.3  per  cent,  and  5.1)  per  cent.,  and  5  locomo- 
tive trials  gave  an  average  of  1.1  per  cent.,  the  unaccountable 
loss  for  all  of  these  trials  being  determined  in  exactly  the  same 
way. 

The  results  compare  closely  with  that  obtained  on  a  trial  of  a 
150  horse-power  water-tube  boiler  with  individual  setting  and 
American  underfeed  stoker  conducted  in  the  city  of  Columbus 
some  time  ago  by  a  prominent  engineer  of  the  Pennsylvania 
Ilailroad.  The  coal  used  was  Pocahontas  and  the  unaccountable 
loss  11.6  per  cent. 

Now  if  the  above  determined  values  include  other  losses  than 
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those  of  radiation,  the  question  as  to  how  much  is  radiation  only 
in  my  opinion  is  quite  impossible  to  answer  with  any  degree  of 
accuracy,  for  I  have  yet  to  find  a  case  where  that  h)ss  has  l>een 
determined,  not  by  difference,  but  experimentally  under  actual 
running  conditions  for  iuboiler  with  brick  setting. 

The  statement  by  the  writer  in  regard  to  depreciation  of  heat- 
ing surfaces  located  directly  over  the  fire,  is  based  on  his  own 
observation,  but  the  statement  probably  should  have  been  quali- 
fied to  special  rather  than  general  cases.  Say  for  example,  the 
case  of  the  automatic  stoker  with  short  coking  arch,  the  lengthen- 
ing of  which  to  nearly  the  length  of  the  grates  eliminated  the 
trouble.  The  condition  of  uncleaned  surfaces  did  not  exist,  and 
although  the  trouble  might  be  attributed  to  some  of  the  causes 
spoken  of  in  the  discussion,  yet,  nevertheless,  the  fact  exists  that 
the  introduction  of  the  arch  cured  the  difficulty. 

In  the  analysis  of  the  refuse,  the  term  *'  volatile  combustible  " 
is  simply  an  abbreviation  of  Prof.  N.  W.  Lord's  for  ''volatile 
and  combustible." 
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BT  JOHN  MCOBOBGBf  CLKTVUIND,  OHIO. 

(Member  of  the  Society.) 

1.  When  I  first  said  ''  Yes  "  in  reply  to  a  request  from  some 
of  my  friends  to  write  this  paper,  I  had  in  mind  a  general  {mper 
on  the  complete  equipment  of  a  drawing  office;  but  the  Secretary 
asked  for'something  terse  and  to  the  point,  so  I  have  boiled  down 
the  generalities  and  tried  to  bring  out  particularly  the  necessity 
of  saving  the  manual  and  mental  drudgery  of  the  draftsman,  and 
thereby  getting  the  highest  possible  efficiency. 

There  are  many  prominent  engineers,  and  some  of  the  very 
best  ones,  too,  who  look  upon  drafting  as  merely  a  means  to  an 
end,  and  think  that  the  end  Avhich  they  seek  is  so  much  more 
important  than  the  means,  that  they  often  think  of  drafting  as 
too  trivial  to  give  it  their  attention. 

Suppose  a  rolling  mill  is  to  be  designed.  Much  attention  is 
paid  to  the  design,  but  the  mill  is  simply  a  means  to  an  end. 
Suppose  that  rails  are  produced  from  this  mill,  these  rails  are 
simply  a  means  to  another  end,  and  so  on  indefinitely. 

2.  We  estimate  that  from  forty-five  to  fifty  million  dollars  is 
paid  to  draftsmen  in  salaries  in  this  country  in  a  single  year,  and 
we  cannot  understand  why  so  little  attention  has  been  given 
generally  toward  an  equipment  which  will  enable  the  men  com- 
manding these  aggregate  salaries,  not  only  to  produce  drawings 
in  the  cheapest  way  possible,  but  also  in  the  best  way  possible. 

In  talking  the  other  day  w^th  a  chief  engineer,  having  a  large 
force  of  draftsmen,  he  stated  that  when  he  took  hold  of  this 
particular  business,  the  man  who  had  been  in  charge  was  buying 
the  chcaju'st  kind  of  paper  and  the  cheapest  supplies  which  he 
could  obtain  throughout.     He  thereby  cut  their  supply  bill  from 


*  Prf'sontod  at  tho  Sjiratosra  moetine:  (Juno,  1903)  of  the  American  Society 
of  Mccliaiiiciil  Eii<riueers,  an  I  fonniug  part  of  Volume  XXIV.  of  tlie    Trans- 

actions. 
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$60  a  moDth  to  830  a  month,  or  made  a  net  saving  on  this 
item  of  $360  a  year.  The  salary  item  was  $100,000  a  year, 
and  as  the  gentleman  put  the  matter,  in  order  to  save  $360  a 
year  on  the  supply  aGcount,  he  was  jeopardizing  the  $100,000 
item,  and  probably  losing  from  $10,000  to  $15,000  on  that  item. 

Then  again  some  engineers  will  state  that  they  have  draftsmen 
who  can  accomplish  more  with  a  short  stub  of  a  pencil,  a  cheap 
tee-square^  and  some  old  rusty  instruments^  than  other  men  can 
do  with  the  very  finest  equipment.  This  is  very  true,  but  it 
doe^  not  follow  by  any  means  that  the  first  man  would  not 
accomplish  more  with  a  better  equipment.  There  is  still  a  great 
necessity  to  insist  upon  the  truism  that  the  best  men  in  the  best 
surroundings,  and  with  the  best  conveniences,  do  the  best  work. 

We  supply  our  stenographers  with  good  typewriters  and  nice 
desks,  and  our  clerks  with  the  best  equipment  which  we  can  pro- 
vide for  them.  In  the  si j ops  we  are  anxious  to  put  in  all  the 
labor-saving  machinery  possible,  but  in  the  drafting -room,  where 
salaries  are  very  much  higher  and  where  any  saving  counts  a 
great  deal  more,  both  directly  and  indirectly,  it  is  very  generally 
true  that  the  equi|)ment  is  cut  down  to  an  extent  which  we  can- 
not understand.     It  certainly  ou^ht  not  to  be  so, 

3,  The  first  point  to  be  considered  in  the  equipment  of  an 
office  is  the  question  of  light.  Dayliglit  is  the  best  as  well  as 
Uie  cheapest,  but  is  not  at  all  times  obtainable-  In  large  draft- 
ing-rooms this  light  is  not  usually  sufficiently  diffused.  The 
windows  should  be  as  high  and  as  near  the  ceiling  as  possible,  so 
that  the  interior  of  the  room  maj^  receive  light.  The  man  next 
to  the  window  should  onl v  have  control  of  the  shades  covering 
the  lower  half  of  the  sash,  and  the  shades,  both  upper  and  lower, 
should  be  translucent.  There  are  only  two  methods  of  artificial 
lighting  which  have  proved  to  bo  perfectly  satisfactory.  The 
one  is  where  arc  or  Nernst  lights  are  used  and  the  liglit  reflected 
from  them  against  dead  white  ceilings  and  walls.  This  gives 
good  general  illamination,  whicl),  if  properly  done,  will  dis|jense 
with  individual  lights.  An  illustration  is  given  of  a  drawing 
office  lighted  by  this  method,  Fig.  258,  and  another  showing  the 
same  office  in  daylight,  Fig.  259.  This  gives  a  %'ery  good  idea 
of  how  well  the  light  is  difTused. 

4.  The  writer  thinks  that  if  the  Nemst  3  or  6  glower  lamps 
were  provider!  with  shades  underneath,  throwing  the  light  to 
the  ceiling,  these  shades  made  jnst  translucent  enough  so  as  not 
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to  be  a  (lark  spot  in  the  room,  the  walls  and  ceilings  painted  a 
dead  white,  then  we  would  have  a  perfect  light,  soft,  agreeable 
and  without  shadow;  in  short,  a  light  closely  approaching  day- 
light. 

In  this  connection  the  chief  engineer  of  a  large  corporation, 
with  oflSces  in  different  cities,  said  that  this  method  with  arc 
lamps  had  proved  perfectly  successful  in  one  oflSce,  but  that  he 
did  not  believe  that  it  would  do  at  all  in  the  Pittsburgh  district 
on  account  of  the  smoke  and  dirt  making  the  white  a  dirty  gray. 
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5.  The  other  method  which  has  given  satisfaction  is  the  indi- 
vidual lamp  for  each  board.  These  should  be  made  adjustable, 
and  there  are  quite  a  number  of  methods  in  use  for  doing  this. 
We  show  in  Fig.  200  a  sketch  of  a  holder  which  we  have  found 
very  satisfactory,  and  which  is  probably  the  simplest  method. 

Our  temporary  offices  are  now  fitted  with  Nernst  lamps,  sus- 
pended from  the  ceiling  at  intervals  of  G  to  8  feet  apart,  but 
when  used  in  this  way  these  lights  cast  shadows,  and  are  not 
satisfactory. 

0.  Tlie  tliird  important  consideration  is  that  of  ventilation. 
No  draftsman  can  do  his  best  work  without  an  abundant  supply 
of  fresh  air.     This  is  a  matter  which  is  receivino:  more  and  more 
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attention  in  the  designing  of  schools  and  public  buildings  gener- 
ally, and  it  is  beginning  to  receive  considerable  attention  in 
offices. 

We  change  the  air  in  our  drafting-room  as  frequently  as  pos- 
sible by  means  of  an  exhaust  fan,  but  even  when  this  is  done  we 
believe  that  from  the  standpoint  of  fresh  air  required,  draftsmen 
should  have  at  least  double  the  space  we  have  allotted  to  them. 
High  ceilings  are  an  aid  in  this  matter  as  well  as  in  the  matter 
of  light. 

Y.  In  the  matter  of  desks  the  bulk  of  offices  seem  to  be  very 
neglectful  of  the  fact  that  good  conveniences  tend  to  good  work. 
A  very  large  proportion  are  still  fitted  with  nothing  more  than 
a  pair  of  trestles,  or  a  flat-top  table,  and  a  flat  board  with  a  tee- 
square. 

In  Vol.  VI.  of  our  proceedings  Mr.  Theodore  Bergner  described 
his  parallel  ruler,  which  was  a  step  in  advance,  and  on  this  has 
been  founded  a  number  of  designs  for  boards,  some  of  which 
have  taken  the  incline  position. 

We  (the  Wellman-Seaver-]Morgan  Com])any)  have  been  using 
a  large  number  of  Svenson  boards,  which  have  a  frame  carrying 
a  parallel  ruler  on  the  ]Jergner  principle,  and  in  which  frame 
can  be  placed  a  loose  board,  thus  enabling  a  number  of  different 
drawings  to  be  worked  on  without  disturbing  the  paper  on  the 
board.  The  Svenson  hoard  can  be  i)laced  at  60  degrees,  45  de- 
grees, or  flat  (the  ruler  being  balanced),  and  this  to  anyone 
troubled  with  bilious  headaches  is  a  great  blessing.  This  board 
was  supplied  with  a  convenient  desk  below,  and  we  also  provided 
a  chest  of  drawers  to  the  left  of  the  draftsman,  the  top  of  which 
served  as  a  reference  table,  and  the  drawers  provided  ample 
room  for  reference  drawings.  In  fact,  we  might  say,  too  am- 
ple, as  we  had  providcMl  too  many  drawers,  and  whenever  draw- 
ings were  lost  it  required  a  great  deal  of  woi*k  to  find  them. 

8.  While  sufficient  room  should  be  given  to  each  man  for  ref- 
erence drawings  and  for  partially  com])leted  dniwings,  it  is 
undoubtedly  a  mistake  to  give  more  than  enougli  drawers  for 
this  purpose,  and  in  oni*  new  otlice  wc^  shall  give  each  man  two 
drawers  for  drawings,  togrth(.»r  with  a  good  drawer  for  his  tools 
and  another  for  books  and  notes. 

We  found  several  objections  to  the  use  of  vertical  boards  for 
average  size  drawings,  and  laU^r  we  designtMl  a  table  which  could 
be  adjusted  in  height  and  slope  and  used  it  in  connection  with 
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tlie  tee-square,  and  later  on  with  the  Universal  Drafting  Machin(\ 
of  whicli  I  shall  speak  further  on. 

We  found  three  objections  to  the  vertical  table.  Two  of 
which  are  made  by  the  draftsmen  themselves,  and  one  by  the 
superintendent  of  the  drafting-room.  Many  men  object  to  hav- 
ing to  hold  their  arms  up  about  even  with  their  shoulders  all 
day  long,  and  then  again  the  vertical  drawing  board  does  not 
give  the  man  the  opportunity  to  have  his  reference  drawings 
right  around  him  as  the  horizontal  board  does. 

The  superintendent  objects  to  them  on  the  ground  that  they 
divide  the  drafting-room  oflF  into  stalls. 

9.  Our  drawing  oiRce  superintendent  is  considering  now  the 
equipment  of  our  new  oiRce  witli  a  table  built  by  the  Hein 
Furniture  Company  of  Toledo,  illustration  of  which  is  shown 
in  Fig.  267.  We  are  considering  tliis  table  for  reasons  given 
above,  and  also  in  order  that  we  may  be  equipped  throughout 
with  the  Universal  Drafting  Machine. 

A  very  practical  question  arises  right  here  as  to  the  number 
of  square  feet  of  space  to  be  given  to  each  man.  There  are  three 
factors  entering  into  this  question.  First,  the  convenience  of 
the  man,  allowing  ample  room  for  reference  drawings,  etc.; 
second,  ventilation,  and  third,  sufficient  room  so  that  those 
supervising  the  work  can  get  around  the  office  without  disturb- 
ing the  men  in  passing. 

We  believe  that  it  would  be  good  business  policy  to  allow  100 
square  feet  for  eacli  man.  The  American  Bridge  Company,  em- 
ploying hundreds  of  men,  allow  considerably  more  space  than 
this. 

To  give  an  idea  as  to  how  sonic  drafting-rooms  are  arranged, 
I  give  a  plan  of  one  of  the  American  Bridge  Company's  drafting- 
rooms  at  Toledo,  in  Fig..  201.  In  Fig.  202  is  shown  the  arrange- 
ment of  McClintock,  Marshall  &  Co.'s  offices  at  Pittsburg,  Pa. 
In  Fig.  203  is  shown  the  arrangement  of  our  new  offices  (which 
are  now  building).  AVe  also  show  the  Wellman  Seaver  Engineer- 
ing Company's  office  in  Cleveland,  Ohio,  in  Fig.  208. 

10.  In  regard  to  sanitary  arrangements,  the  toilet-room  should 
be  immediately  off  of  the  drafting-room.  We  have  provided 
one  closet  to  each  fifteen  men,  and  wash  basins  in  the  same  pro- 
portion. 

The  recent  developments  in  electric  blue-printing  have  been 
a  great  relief  to  many  of  tlie  large  offices  in  the  country,  and  as 
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they  make  the  blue-printing  entirely  iiide|>endent  of  the  weather, 
they  are  being  very  geue rally  adopted. 

11,  I  have  referred  to  the  Universal  Drafting  Machine j  and 
desire  to  bring  to  your  notice  two  forms  of  the^e  machines. 
They  are^  in  my  opinion,  the  most  radical  departure  which  has 
been  made  in  the  drafting  line,  and  I  believe  they  are  a  very 
important  aid  to  the  draftsman.  I  am  very  much  interested  in 
this  device  J  as  it  was  designed  (invented  might  be  a  better  word) 
in  our  office.  It  was  not  a  chance  or  lucky  thought,  as  the 
inventor^  Mr.  Charles  H,  Little,  has  conferred  with  me  many 
times  during  the  past  few  years  m  regard  to  improvements  in 
the  draf tmg^room .  Mr.  Little  had  also  invented  a  number  of 
other  very  useful  appliances  before  he  brought  out  this  machine, 
and  I  sincerely  hope  and  expect  that  we  shall  hear  from  him 


This  machine  is  doing  all  that  he  promisal  for  it,  and  some- 
thing more.  Fig.  204  shows  one  of  these  machines  attachetl  to  a 
board  in  tise  on  a  drawing  for  a  crane  trolley,  and  Fig.  2**5  shows 
it  in  use  for  working  out  strains  graphically.  The  machine  is  so 
exceedingly  simple  that  it  scarcely  needs  description.  It  is  based 
on  two  fundamental  ideas,  one  that  all  angular  work  must  l>e  as 
readily  put  in  as  straight  work;  and  second,  that  we  nmst  enable 
the  draftsman  to  draw  and  scale  a  line  with  the  same  edge  at  the 
same  time.  This  applies  in  straight  work  as  well  as  in  angular 
work,  and  eliminates  considerable  erasing,  as  w*ell  as  the  con- 
stant changing  from  one  tool  to  another.  In  short,  work  which 
fortnerly  required  two  tools  to  be  used  on  each  line  now  recjuires 
only  one,  saving  the  time  necessary  to  change  from  one  tool  to 
another*  The  protractor  used  with  this  machine  also  has  a  new 
feature,  in  that  it  is  provided  with  spring  stops  for  the  angles 
most  frequently  naed,  and  at  the  same  time  it  may  be  clamped 
to  aii5  angle. 

In  actual  tests  made  by  Mr.  Little  he  has  demonstrated  on. 
both  a  typical  mechanical  and  a  tyjiical  structural  drawing  that 
the  saving  of  time  is  very  nearly  the  same^  and  amounted  to 
Mk  per  cent,  in  these  tw^o  tests  which  were  made  to  determine 
the  efficiency  of  this  machine. 

Some  time  since  Mr.  Little  sent  out  a  large  number  of  letters 
to  man  7  of  the  leading  concerns  using  this  device,  asking  their 
experience  with  particular  reference  to  the  time-saving  feature. 
He  received  replies  varying  from  10  per  cent,  to  as  high  as  SO 
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per  ceTit.,  and  many  firms  stated  that  they  could  not  say  what 
l>ercentages  they  sa,ve(l,  as  they  had  not  given  the  matter  close 
enough  attention,  but  that  they  were  satisfibd  that  the  saving 
was  very  considerable. 

A  very  important  feature  of  this  device  and  one  that  geeiiis  to 
meet  ivith  a  great  deal  of  favotj  is  the  fact  that  a  draftsman  can 
get  out  work  very  quickly  when  occasion  requires,  and  it  has 
been  the  writer's  experience  that  occasion  frequently  does 
require. 

In  regard  to  the  saving  of  time,  the  average  of  the  replies 
received  by  Mr.  Little  show  the  average  saving  to  be  25  per 
cent.  Of  course  this  is  a  matter  tliat  will  vary  with  the  differ- 
ent drawings^  some  showing  a  larger  saving  and  some  less,  and 
this  avemge  seems  to  be  the  best  that  we  can  figure  on,  but  if 
we  place  the  saving  at  10  per  cent,  this  means  on  $50,000,000 
salary  a  saving  of  $5,000,000  jier  year. 

One  of  the  problems  which  it  has  been  necessary  to  contend 
with  in  this  device  is  the  extreme  accuracy  retpired.  For  in- 
stance, machines  have  been  tested  in  which  there  was  a  variation 


of  h:*s3  than  jj^  of  an  inch  in  24  inches. 


As  the  Ijcarings  are 


3  inches  centre  to  centre,  a  variation  of  YVf\i]r  *^f  '^^  inch  in  these 
S  bearings  would  give  a  variation  at  the  end  of  a  24-1  nch  straight- 
edge of  j^  of  an  inch,  and  this  jj^  of  an  inch  divideil  by  8  bear- 
in^s  wonki  make  ^^\^  permissable  in  each  bearing.  That  this 
is  obtained  in  large  quantities  of  machines  is  a  I'atlier  unusual 
condition,  and  the  question  arises  as  to  what  effect  wear  will 
have  on  the  accuracy  of  the  instrument. 

In  reply  to  this  question  I  would  say  that  the  bearings  are  all 
hardened  and  ground,  and  that  the  pressure  and  speed,  which 
are  the  conditions  which  produce  wear,  are  almost  nothing  in 
this  device. 

We  have  had  one  in  use  for  some  eighteen  months,  which  was 
an  experimental  one  and  had  straight,  soft  bearings*  and  these 
bearings  do  not,  altliough  they  were  soft,  show  perceptible  we^ir 
after  use  for  this  length  of  time.  We  therefore  conclude  that 
the  hardenfcjd  bearings  will  last  indefinitely.  Another  question 
which  came  up  was  whether  or  not  the  scales  would  wear  when 
asetl  as  straight-edges,  particularly  at  the  parts  of  the  scales 
which  were  most  used*  This  question  was  first  answere*!  by 
lying  that  firms  could  afford  to  throw  away  the  scales  and  pur- 
lase  new  ones,  if  such  wear  should  take  place.     We,  however, 
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Mr.  Little  is  somewhat  disappointed  in  this  respect,  as  he  had 
hoped  to  enjoy  the  privilege  of  constantly  replacing  scales. 

Another  feature  in  regard  to  the  pins  in  these  machines  shows 
that  a  device  may  be  mechanically  right  and  still  have  objection- 
able features.  In  some  of  these  machines  which  were  sent  out, 
a  cone  joint  was  used  providing  a  take-up  for  wear.  This  worked 
very  nicely  as  long  as  properly  adjusted,  but  many  draftsmen 
seemed  to  desire  to  exi)eriment  on  the  adjustment,  and  not  hav- 
ing the  requisite  skill  to  bring  back  so  fine  an  adjustment,  it 
operated  to  the  serious  disadvantage  of  the  machine.  A  change 
was  then  made  to  straight  pins,  hardened  and  ground,  and  with 
these  pins  it  is  impossible  to  get  the  machine  out  of  adjustment. 

12.  The  second  form  of  this  device  is  what  is  called  the  Eapid 
Sketching  Device,  shown  in  Fig.  260.  It  is  similar  in  principle 
to  the  drafting  machine,  but  being  very  much  smaller  and  used 
merely  for  the  purpose  of  sketches,  it  has  but  one  scale  instead 
of  the  square  as  used  in  the  drafting  machine.  This  single 
scale  has  a  free  throw  of  90  degrees  between  stops,  and  this 
90  degrees  can  in  turn  be  set  at  any  angle.  The  principle  of 
the  device  is  simply  that  one  using  it  as  an  ordinary  scale 
would  be  used  if  one  had  the  ])ower  to  always  place  it  in  the 
desired  direction  without  thought  or  effort.  We  believe  it  to 
be  of  great  assistance  to  the  engineer  and  the  designer,  and  have 
found  it  very  convenient  for  our  personal  use. 

13.  In  conclusion  I  would  draw  attention  to  one  feature  we 
liavo  just  gotten  in  good  working  shape,  although  it  is  more 
strictly  a  cjuestion  of  management  than  equipment. 

We  have  found  that  it  is  a  great  advantage  to  separate  com- 
pletely the  executive  management  of  the  drawing-room  from 
the  engineering  oversight,  more  especially  as  the  drawing-room 
lias  changed  into  the  engineering  office  of  the  works  in  every 
respect.  Not  only  are  drawings  made  there,  but  all  orders  are 
made  out  for  material,  etc.,  and  oversight  is  exercised  over  the 
outside  engineers  of  whom  we  have  two  classes,  engineers  in 
charge  of  work,  and  erectors  putting  up  machinery.  So  that 
^vo  have  appointed  a  superintendent  of  the  drafting  office,  whose 
l)usin(^ss  is  to  take  (^iitire  executive  charge  of  the  men,  looking 
after  all  time,  salaries,  drawings,  l)lue-])rints,  requisitions  on  the 
purcliasing  dopartinent,  the  hiring  of  men,  (*tc.,  leaving  only 
the  actual  engincM^ring  questions  to  l)e  handled  by  the  engineers, 
of  wjioni  we  have  scleral.     The  office  itself  is  divided  into  de- 
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partraents,  each  of  which  lias  a  foreman  (who  is  also  a  good 
engineer).  So  that  the  superintendent  is  res|X)nsible  for  the 
smooth  running  and  the  getting  of  the  work  through  the  office; 
whilst  the  different  engineers  are  responsible  for  the  engineering 
side  of  the  question.  This  arrangement  is  working  very  well, 
and  will  work  much  better  as  all  parties  come  to  understand 
thoroughly  just  where  their  duties  end. 

DiscrssioN. 

Mr.  J.  II,  Parker. — I  would  like  to  tell  the  members  of  the 
Society  something  about  a  method  which  I  have  introduced  in 
the  drawing-room  of  the  concern  with  which  I  am  connected, 
at  Baltimore,  for  keeping  track  of  the  constant  changes  that  are 
called  for  in  the  details  of  their  machinery.  All  the  different 
parts  of  the  machines  are  numbered  and  detailed  on  paper  and 
then  mounted  on  cardboards,  1(>  by  14  inches,  for  shop  use. 
It  is  necessary  to  kee])  a  file  of  these  blueprints,  and  the  system 
I  refer  to  provides  for  keeping  a  record  of  the  changes  on  these 
detail  sheets.  I  have  had  provided  large  bound  books,  which 
are  all  indexed.  When  these  sheets  go  into  the  shop  a  duplicate 
sheet  is  pastol,  by  one  edge  only,  in  one  of  these  bound  volumes. 
"WTien  it  becomes  necessary  to  make  any  change  in  any  of  the 
details  it  is  very  essential,  of  course,  that  a  record  should  be  kept 
of  the  changes;  when  the  change  was  ordered;  ivhy  it  was 
ordered,  and  so  on.  This  is  entonMl  on  the  margin  of  the  filing- 
book,  directly  opposite  the  sheet.  A  new  detail  is  then  made 
and  the  old  ones  are  called  in.  The  new  one  is  then  pasted  by 
one  edge  directly  over  tho  oilier  by  one  edge  only,  as  before, 
and  new  copies  are  sent  into  the  shop. 

Then,  as  time  goes  on,  we  have  a  complete  reconl  of  all  the 
changes  which  have  taken  place  in  tlie  making  of  tli(\se  several 
parts,  and  that  record  is  very  accessible,  an<l  it  is  not  a  compli- 
cated system  by  any  means. 

Mr.  Ire  lit  ff  II.  lu  tjnuhls,  —\\\  n^spec't  to  the  draughting  ma- 
chine, it  has  always  seemed  to  \\\\).  tliat  the  purely  manual  ]>art 
of  adraughtsnian's  work  is  the  smallest  pnrt  of  it.  If  a  draughts- 
man has  in  hand  a  line  of  work  which  re.juiresa  maximum  amount 
of  measuring,  drawing  of  lines,  etc.,  with  a  mininmm  amount 
of  brainwork,  then  a  draughting  machine  will  siive  considerable 
time. 
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Of  course  it  is  necessary  to  provide  good  light,  ventilation, 
etc.,  but  we  can  do  very  little  for  the  draughtsman  in  the  way 
of  mechanical  aids  which  will  increase  his  efficiency;  for,  after 
all,  it  is  mental  equipment  that  is  essential. 

The  President . — While  IMr.  Calder  is  making  his  sketch  I 
might  state  that  the  system  of  lighting  which  Mr.  McGeorge 
speaks  of  in  his  paper  is  very  good  indeed,  but  we  have  found 
it  better  to  put  a  few  drops  of  red  in  the  white,  as  it  makes  a 
kinder  light,  more  agreeable  to  the  eyes. 

Mr.  Calder,  — We  all  know  the  old-fashioned  office  with  a  dead 
flat  roof  and  windows  all  around,  where  if  the  floor  area  is  at  all 
extensive  the  men  in  the  centre  of  the  room  are  always  cora- 
])laining  about  tlie  light.  Xow,  our  draughting-room  is  arranged 
with  the  roof  lights  facing  the  north,  a  sawtooth  roof.  Of 
course  the  best  system  of  all  would  be,  I  believe,  a  drawing- 
room  having  no  windows  at  all  at  the  sides,  with  walls  com- 
])letely  around,  a  north  light  admitted  from  the  top,  and  a  well- 
controlled  mechanical  ventilating  and  heating  system. 

In  Fig.  207  you  will  see  that  Mr.  McGeorge  shows  a  table 
with  six  drawers.  Now  I  do  not  believe  in  these  drawers.  I 
think  a  man  needs  but  one  drawer  as  a  place  to  keep  his  tools, 
and  that  any  more  are  a  hindrance,  and  that  it  is  better  to  place 
his  drawings  on  a  bench  underneath  the  table. 

In  regard  to  the  isolation  of  draughtsmen,  I  do  not  think 
much  of  the  plan  proposed.  I  do  not  think  the  system  of  hav- 
ing men  work  in  compartments,  with  partitions  reaching  up 
higher  than  their  heads  is  a  good  idea.  It  shuts  off  ventilation 
and  these  compartments  become  veritable  hot  pockets  in  the 
summer  time. 

In  regard  to  the  toilet  arrangements,  I  have  been  in  drawing 
offices  where  if  a  man  wanted  to  wash  his  hands  he  had  to  g.) 
down  two  or  three  flights  of  stairs.  Now  I  do  not  think  that  is 
a  good  arrangement.  I  think  a  lavatory  should  be  placed  right 
at  hand  on  the  same  tloor,  though  I  do  not  believe  the  actual 
toilet  room  should  be  connected  with  the  draughting-room,  for 
sanitary  reasons. 

I  think  the  supervisor  of  the  office  should  have  a  place  par- 
titioned olT  with  glass,  where  he  can  have  the  men  employed  in 
the  room  in  full  view  and  where  at  the  same  time  he  can  do  his 
work  undisturbed. 

Mr.  lu)it, — I  had  occasion  to  go  into  a  large  draughting-room 
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not  long  ago,  where  there  were  no  windows,  the  light  coming  in 
from  overhead.  The  ventilation  in  the  room  was  excreeable; 
there  were  skylights  to  let  air  in,  but  the  air  in  the  room  was 
foul,  and  the  draughtsmen  had  no  chance  to  rest  their  eyes  by 
looking  out — nothing  but  white  walls  to  see.  I  think  it  was 
arranged  decidedly  wrong. 

Mr.  11.  M.  Lane. — I  would  like  to  inquire  of  Mr.  McGeorge 
about  the  wearing  of  the  joints  of  that  draughting  machine;  I 
would  like  to  know  whether  the  wearing  of  the  joints  affects  the 
action  of  it  at  all  ? 

Mr.  Dean. — As  to  what  has  been  said  here  in  reference  to 
partitions  separating  the  draughtsmen,  I  would  say  that  Mr. 
Andrews,  an  architect  of  Dayton,  Ohio,  who  designed  the  Cash 
Register  factory,  has  all  of  his  draughtsmen  located  in  stalls. 
This  only  shows  that  some  people  like  the  [)lan  if  others  do  not. 

Mr.  E.  II,  lUntlock. — In  regard  to  artificial  light,  I  would 
call  the  attention  of  the  Society  to  a  new  attachment  that  I  have 
seen  on  the  General  Electric  Company's  lanips,  called  a  Diff user, 
which  is  sort  of  umbrella-shaped  and  about  four  feet  diameter. 
It  is  claimed  that  it  will  absorb  any  color  ray  that  might  be 
objectionable  and  give  back  any  other  color  ray  desired. 

TTie  President. — If  there  is  no  further  discussion  of  the  paper, 
I  will  call  upon  !Mr.  ]\[cGeorge  to  close. 

Mr.  McGe(rr(j(\ — There  is  really  very  little  to  reply  to.  I  am 
glad  the  paper  has  excited  the  interest  it  has,  however. 

In  regard  to  the  accuracy  of  joints,  a  question  in  respect  to 
which  Mr.  I^ne  inquired,  I  would  say  that  we  have  one  of  the 
first  machines  ever  made  in  use  in  our  oHice  to-diiy  Avitli  soft 
pins  and  we  cannot  discern  any  inaccuracy  in  that  mat^liine  yet. 
There  have  been  some  machines  sent  out  using  taper-pins  in  the 
joints,  but  that  was  given  up.  Xow  they  are  making  them  all 
with  plain  hardened  pins  in  the  joints,  and  it  is  remarkable  how 
accurate  they  are  even  after  long  usage.  There  have  been  several 
occasions  where  people  have  complained  that  the  machine  was 
not  accurate,  but  upon  investigation  it  was  found  in  almost  every 
instance  that  the  machine  was  not  screwed  well  to  the  board. 
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WATER  AND  HEAT  COySCMPTIOX  OF  A  COMPOUND 
ENGINE  AT  TARIOVS  POWERS.] 

BT  D.  8.  JACOBUS,   HOBOKEX,  ST.  J. 

(Member  of  the  Society.) 

1.  The  engine  on  which  the  test  was  made  was  located  at  the 
Brooklyn  plant  of  the  American  Sngar  Refining  Company.  It 
is  manofactared  by  the  Providence  Engineering  Works  and  was 
of  the  Rice  and  Sargent  horizontal  cross-compound  type,  pro- 
vided with  a  Corliss-valve  gear.  The  principal  dimensions^ 
measured  when  hot,  were 

Bore  of  cylinders 90.08  and  40  inches. 

Length  of  stroke  for  each  piston 42  inches. 

Diameter  of  piston  rods 8.5  and  4.75  inches. 

The  average  clearance  for  each  end  of  the  cylinder  was  4.7  per 
cent,  for  high  pressure  cylinder,  and  7  per  cent,  for  the  low 
pressure  cylinder. 

The  engine  was  provided  with  a  reheater  coil  in  the  receiver, 
which  was  supplied  with  steam  at  boiler  pressure.  The  cylinder 
heads  of  both  high  and  low  pressure  cylinders  were  jacketed 
with  high  pressure  steam.  The  condenser  was  of  the  Bulkley 
type.  The  engine  ran  at  about  120  revolutions  per  minute,  and 
was  directly  connected  to  an  electrical  generator.  The  steam 
pressure  averaged  about  150  pounds  per  square  inch  above  the 
atmosphere,  and  there  was  an  exceptionally  good  vacuum. 

2.  The  principal  results  of  the  test  are  given  in  Table  I.  The 
water  consumption  of  the  engine  per  indicated  horse-power  per 
hour,  as  given  in  the  11th  column  of  this  table  varied  from  12.10 

*  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Transactions. 

f  For  further  references  on  this  subject,  see  Transactions  as  follows : 
No.  208,  vol.  ix.,  p.  545:  "Memoranda  on  Performance  of  Compound  Engine.'' 

(leo.  11.  Barrus. 
Ko.  OeO,  vol.  xvi.,  p.  170  :    'Test  of  Compound  Engine."     F.  W.  Dean. 
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poands  at  627.4  horse-power  to  12.75  pounds  at  IjOO'l.S  horse- 
power. At  491.4  horse-power  the  water  consumption  was  13.92 
poands,  and  at  339.7  horse-power  it  was  14.58  pounds.  Those 
figures  represent  the  total  water  consumption,  including  that 
used  by  the  jackets  and  reheater  coil.  The  heat  consumption  in 
British  thermal  units  per  indicated  horse-power  per  minute,  is 
given  in  the  12th  column  of  the  table.  This  heat  consumption 
is  computed  according  to  the  standard  recommended  by  the  Civil 
Engineers  of  Great  Britain,  where  the  engine  is  credited  w^ith  the 
maximum  temperature  at  which  it  could  return  tlie  water  to  the 
boiler.  The  results  varied  from  222.7  British  thermal  units  per 
minute  per  indicated  horse-power  at  627.4  indicated  horse-power 
to  231.8  at  1004.3  indicated  horse-power  and  267.7  at  339.7 
horse-power. 

TABLE   I. 
Final  TIksults  of  Tests. 
Order  of  Testa  Based  on  the  Amount  of  Power  Generated, 
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♦  Total  including  that  coiiHumed  by  jackets  and  reheater  coil. 

3.  Fig.  269  shows  some  of  the  principal  results  graphically.  It 
will  be  seen  that  all  the  results  fall  well  in  line  with  the  excep- 
tion of  two  tests,  Nos.  5  and  6,  which  were  made  at  the  lighter 
powers.  The  reason  for  the  variation  from  the  curve  in  these 
two  tests  is  that  it  was  impossible  to  prevent  an  excessive  steam 
pressure  in  the  boilers,  w^hich  were  operated  by  Ronoy  stokers, 
without  opening  side  doors  in  the  boiler  setting  and  admitting 
cold  air  above  the  grates.     This  produced  erratic  readings  of  the 
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water  levels  in  the  boilers,  and  made  it  impossible  to  obtain  as 
close  results  as  in  the  other  tests  where  the  side  doors  were  not 
opened.  There  were  loops  formed  at  the  lower  ends  of  the  ex- 
pansion lines  of  the  indicator  diagrams  of  the  high  pressure 
cylinders  in  the  two  tests  where  the  power  was  the  lightest. 
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jacUui,  D.8.  Indicated  Horsepower. 

Fig.  269. — Curves  Showing  the  Water  and  Heat  Consumption  per  Indi- 
cated Horse-power. 

4.  The  water  consumption  was  determined  by  weighing  the 
feed  water  supplied  to  two  Babcock  &  Wilcox  boilers  which 
furnished  the  steam.  All  water  and  steam  connections  where 
leakage  would  not  be  apparent  were  blanked  off.  The  feed- 
pump was  supplied  with  steam  from  an  independent  source  of 
supply  so  that  all  the  steam  generated  by  the  two  boilers  passed 
to  the  engine. 

5.  Before  starting  to  take  the  readings  for  a  test,  the  engine 
was  run  for  an  hour  or  more  to  make  sure  that  uniform  condi- 
tions Avere  secured.  If  the  first  readings  were  not  uniform,  the 
start  was  delayed  until  such  was  the  cas(\  The  amount  of  water 
fed  each  hour  Avas  determined,  and  the  tests  were  made  of  such  a 
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length  that  they  could  be  divided  into  several  intervals,  which 
gave  results  agreeing  very  nearly  with  each  other.  The  w^ater 
at  the  boilers  was  balanced  up  in  two  ways  at  each  hourly  inter- 
val. The  first  balance  was  made  by  running  the  feed-pump  as 
uniformly  as  jiossible  and  keeping  the  water  at  a  given  level. 
After  securing  this  reading,  the  water  level  was  raised  in  the 
boilers,  the  pump  stopped,  and  tlie  time  taken  when  the  water 
reached  the  given  level.  The  rates  of  feed  water  furnished  to 
the  boiler  were  found  to  be  more  uniform  by  the  second  method 
than  by  the  first,  and  the  readings  based  on  the  second  method 
were,  therefore,  used  in  the  computations. 

6.  The  weight  of  drip  water  from  the  jackets  and  from  the 
receiver  coil  was  determined  in  tests  Nos.  4,  5  and  6.  A  special 
test  was  made  to  determine  the  amount  used  for  the  conditions 
which  existed  in  test  No.  1.  In  tests  Xos.  2  and  3  the  amount 
of  drip  water  was  detennined  by  basing  it  on  the  results  found 
in  the  tests  where  it  was  measured.  The  amount  of  drip  water 
is  one  of  the  factors  entering  the  computations  of  the  heat  con- 
sumption which  are  given  in  Table  II.  Any  error  in  the 
amounts  of  drip  water  in  those  tests  where  it  was  estimated  from 
the  amount  found  in  other  tests  will  affect  the  final  result  but 
little,  as  an  error  in  the  drip  .vater  amounting  to  10  per  cent., 
or  about  1  per  cent,  of  the  total  feed  water,  will  cause  an  error 
of  but  I  of  1  per  cent,  in  the  figure  for  the  heat  consumption. 

7.  The  quality  of  the  steam  was  measured  by  means  of  two 
Barrus  throttling  calorimeters  attached  to  nipples  entering  the 
steam  main  at  points  near  the  throttle- valve.  There  was  a  sepa- 
rator in  the  steam  main  througli  which  the  steam  passed  before 
reaching  the  calorimeters.  The  steam  supplied  to  the  engine 
was  found  to  be  dry.  Any  water  separated  from  the  steam  by 
the  separator  was  deducted  from  the  f(»ed  water  in  order  to  ob- 
tain the  net  feed  water  used  by  the  engine. 

8.  The  electrical  power  generated  by  the  engine  was  absorbed 
by  two  water  rheostats,  in  each  of  which  two  plates  of  boiler 
steel  were  suspended  in  salt  water.  These  plates  were  about 
2  feet  ^ide,  *>  feet  dec^p  and  i-inch  in  thickness.  Both  of  the 
rheostats  were  used  in  the  tests  witli  heavy  loads,  and  but  one 
in  the  tests  with  light  loads.  The  ])lates  lost  weight  rapidly 
when  in  use,  and  it  was  n(^cessarv  to  renew  them  several  times 
before  the  series  of  tests  were  complet(Ml. 

9.  The  indicator  springs  w(U'e  cai*efully  calibrated,  and  the 


1278     WATER  AND   HEAT   CONSUMPTION   OF  A  COMPOUND  ENGINE. 


TABLE    n. 

COMPTTTATION  OF  THE  HeAT  Ck)NSUMBD  IN  B.  T.  U'S.  PBB   MUXITTR 
CATED  HORSE-POWER. 
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equivalent  scales  corresponding  to  the  cards  for  each  test  were 
determined  by  the  standard  method,  which  allows  for  all  varia- 
tions. The  equivalent  scales  were  found  to  be  practically  uni- 
form for  the  high  pressure  diagrams,  and  were  so  taken,  whereas 
for  the  low  pressure  diagrams  it  was  necessary  to  employ  a  dif- 
ferent scale  for  each  test. 

The  platform  weighing  scales  used  in  the  tests  were  calibrated 
with  United  States  standard  weights  to  the  maximum  weight  to 
which  they  were  subjected. 

Average  indicator  cards  and  combined  diagrams  aregiven  for  the 
tests  where  the  maximum  power  was  developed,  where  the  maxi- 
mum economy  was  obtained  and  where  the  minimum  horse-power 
was  developed,*  these  are  numbered  Figs.  270  to  272  inclusive. 

10.  Table  III.  gives  the  average  mean  effective  pressures  and 
computations  of  the  horse-power.  Table  lY.  contains  computa- 
tions of  the  water  consumption  from  the  high  pressure  indicator 
diagrams.  The  percentage  of  steam  not  accounted  for  by  the 
indicator  less  that  consumed  by  the  jackets  and  reheater  coil 
may  not  be  as  accurate  in  tests  1,  2  and  3  as  in  the  others^ 
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Fig.  270.— Txdicator  Cards  and  Combined  Diagram  tor  Test  No.  2. 

Test  with  liiAvivat  luad: 

TV.            T.,    .          Art'a  of  Indicator  DlaOTami*      __ 
Diagram  Uctor  =         — ^^^  aBCDJJ^^' =  ^  ""  '•"'• 


Ratio  of  ExpanHioii  =  .  „  =  ^^* 
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Fig.  271 . — Indicator  Cards  and  Combined  Diagram  for  Test  No.  3. 


Teat  where  the  maximum  economy  wa8  obtoined: 
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FiQ.  272. — Indicator  Cards  and  Combined  Diagram  for  Test  No.  5. 
Test  with  lighteot  load: 
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because  in  these  tests  the  steam  consumed  by  the  jackets  and 
the  reheater  coil  was  not  measured  but  was  estimated  from  the 
results  of  tests  made  under  similar  conditions. 


TABLE  III. 
Mean  Effectiye  Pressures  and  Horsb-powbbs. 

Horse-power  coDstanto  for  high-pressure  cylinder  =  (revolations  per  minnte  x  0.06842)  for  head 
end  ;  and  (revolutions  per  minate  x  0.08240)  for  crank  end. 

Horse-power  constants  for  Icw-pressnre  cylinder  =  (revolutions  per  minate  x  0.188S)  for  head 
end  ;  and  (revolutions  per  minute  x  0.1314)  for  crank  end. 
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491.4 

15.15 

13.67 

20.32 

7.11 

20.48 

6.66 

122.67 

62.11 

58.94 

116.05 

116.85 

107.86 

888.61 

889.7 

1.39 

1.28 

20.82 

1.08 

20.48 

1.04 

122.00 

6.67 

5.06 

10.78 

17.66 

16.6? 

84.88 

46.0 

TABLE   IV. 
Steam  Consumption  Computed  from  Indicator  Diagrams  of  the  High 

Pressure  Cylinder. 
T?ie    Average   Data  from  Five  or  More  Sets  of  Diagrams  are  used  in  each 

Computation. 


Number 

OF 

Tests. 

Steam  consumption 

computed  from  indicator 

diagrams  in  pounds  per 

hour  per  horse-power. 

Total  feed 
water  con- 
sumed in 
pounds    per 

hour  per 
horse  power. 

Percentage  of 

total  feed 

water  used  by 

jackets  ancf 

reheatcr 

coils. 

Percentage  of  total  feed 
water  not  accounted  for  by 
indicator  diagrams  =  total 
percentage  not  accounted 

for,  less  that  used  by  the 
jackets  and  reheater  coils. 

Near 
cut-oflf. 

9.83 
9.60 
8.92 
8.17 
7.44 
6.79 

Near 
releaHc. 

Near  cqt-ofF. 

Near  release. 

2 
1 
4 

:] 

6 
5 

9.85 
9.37 
9.45 

8.73 
8.83 
9.77 

12.75 
12.33 
12.55 
1-2. 10 
13.92 
14.58 

11.5 

9.9 

9  1 

10.7 

10.8 

9.9 

11.4 
12.3 
19.9 
21.8 
85.8 
43.5 

11.2 
14.1 
15.6 
17.2 
25.8 
28.1 

WATER  AND   HEAT   CONSUMPTION   OF   A   COMPOUND  ENGINE.     r2S:3 


DISCUSSION. 

Mr,  Rochioood, — This  paper  appears  to  be  purely  a  record  of 
observed  facts,  and  not  to  be  controversial  in  any  way,  although 
bearing  upon  the  subject  of  compound-engine  design  with  much 
force.  It  is  simply  a  statement  of  what  Professor  Jacobus  found 
in  these  tests;  and  as  I  am  sure  there  is  no  more  competent 
-tester  of  engines  in  the  world  than  Professor  Jacobus,  these  re- 
sults ought  1)0  of  substantial  value.  I  should  like  to  offer  a  few 
remarks  suggested  by  the  values  as  presented. 

In  the  first  ])lace  the  economy  of  steam  is  very  high.  It  is 
noticeable  that  it  w^as  obtained  while  exhausting  into  a  very 
unusually  good  vacuum,  namely,  28.03  inches.  I  have  always 
believed  that  the  highest  economy  of  coal  comes  with  the  high- 
est degree  of  vacuum.  There  was  a  heresy,  widesj)rcad  at  one 
time,  that  the  medium  vacuum — 24  to  20  inches — gave  the  best 
results.  The  idea  was  based  on  the  })<)ssibility  of  obtaining  hot- 
ter feed-water  from  the  hot-well  with  the  higher  coiKlonsor  tem- 
perature. A  few  months  ago  I  crossed  tlio  Atlantic  on  a  steam- 
ship where  they  were  running  1(),(M)0  lioi^o-powor,  and  the 
engineer  told  me  that  he  was  endea voicing  to  carry  only  24  inches 
of  vacuum  for  the  sake  of  the  hotter  feed-water  this  gave  him, 
thus  wholly  ignoring  the  waste  of  ])ower  due  to  the  extra  back 
pressure  in  the  condenser.  Another  consideration  inHuencing 
the  advocates  of  this  low-vacuum  theory  is  the  reduction  in  tem- 
perature range  in  the  ]ow-])ressure  cylinder  accomj)anying  the 
low  vacuum. 

It  has  been  my  belief  that,  notwithstanding  these  disadvan- 
tages, the  extra  useful  work  ])erforme(l  in  the  low-])ressure  cyl- 
inder by  the  higher  vacuum  (provided  it  does  not  cost  too  much 
to  obtain  this  higher  vacuum)  will  more  than  com))ensate  for  the 
losses  by  cooler  feed- water  and  greater  tenjp(»rature  ranges  All 
the  best  work  done  with  pumping-iMigines — of  the  Allis,  Seron 
and  I..eavitt  types — has  bec^n  don(i  with  tlu^  highest  vacuum,  and 
now  these  Jacobus  tests  still  fui'ther  bear  out  this  view. 

The  next  interesting  point  about  the  phmt  tested  is  the  type 
of  condenser  used  to  get  tlio  high  vacuum  n^corded — that  is,  the 
Bulkley  injector-condenser.  I  have?  hitely  been  interested  in 
getting  the  best  condc^nsing  ]>1ant  for  a  steam  turbine.  The 
builders  of  the  turbine  advisee  a  very  heavy  expenditure  of  money 
on  a  surface  condenser,  or  a  ''barometric"  condenser,  operated 
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by  a  double-stage  (Iry-vacuum  pump  at  a  cost  of  $2,500,  when 
a  Bulkley  condenser  plant  can  be  installed  for  less  than  half  that 
sum.  Moreover,  the  turbine  does  not  have  the  disadvantage  of 
air  leaks  around  piston-rods  and  valve-stems  as  this  engine  has; 
yet,  here  in  this  paper,  it  is  stated  that,  with  the  leaks  insepar- 
able from  piston-rod  and  valve-stems,  and  long  runs  of  exhaust 
and  water-supply  pipes,  the  vacuum  obtained  was  as  high  as  can 
be  depended  upon  with  the  best  double-stage  dry-vacuum  pump 
arrangement,  with  its  high  cost  for  power  to  operate  it. 

Another  matter  of  considerable  general  interest  upon  which 
the  data  in  the  paper  bear  is  the  question  whether  it  is  wise  to 
install  a  comparatively  large  engine  for  a  given  power  require- 
ment, thereby  getting  a  somewhat  reduced  steam  consumption 
per  indicated  horse-power  per  hour,  or  to  buy  a  smaller  engine 
on  account  of  its  lesser  first  cost. 

In  the  case  before  us  Professor  Jacobus  found  that  when  the 
engine  works  at  the  rate  of  1,004  indicated  horse-power  it  uses 
12.75  pounds  per  indicated  horse-power  per  hour,  and  when  it  is 
loaded  to  a  little  more  than  one-half  that  rate — 627  indicated 
horse-power — it  uses  but  12.1  pounds.  The  larger  engine  is  thus 
more  economical  of  fuel  when  under  loaded  than  when  full 
loaded.  But  the  question  to  be  answered  by  the  purchaser  of  an 
engine  is  whether  the  larger  engine  will  earn  enough  by  its  sav- 
ings in  coal  to  warrant  its  extra  cost. 

It  will  save  the  difference  between  12.76  and  12.1,  as  compared 
with  12.76,  or  5  per  cent,  of  its  coal.     The  total  coal  consump- 
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tion  during  running  time  will  be  at      '       x  1,004  x  10  x  310  = 

about  2,000  tons.  This,  at  $4.00  a  ton,  will  cost  $8,000.  The 
saving,  therefore,  will  be  5  per  cent,  of  $8,000,  or  $400  per  an- 
num. The  difference  between  the  cost  of  an  engine  of  1,004 
horse-power  and  one  of  627  horse-power,  at  $22.00  at  horse-power, 
would  be  377  x  22  =:  $8,294.  There  will,  however,  be  a  differ- 
ence of  about  20  horse-power  in  the  friction  loads  of  the  two  en- 
gines. This,  at  the  same  cost  for  power,  reduces  the  apparent 
saving  of  $400  to  $240 ;  and  the  net  earning  of  the  larger  engine 
is  but  3  per  cent,  on  the  extra  first  cost,  to  say  nothing  of  extra 
oil,  waste  and  attendance. 

It  is,  however,  some  satisfaction  to  know  that  there  is  any 
saving  at  all  when  one  feels  obliged,  in  view  of  future  exten- 
sions, to  provide  more  engine-power  than  he  would  otherwise. 
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Mr,  C.  V.  Kerr, — As  long  as  this  condenser  question  has  come 
up  I  want  to  call  the  attention  of  the  meeting  to  a  note  which 
I  gathered  from  the  Hartford  Electric  Light  Works  during  the 
last  winter.  They  have  a  Worthington  condenser  there,  run  in 
connection  with  a  cooling  tower  and  centrifugal  })umps.  In  the 
summer  time  tlie  vacuum  ran  from  20f  inches  to  27^  inches,  with 
82  degrees  of  circulating  water^  and  in  the  winter  from  28  to  2t» 
inches.  This  vacuum  is  measured  by  a  mercury  column  attached 
to  the  exhaust-])ipe,  perhaps  20  feet  from  the  turbine.  Tliis  is  a 
1,500-turbine  which  is  used  in  connection  with  the  power  plant. 
The  vacuum  mentioned  is  2S.0  inches,  I  believe,  and,  if  the  engi- 
neer did  not  fail  in  his  recollection  of  the  exact  figure,  here  is  one 
29  inches,  which  is  a  little  higher  than  that  given.  In  tliis  case 
there  is,  I  believe,  a  two-stage  air-pump  used  in  connection  with 
the  condenser,  which  ])robably  accounts  in  part  for  the  Jiigli 
vacuum.  It  should  be  noticed,  also,  that  there  is  a  dilFerence  in 
the  vacuum  between  summer  and  winter. 

Mr.  J,  S.  Coon, — On  this  subject  of  condensers,  I  would  call 
the  attention  of  the  gentlemen  here  to  the  ])lant  of  the  Manhat- 
tan Elevated  Eailroad  in  Xew  York  CMty.  On  Monday  of  this 
week  I  was  in  their  station  looking  around,  and  Mr.  Tomlinson, 
the  Chief  Engineer,  told  me  that  they  had  made  some  careful 
experiments  to  determine  the  loss  of  pressure  on  the  exhaust- 
pipe,  between  the  cylinder  and  the  condenser,  and  he  made  the 
astonishing  statement  that  that  loss  of  })ressure  was  a  pound  and 
a  quarter  in  a  30-inch  steam-pipe  at  a  point  ne^r  the  cylinder  and 
a  jK)int  near  the  condenser.  I  suj)pose  many  of  you  gentlemen 
are  familiar  with  the  constructioii  in  that  station  and  know  that 
the  exliaust-pi|>e  goes  a  distance  of  00  or  70  feet — a  I50-inoh  ])ipe 
— from  the  low-pressure  cylinder  to  the  condensers  down  under- 
neath the  engine-room  floor.  They  are  now  taking  out  all  of 
those  condensers,  the  air-pumps  being  driven  by  electric  motors, 
and  substantially  a  modified  ]>ulkley  condenser — moditied  to  the 
extent  of  having  the  air-j)ump  attached  to  it — is  being  placed 
light  up  against  the  cylinder,  so  that  they  will  get  rid  of  the 
|K>und  and  a  quarter  loss  in  the  steam-j)ipe.  The  vacuum  obtained 
in  both  cases  is  about  2Si  inches.  The  injection  of  the  water  is 
forced  to  the  condenser  by  a  circulating  pump  driven  by  a  Hall 
engine.  The  exhaust  from  the  engine  is  j)at  into  the  receiver 
between  the  two  cylind<Ts.  Tlie  fall  between  the  condenser  and 
the  out-take  is  over  r.n  feet,  being  sufllcient  to  maintain  tiie 
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vacuum.  The  astonishing  thing  to  me  about  the  plant  was  the 
enormous  loss  of  pressure  between  the  cylinder  and  the  conden- 
ser, but  Mr.  Tomlinson  says  that  they  expect  to  get  at  least  12 
per  cent,  increase  in  the  power  of  the  engines,  and  a  correspond- 
ing increase  in  economy  by  the  changes  that  they  are  now 
making. 

Mt\  F.  R,  Low. — I  think  Mr.  Coon  has  left  out  the  most  in- 
teresting feature  of  that  plant,  and  that  is,  that  Mr.  Tomlinson 
is  arranging  so  that  he  will  be  }>repared  to  discharge  the  dry-air 
pump  into  the  tail  pump. 

M)\  Alheri  A,  Carij, — According  to  my  understanding,  the  con- 
densing water  used  in  the  station  just  referred  to  is  salt  water 
obtained  from  the  East  River.  The  resulting  mixture,  consist- 
ing of  the  condensed  steam  from  the  engine  and  the  salt  water 
from  the  river  of  course,  is  useless  for  boiler  feed-water,  and, 
therefore,  all  of  the  water  supply  must  be  drawn  from  the  city 
mains  which  results  in  a  considerable  item  of  expense  in  these 
very  large  stations. 

This  brings  before  us  the  much-debated  question  occurring  in 
these  Xew  York  water  front  stations,  as  to  whether  it  is  more 
desirable  to  us^  this  or  a  jet  form  of  condenser  and  throw  away 
the  condensed  steam,  or  else  to  use  a  surface  condenser  and  save 
this  water  with  its  contained  oil  for  boiler  feeding,  and  depend 
ui)on  some  one  of  the  numerous  so-called  oil-separators  to  protect 
the  boilers  from  disaster. 

There  are  stations  on  the  water  front  where  they  are  follow- 
ing this  last  described  practice  Avith  seemingly  good  success,  and 
it  would  be  very  interesting  to  know  the  comparative  cost  of 
kec^ping  the  boilers  in  repair  in  the  stations  using  each  of  these 
forms  of  (condensers. 

Prnfemor  Jae<ibnsJ^ — I  thank  the  gentlemen  for  their  kind  dis- 
cussions, to  which  there  is  little  I  need  reply  to  or  add. 

The  vacuum  to  give  the  highest  coal  economy  depends  on  the 
ratio  of  expansion.  AVhere  there  is  a  low  ratio  a  very  high  vacuum 
may  not  bo  as  economical  as  a  somewhat  lower  one,  but  with  a 
high  ratio  and  a  correspondingly  economical  engine  the  greater 
the  vacuum,  within  ordinary  limits,  the  greater  the  economy. 

The  condensing  Avator  for  the  Bulkley  condenser  was  supplied 
from  the  city  service,  and  the  inlet  valve  was  adjusted  to  give 


*  Author's  Closure,  under  the  Rules. 
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the  best  vacuum.  In  tho  tests  tliis  water  was  wasted,  but  under 
working  conditions  it  is  used  in  the  refinery.  On  comparing 
this  condenser  with  one  of  tlie  surface  condensing  type,  the  fact 
that  a  pump  often  has  to  be  used  to  raise  the  cooling  water  to 
it  must  not  be  lost  sight  of. 

There  is  one  feature  which  should  have  been  mentioned  in  the 
paper  which  wjis  omitted;  this  is,  that  the  valve-gear  w^as  ad- 
justed once  for  all  before  starting  the  test  and  was  not  altered 
in  any  way  during  tlio  tests.  As  stated  in  the  paper,  there  were 
loops  at  the  lower  ends  of  the  expansion  lines  of  the  indicator 
diagrams  of  the  high-pressure  cylinder  in  the  two  tests  where 
the  power  was  the  liglitest.  Tliese  loops  could  have  been  avoided 
if  the  valve-gear  had  been  adjusted  before  making  tlie  tests  at 
the  low  powers,  but  as  the  work  ordinarily  placed  on  the  engine 
caused  sudden  variations  in  tlie  power,  tlie  valve-gear  could  not 
be  adjusted  while  running  in  regular  service,  and  this  was,  there- 
fore, not  done  in  the  tests.  Had  the  valve-gear  been  adjusted 
so  as  to  avoid  the  loops,  the  water  consumption  would  probably 
have  been  more  economical  in  the  two  tests  at  the  low  powers 
than  that  which  was  found. 

The  indicator  diagrams,  Figs.  27<  >  to  272  inclusive,  have  not  been 
reproduced  exactly,  and  the  lines  in  the  cuts  are  irregular; 
whereas  the  original  cards  were  smooth  and  symmetrical.  It 
is  not  apparent  on  the  combined  diagrams  how  the  point  G  is 
located.  This  is  found  by  extending  the  expansion  line  of  the 
low-pressure  cylinder,  according  to  the  hyperbolic  law,  until  it 
intersects  a  vertical  line  passing  through  the  end  of  the  diagram. 
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No.  .1000.  • 

DESCRIPTION  OF  SIXTY-FOOT  VERTICAL  BORING 
AND  TURNING  MILL  DESIGNED  BY  JOHN  RID- 
DELL  FOR  GENERAL  ELECTRIC  CO. 

BT  JOHN  BIDDELL,  8CHENECTAOT,  H.  T. 

(Member  of  the  Society.) 

1.  The  mill  herein  described  was  made  necessary  owing  to  the 
constantly  increasing  dimensions  of  dynamo  electric  machines. 
On  account  of  its  immense  proportions  and  weight  of  material, 
it  was  deemed  necessary  to  build  it  in  the  factory  where  it  was 
to  be  used,  and  it  has  been  suggested  by  several  disinterested 
parties  that  a  general  description  of  the  machine  would  be  of 
interest  to  the  members  of  the  American  Society  of  Mechanical 
Engineers,  or  any  others  interested  in  large  machine  work. 

Possibly  the  best  way  to  describe  this  machine  would  be  to 
start  with  the  foundation. 

Foundation, 

2.  This  is  shown  in  section  in  Fig.  273,  which  also  shows  a  sec- 
tion through  the  whole  machine.  From  the  floor  line  to  the 
bottom  of  foundation  is  22  feet  6  inches. 

When  the  excavation  was  made  for  this  foundation  a  bed  of 
quicksand  was  struck  at  the  depth  of  8  feet,  which  rendered  it 
necessary  to  have  a  steel  tank,  9  feet  in  diameter  by  12  feet  9^ 
inches  in  height,  sunk  to  keep  back  the  sand  and  water.  It  was 
found  impossible  to  sink  this  tank  by  the  regular  method  of  dig- 
ging, and  the  hydraulic  process  of  sinking  was  resorted  to.  After 
the  tank  was  in  place,  as  much  earth  as  possible  was  removed  from 
the  outside,  gradually  rounding  the  bottom  up  toward  the  outer 
edge  of  the  foundation,  the  object  being  to  keep  the  bottom  of 


*  Presented  at  the  Saratoga  meeting  (June,  ld03)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions, 
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segment  weighs  26,000  pounds,  making  a  total  for  bed  plate  of 
J^OjTOU  pounds.  The  bod  ]>late  has  two  ways  for  table  to  revolve 
upon,  the  centre  of  outside  way  is  17  feet  6  inches  in  diameter 
and  is  10  inclies  wide.  The  centre  of  inside  way  is  5  feet  diam- 
eter and  is  6  inches  wide.  The  outside  way  has  a  bearing  sur- 
face of  6^600  square  inches,  and  the  inside  way  a  bearing  surface 


Fio.  275. 

of  1,130  square  inches,  making  a  total  bearing  surface  for  table 
of  7,730  sc|iiar<3  inches.  The  maximum  approximate  total  weight 
including  table  that  the  bed  plate  is  expected  to  carry  is  300  tons^ 
thus  making  a  pressure  of  77.6  pounds  per  square  inch.  It  is 
also  bored  out  in  the  centre  to  a  diameter  of  4  feet  to  receive  the 
main  bearing  for  table  spindle.  It  has  a  projecting  shelf  or 
flange  around  entire  perijihery,  faceil  on  upper  side  to  form  a 
support  for  floor  plates,  Fig.  275,  which  are  bolted  securely  to  the 
same,  and  is  also  faced  on  bottom  to  form  seat  for  bar  support. 
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4,  Ample  means  are  pro\dded  for  oiling  the  table  ways,  by 
flooding  or  by  prei^sLire;  tbe  flanges  at  sides  of  ways  form  an 
oil  well  and  are  of  sufficient  height  to  allow  a  head  of  2  inches 
of  oil  aViove  surface  of  tearing  at  all  times.  (It  may  be  of  inter- 
est to  know  that  32  gallons  of  oil  are  required  for  this  purpose.) 

There  are  two  sets  of  oil  channels,  one  consisting  of  a  niiml>er 
of  grooves  i  inch  wide  hy  i  inch  deep,  running  diagonally  across 
tbe  ^vays,  in  opposite  directions  (o]>en  at  the  ends)  sub-dividing 
the  same  into  a  numl)er  of  triangular  faces*  free  circulation  being 
thus  induced  from  side  to  side  of  bearing. 

The  pressure  system  consists  of  a  number  of  pipes  from  press- 
ure main  terminating  in  radial  oil  grooves  in  ways. 

5.  The  pressure  and  return  piping  being  of  brass,  all  branches 
are  bent,  no  elbows  being  used.  Two  mains  extend  entirely 
around  bed  plate,  as  seen  in  vertical  section  of  mill,  the  lower 
being  the  pressure  and  upper  the  return  mains.  Six  1-inch 
branches  from  return  main  pass  up  through  oil  well  at  side  of 
ways  and  ternnnate  in  open  pipes  2  inches  high,  to  take  care 
of  surplus  oib  All  other  bearings  are  piped  to  a  central  loca- 
tion and  are  fitted  with  sight- feed  oil  cups. 

TaMe. 


6,  The  table  is  20  feet  4  inches  in  diameter,  and  is  made  in 
three  sections,  each  section  weighs  i^6j3()0  pounds— total  w^eight 
of  table  78,900  jK^unds. 

The  table  has  a  range  of  speeds  from  one  revolution  in  8  min- 
utes to  one  revolution  in  1  minute.  The  greatest  gear  reduction 
obtained  for  driving  table  being  1^040  to  one- 
Table  is  driven  through  a  si>ur  gear  2*)  feet  pitch  diameter^ 
3.1410  inches  circumferential  pitch  10^  inches  face,  made  in  two 
pieces  of  gun  iron,  bolted  to  under  side  of  table,  Fig,  2T6,  This 
gear  weighs  14,000  pounds  and  is  driven  by  two  pinions,  180 
degrees  ai)art.  Pinions  are  15  pitch  diameter,  and  are  made  of 
forged  steeb 

7.  The  spindle  for  the  table  has  a  length  of  (\  U^t  0  inches, 
and  greatest  diameter  5  feet  6  inches  where  it  rests  in  inner  way 
of  bed  plate,  and  has  a  taper  of  f  inch  i>er  foot  on  main  bearing, 
being  46  inches  diameter  at  large  end  and  40  inches  long;  weight 
of  same  being  10,100  pounds.  It  is  also  bored  out  and  splined 
at  each  end  to  receive  bearings  for  the  boring  bar  sleeve,  and 
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plates  ra<lial]y  G  feet  wkle  by  10  ft^et  6  inches  long,  making  com- 
plete outside  diameter  of  65  feet.  Each  of  these  plates  weigh 
13,000  pounds,  making  a  total  weight  for  the  15  of  195,000 
]>Diind5, 

^,  The  stationary  table  has  two  tracks  upon  its  surfaoe,  centre 
of  inside  track  being  30  feet  diameter  and  centre  of  outside  track 
40  feet  diameter,  both  12  inches  wide.  The  object  of  these 
ti'ucks  is  to  form  an  outer  bearing  for  support  on  Avhich  boring 
tool  heads  rest  when  boring  out  large  fly- wheels  or  fraiDeSj  or 
forming  outer  l>earing  for  frames  or  fly-wheels  when  they  are 
lieing  revolvetl  by  table  and  are  being  turne*!  on  their  outside 
diameters.  These  tracks  are  covered  by  a  moving  platform,  to 
protect  them  from  chips  or  dirt,  and  upon  ^v^hich  the  operator 
mav  stand* 


Bor\ 


intj 


Bar 


0.  The  bar  support,  Fig.  278,  consists  of  a  cast  iron  shell  made 
up  of  a  number  of  segments  which  have  been  niachinetl  \\\\ 
and  bolted  together,  and  is  suspended  from  under  side  of  bed 
plate.  At  ^1  is  shown  a  Beat  for  bevel  pinion  on  main  tal>le 
driving  shaft;  at  i?  seats  for  bearings  of  diagonal  shafts;  at  O 
seats  for  main  driving  shaft  of  boring  bar;  and  at  /)  a  sejit  for 
step  bearing  of  bar  drive,  while  at  liottom  is  support  for  boring 
bar, 

10.  The  boring  bar  was  designed  for  boring  out  work  varving 
from  1  foot  to  B  feet  in  diameter,  is  24  inches  diameter  by  16 
feet  long,  and  is  made  to  revolve  in  either  direction  by  means 
of  suitable  ge^iring  and  reversing  clutches  through  a  gear  69i 
inches  diameter  by  6  inches  face,  which  is  placed  upr)n  the  lower 
end  of  the  bar  sleeve.  This  sleeve,  which  weighs  8,450  pounds, 
is  S  feet  1^  inches  long,  rests  and  revolves  in  flat  bearing  in 
the  ton  of  the  table  spindle,  and  is  centred  hy  means  of  the 
tapered  bearings  A  and  B  placed  res]>ectively  at  the  to]>  and 
bottom  of  the  main  spindle,  keyed  to  the  same  lo  prevent  tur- 
ning, but  ailjustable— vertically^ — l)y  suitable  adjusting  screws, 
as  shown  in  vortical  section  of  mill.  This  sleeve  has  feathers 
fastened  in  the  bore,  through  which  the  bar  passes, 

IK  The  bar  which  is  to  have  an  hydraulic  feetl  is  made  in  two 
sections— each  a  cylinder — the  upper  12  inches  diameter  by  4 
feet  8  inches  travel,  and  the  lower  IS  inches,  bushed  with  copper 
sleeve  to  17|^  inches  diameter,  and  has  a  travel  of  8  feet-     The 


up]i€r  end  passing  through  this  tube  and  for  lower  end  thmugh 
outside  or  i>isti:jn  rod  tube  and  by  means  of  port  in  the  sume 
near  its  connection  with  the  piston  passes  into  cylinder;  thus,  by 
admitting  oil  to  under  side  of  piston,  the  bar  or  cylinder  moves 
downward  and  admission  to  upper  side  gives  motion  upward, 
12.  Should  it  be  necessary  to  bore  out  a  piece  of  work  24 
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inches  or  less  in  diameter,  resource  is  then  had  to  the  upper  cyl- 
inder, where  we  have  a  double-acting  piston,  the  rod  of  which 
is  8  inches  diameter  ana  forms  the  boring  bar.  Oil  for  operating 
this  plunger  is  obtained  as  follows:  Valve  A  in  bottom  cylinder 
head  is  opened,  the  oil  passes  througli  valve  up  through  pipe 
which  is  embedded  in  side  of  bar,  up  to  and  through  inner  head 
between  upper  and  lower  cylinders,  thence  to  under  side  of  top 
piston;  the  feed  being  controlled  by  the  quantity  of  oil  allowed 
to  escape  from  upper  side  of  piston.  It  ^vill  thus  be  seen  that 
pressure  is  on  both  sides  of  both  ])istons  at  the  same  time,  the 
pressure  from  pump  being  at  the  lower  side  of  top  piston  and 
lower  side  of  bottom  piston,  while  the  exhaust  is  on  opi)osite  side 
of  pistons;  this  is  to  prevent  any  jumping  effect  of  the  bars  in 
vertical  direction  when  blo\v  holes  or  other  obstructions  are  en- 
countered. By  reversing  the  main  oi)erating  valve,  feed  in 
opposite  direction  is  obtained,  the  top  of  large  bar  and  small 
plunger  being  made  with  taper  sockets  and  key  to  carry  boring 
heads.  These  boring  hejuls  being  provided  with  suitable  cross- 
feed  slides  to  bore  to  diameter  required.  Thus  when  key-ways 
are  required,  the  same  may  be  done  by  removing  the  boring  tools 
and  substituting  slotting  tools,  and  then  by  manipulating  the 
main  operating  valve  the  bar  may  be  given  the  cutting  speed 
required  and  also  have  a  quick  return. 

iHundards  or  Housings. 

18.  The  housings  are  constructed  entirely  different  from  the 
standard  type  of  vertical  boring  mill.  There  are  two  large  port 
able  uprights  15  feet  high,  having  one  part  of  upright  standing  in 
same  line  as  cross  rail  and  the  other  standing  at  right  angles 
thereto,  both  forming  part  of  common  base  9  feet  scjuare  and 
tied  together  on  inside  near  the  to})  by  a  very  strong  brace.  The 
arm  or  cross  rail,  Fig.  279,  which  has  a  vertical  adjustment  on 
standards,  has  bearings  and  gibs  between  rail  and  housings  of  am- 
ple width  and  length  to  secure  alignment  of  the  same.  They  also 
have  a  large  bracket  at  the  back  which  sildes  upon  l)ack  colunm 
of  standard  and  a  clamping  devico  at  end  of  rail,  which  passes 
across  the  face  of  housing,  both  of  which  when  secured  serve  t<j 
prevent  springing  of  the  rail  during  ojujration.  Additional  su])- 
|)ort  is  given  to  rails  where  they  join  at  the  centre,  by  means  of 
a  stationary  stand  an<l  bracket  extending  out  to  and  against  tlie 
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rail,  as  shown  in  plan  of  mill,  these  rails  being  of  sufficient 
length  to  enable  a  minimum  diameter  of  12  inches  and  a  maxi- 
mum diameter  of  28  feet  being  bored  and  turned  without  moving 
the  housings. 

14.  The  design  of  cross  rail  is  peculiar  in  construction  in  hav- 
ing the  lower  face  project  3^  inches  beyond  the  upper  part;  this 
lower  is  12  inches  wide  vertically  and  fomis  the  main  horizontal 
guide  for  saddle,  one  advantage  being  a  double  bearing  to  sus- 
tain the  weight,  the  principal  object  being,  however,  greater 


Fig.  279. 


accuracy  and  less  liability  for  the  saddle  to  oscillate,  owing  to 
the  proportions  of  length  to  width  of  bearing,  which  is  12  x  42 
inches.  The  usual  proportions  of  large  boring  mill  saddles 
being  about  square.  We  still  retain  the  great  width  of  rail  to 
counteract  the  tool  action. 

15.  Movement  or  feed  of  saddles  along  the  rail  is  made  by 
means  of  hydraulic  mechanism,  the  piston  and  rod  being  station- 
ary and  attached  to  bracket  on  outer  end  of  rail.  The  cylinder 
is  allowed  to  float,  carrying  on  inner  end  a  pair  of  gears  propor- 
tioned two  to  one,  which  engages  in  two  racks,  the  up])er  or 
stationary  rack  meshing  with  small  gear,  and  the  lower  racks 
attached  to  saddle  and  meshing  with  large  gear;  this  arrange- 
ment gives  a  motion  of  head  equal  to  three  times  that  of  cylin- 
der, pressure  being  admitted  and  discharged  in  the  same  manner 
as  described  in  main  boring  bar. 
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16,  The  boring  bar  in  tool  heads — 32  inches  diameter  by  15 
feet  loTjg — are  lield  in  bearings  on  swivel  jilate,  as  on  standard 
type  of  milL  This  bar  is  bored  out  and  titted  with  a  double- 
acting  piston  and  hollow  piston  rod  and  cross  head  to  which  are 
attached  two  racks  which  serve  as  keys  to  prevent  turning  of 
bar  and  also  for  raising  or  lowering  of  bar  or  tool  heads.  The 
bar  can  be  held  in  position  as  in  standard  mills,  or  can  be  lo^vered 


Fni.  280. 


and  clamped  to  floor  when  turning  a  piece  of  work.     (See  verti- 
cal section  of  boring  mill,  ]pft-hand  bar.) 

17.  The  tool  Iiead  is  also  provided  with  suitable  device  for 
raising  or  lowering  bar  by  hand. 

The  tool  head  on  bar  consists  of  a  cross-slide  and  swivel  attach- 
ment, capable  of  being  revolved  around  the  bar  by  means  of 
worm  and  wheels  and  moved  vertically  along  the  bar  by  means 
of  the  two  racks  above  mentioned. 

18.  The  housings  are  supported  by  the  stationary  table  and 
floor  plates  extending  from  the  table  to  a  diameter  of  05  feet, 
being  free  to  travel  from  a  position  close  to  table  to  outside 
diameter  of  plates,  in  which  position  tliey  are  capable  of  boring 
or  turning  work  of  a  maximum  diameter  of  60  feet. 

Housing- rails,  etc.,  weighing  155,580  pounds. 
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19.  The  power  for  drivinfj^  this  mill  is  obtained  from  a  50 
horse-power  variable  sjxHid  motor.  This  motor  has  a  range  of 
speeds  of  from  128  to  512  revolutions  per  minute  inclusive,  power 
being  transmitted  from  pinion  on  armature  sliaft  through  train 
of  gears  to  main  driving  shaft;  Fig.  2S0,  upon  main  driving  shaft 
is  bevel  pinion  which  meshes  into  two  bevel  gears  on  two  shafts 
place<l  diagonally,  upon  other  end  of  which  are  two  bevel  pinions 
meshing  in  two  large  bevel  gears,  mounted  upon  vertical  shafts, 
upon  whicli  are  the  two  junions  for  driving  tiibk^  gear.  Motor  is 
controlled  by  means  of  a  portable  controller,  which  can  be  carried 
to  any  ])oint  about  the  mill  convenient  for  tlie  operator.  Fig. 
281  shows  the  machine  apjJied  to  boring  a  lield  ring  34  feet  in 
diameter. 

Net  total  weight  of  boring  mill  complete  is  885,020  |x>unds. 
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No.  1001.* 

THE  MACHINE  SHOP  PROBLEM.^ 

BY  CHAALES  DAY,  NICETOWN,  PHILADELPHIA. 

(Janior  Member  of  the  Society.) 

L  It  has  been  our  good  fortune  to  have  had  the  opportunity  to 
familiarize  ourselves  with  Mr.  Fred  W.  Taylor's  work  in  shop 
management,  as  well  as  the  paper  Avhich  he  has  prepared  for 
this  meeting.  Being  heartily  in  sympathy  with  his  methods, 
at  the  present  time  being  engaged  in  the  introduction  of  his 
system  for  one  of  our  clients,  it  will  hardly  be  necessary  to  state 
that  man}'^  of  the  factors  considered  below  are  original  with  him. 

It  is  not  the  intention,  however,  of  this  paper  to  either  discuss 
or  outline  the  Taylor  System,  but  rather  to  point  out  a  few  facts 
which  have  been  forcibly  impressed  upon  us  when  in  charge  of 
the  equipment  and  management  of  manufacturing  establishments. 
Foremost  among  these  we  would  mention  the  absence  of  a  uni- 
form development  of  the  various  departments  of  which  they  are 
composed. 

2.  Starting  with  the  broadest  possible  subdivision  of  a  business, 
we  usually  find  a  marked  contrast  in  the  general  efficiency  of  the 
departments;  the  management,  as  a  rule,  directing  the  greater 
part  of  their  time  and  energy  to  the  development  of  lines  for 
which  they  have  a  particular  taste,  according  as  they  may  have 
been  influenced  by  their  past  opportunity  and  experience.     This 

♦  Presented  at  the  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXIV.,  of  the  Trans- 
actions. 

t  For  further  discussion  on  this  topic  consult  Tramactions  as  follows  : 
No.  341,  vol.  X.,  p.  600  :  "  Gains  Sliaring."     II.  R.  Towne. 
No.  449,  vol.  xii.,  p.  755  :  "  Premium  Plan."     F.  A.  Ilalsey. 
No.  647,  vol.  xvi.,  p.  856  :  **  Piece  Ratt^  System."     F.  W.  Taylor. 
No.  009,  vol.  xvii.,  p.  1010 :  "  Drawing  Room  and  Shop  System."     F.  ().  Rail. 
No.  928,  vol.  xxi'i.,  p.  341  :  "  Bonus  System  for  Rewarding  Lahor."    11.  L.  Gautt. 
No.  965,  vol.  xxiv.,  p.  250  :    "  (iift  Proposition  for  Paying  Workmen."     Frank 
Richards. 
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state  of  affairs  is  as  clearly  exemplified  wlien  planning  th©  equip- 
ment and  organization  of  a  new  plant  as  the  maintenance  and 
development  of  an  old  one. 

The  buildings,  which  should  be  secondary  to  the  equipment,  are 
commonly  designed  and  erected  without  proper  consideration  of 
the  work  in  view,  limitations  being  imposed  by  this  work  render- 
ing the  use  of  the  proper  methods  and  apparatus  of  but  small 
value.  The  shop  architect  cannot  lay  out,  to  advantage,  buildings 
for  a  given  plant  unless  conversant  with  the  character  of  the 
work.  The  location  of  the  machines,  the  system  of  power  trans- 
mission and  innumerable  other  details  materially  affect  the  de- 
sign of  buildings.  Notwithstanding  these  almost  self-evident 
facts,  manufacturers  continue  to  design  and  erect  their  buildings 
independently  of  the  equipment  or  the  ^vork  in  view.  So  much 
can  be  effected  by  a  proper  consideration  of  all  details  in  connec- 
tion with  the  plant  before  proceeding  with  any  work,  that  we 
will  take  this  problem  up  more  fully  later  on. 

Equally  one-sided  conditions  are  encountered  in  the  establish- 
ment that  is  in  operation,  a  most  efficient  sales  department  exist- 
ing alongside  a  shop  where  economic  production  is  out  of  the 
question ;  and  so  examples  could  be  cited  indefinitely. 

A  further  analysis  of  any  one  department  usually  reveals  the  same 
state  of  affairs,  a  lack  of  coordination  and  thoroughness  being 
exemplified.  The  success  of  one  plant,  as  compared  with  another 
engaged  in  the  same  line  of  work,  depends  upon  the  balance  of  the 
efficient  and  inefficient  departments,  and  just  as  Mr.  Taylor  has 
pointed  out  that  a  machine  shop  foreman  possessing  all  the  qual- 
ities required  by  that  position  can  but  rarely  be  obtained,  so  the 
m.ajority  of  establishments  excel  in  but  a  few  of  the  branches  of 
which  their  business  is  composed. 

Needless  to  say  there  is  seldom  any  premeditated  desire  to 
develop  one  side  of  a  business  at  the  sacrifice  of  the  other,  lack  of 
appreciation  of  the  relative  importance  of  the  different  factors 
beino:  the  chief  reason  for  error  in  this  direction.  To  be  success- 
ful  in  this  work  requires  a  I'are  combinaticm  of  the  ability  to  stand 
off  and  "  size  up  "  the  problem  as  a  whole,  followed  by  a  concen- 
tration of  energy  on  the  details  which  alone  can  culminate  in  the 
anticipated  results. 

3.  It  is  for  this  reason  that  an  engineer  making  a  study  of  this 
work  caa  frequently  detect  the  weak  points  of  a  manufacturing 
plant,  the  system  of  fundamental  analysis  being  more  powerful  in 
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the  hands  of  one  who  has  not  been  in  close  association  with  the 
work.  We  think  the  condition  of  aflfairs  can  hardly  be  illustrated 
better  than  by  quoting  from  an  editorial  in  one  of  our  technical 
papers  of  about  a  year  ago,  which  stated  that  "many  engineers 
suffer  from  using  lenses  of  too  high  power  and  too  narrow  a 
field;  in  such  matters  the  telescope  is  sometimes  of  as  much 
value  as  the  microscope.  It  often  pays  better  to  learn  what 
others  are  doing  than  to  know  with  unnecessary  particularity 
what  one  is  doing  one's  self." 

While  no  two  establishments  are  alike  in  detail,  the  same  course 
of  study  should  be  pursued  in  every  instance.  A  comprehensible 
understanding  of  any  problem  can  only  result  after  a  most  ex- 
haustive study  of  the  smallest  details  into  which  it  can  be  sub- 
divided, such  investigation,  if  properly  carried  out,  invariably 
resulting  in  an  insight  that  is  truly  astonishing. 

4.  We  have  found  that  the  graphical  presentation  of  complex 
problems  facilitates  greatly  a  study  of  their  various  elements,  this 
scheme  being  resorted  to  by  us  in  many  lines  of  work.  While  in 
many  cases  only  "relations"  can  be  expressed  in  this  way,  the 
mind  can  grasp  the  problem,  as  a  whole,  so  much  more  quickly, 
the  system  is  invaluable. 

While  we  intend  to  devote  this  paper  to  the  machine  shop  in 
particular,  a  general  subdivision-  of  the  departments  of  a  given 
establishment  is  given  below  (Fig.  282),  showing  the  position  oc- 
cupied by  the  machine  shop  in  the  general  scheme. 

5.  No  one  man  would  attempt  to  have  sole  charge  of  all  the 
detail  work  in  all  of  the  departments  enumerated,  the  subdivision 
(;f  a  business  among  a  number  of  heads  being  a  natural  course  to 
follow.  At  the  same  time  some  means  must  be  provided  for 
bringing  all  the  departments  in  touch  with  each  other  in  such  a 
way  that  they  will  cooperate  and  direct  all  their  efforts  to  a 
common  end  with  the  least  expenditure  of  energy.  A  lack  of 
C()()peration,  in  the  full  sense  of  the  word,  between  the  principal 
subdivisions  of  a  business,  results  in  an  enormous  expenditure  of 
useless  energy  and  money  in  the  majority  of  manufacturing 
establishments.  All  that  may  be  said  in  this  connection,  when 
considering  the  most  general  subdivisions  of  a  business,  is  equally 
ti'iie  when  discussing  the  relations  of  the  subdivisions  of  elements 
of  each  department. 

Antagonism  betw^een  the  sales  and  engineering  departments 
jirevents  the  latter  from  embodying  changes  qr  alterations  in  their 
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apparatus  which  might  make  it  much  more  efficient  and  suitable 
for  the  conditions  which  it  is  to  meet. 

The  Drafting  Eoom,  through  their  ignorance  of  the  shop 
equipment,  constantly  design  apparatus  which  can  only  be 
machined  at  great  expense.  The  Pattern  Shop,  for  the  same 
reason,  could  frequently  greatly  simplify  the  work  in  the  shop  by 
helpful  construction  of  patterns  which  would  facilitate  handling, 
centering,  etc.,  and  so  examples  could  be  cited  indefinitely  illus- 
trating the  point  made  above. 

6.  When  a  shop  is  in  operation  these  conditions  can  be  met  to  the 
best  advantage  by  periodic  meetings  between  the  heads  of  the 
various  departments,  where  every  man  has  full  privilege  to  the 
floor  and  every  question  which  is  raised  is  definitely  decided  and, 
if  approved,  put  in  force  immediately.  In  this  way,  every  ques- 
tion, even  of  the  most  trivial  character,  is  brought  before  a 
number  of  men  and  its  value  quickly  determined.  Nothing  is 
more  discouraging  to  an  enthusiastic  worker  than  to  have  schemes, 
which  he  has  formulated  after  much  thought  and  experiment, 
passed  upon  as  good  but  not  put  into  operation,  the  man  who  has 
the  power  postponing  it  indefinitely  on  account  of  other  work 
which  he  may  have  in  view. 

7.  Conditions  are,  of  course,  very  different  in  different  establish- 
ments. In  the  "  tonnage  "  plant  one  man  may  be  able  to  take  care 
of  all  the  work,  carrying  in  his  mind  the  entire  scheme  and,  if  he 
has  exceptional  ability  in  this  particular  field,  efficient  results  are 
likely  to  follow.  When  the  work  is  complex  in  character,  how- 
ever, it  must  be  subdivided  among  a  number  of  men,  it  being 
ever  borne  in  mind  that  the  first  essential  to  success  is  thorough 
cooperation  between  the  various  departments. 

8.  Devoting  our  attention  to  the  Production  Department,  we  still 
find  the  subject  too  complex  to  consider  intelligently  without  a 
chart  giving  a  further  division  of  the  various  factors.  The  chart 
shown  in  Fig.  283  subdivides  the  Production  Department  into  the 
buildings,  equipment,  etc.,  each  of  these  details  being  further  an- 
alyzed. The  absurdity  of  spending  a  large  amount  of  time  and 
energy  on  any  one  of  these  details,  without  consideration  of  the 
others,  is  self-evident  when  presented  in  this  way. 

9.  Reference  was  made  to  the  importance  of  proper  build- 
ings in  connection  with  manufacturing  plants,  and,  for  some 
lines  of  work,  maximum  efficiency  can  only  follow  when  they 
have  been  designed  for  the  work  in  view,  the  question  being  one 
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of  shop  requirements  and  not  architecture  as  ordinarily  under- 
stood. 

Probably  nothing  has  increased  the  possibilities  of  the  machine 
shop  to  a  greater  degree  than  the  power  crane,  and  although  the 
designer  of  the  building  is  always  informed,  in  a  general  way,  as 
to  the  crane  service  that  will  be  required,  this  detail  is  not 
usually  given  nearly  suflBcient  consideration.  To  properly  cover 
the  floor  space  with  power  cranes,  jib  cranes,  etc.,  requires 
a  most  careful  study  of  the  location  of  various  machines,  which, 
in  turn,  necessitates  a  thorough  understanding  of  the  work  in 
view. 

Old  systems  of  management,  as  a  rule,  take  no  adequate  account 
of  the  progress  of  the  various  pieces  of  work  through  the  shop, 
but  when  operations  are  analyzed  and  prescribed,  as  by  the  Taylor 
System,  the  route  of  each  piece  must  be  carefully  planned. 

The  customary  scheme  of  allotting  separate  sections  of  the 
side  bays  of  a  shop  to  different  classes  of  work,  such  as  Lathe 
Department,  Drill  Press  Department,  Grinding  Department,  etc., 
and  allowing  sufficient  additional  space  to  take  care  of  the  growth 
of  these  departments,  can  hardly  be  termed  good  practice. 
Money  is  tied  up  for  a  number  of  years,  which  yields  no  return  ; 
and  when  the  space  is  ultimately  occupied,  further  extensions 
usually  result  in  a  most  inefficient  arrangement  of  tools. 

The  designs  of  a  number  of  the  largest  shops  which  have  been 
eroded  during  the  past  few  years  consist  in  erecting  shops  with 
perpendicular  wings,  where  the  detail  work  is  done.  "Wo  have 
but  one  plant  in  mind  where  this  scheme  has  been  carried  still 
further,  each  department  being  contained  in  a  wing  building, 
which  may  be  extended  as  the  work  demands. 

The  scheme  of  power  transmission  adopted  will  Influence 
quite  appreciably  the  design  of  buildings,  the  advantage  of  using 
motors  on  individual  machines  being  frequently  justified  by  the 
reduced  first  cost  of  buildings  alone. 

10.  The  lighting  of  the  machine-shop  or  foundry  to  a  marked 
extent  influences  the  efficiency  of  the  men,  and  the  importance  of 
this  fact  is  generally  appreciated  at  this  time.  It  is  practically 
impossible  to  obtain  too  much  light,  provided  the  direct  rays  of 
the  sun  do  not  fall  on  the  work.  As  large  establishments  usually 
run  night  and  day,  a  liberal  amount  of  artificial  light  is  also 
necessary  if  the  different  shifts  are  to  turn  out  equal  amounts  of 
work.    Shops  that  are  illuminated  in  a  general  way  by  arc  lamps 
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(as  well  as  iDcandescent  lights  for  detail  work)  seldom  complain 
of  the  inefficiency  of  the  night  shift. 

11.  We  have  pointed  out  a  few  of  the  details  which  should 
be  borne  in  mind  when  planning  a  new  building  for  a  given  kind 
of  work.  We  may  appear  to  dwell  at  unnecessary  length  upon 
details  which  are  self-evident,  but  we  have  so  frequently  been 
called  upon  for  advice,  after  limitations  had  already  been  imposed 
by  the  work  which  had  been  completed,  rendering  the  use  of 
various  tyi)es  of  desirable  apparatus  practically  impossible,  that 
we  do  not  hesitate  to  dwell  upon  it  here. 

12.  The  machine-tool  equipment  must  receive  the  closest  study 
of  one  familiar  with  the  latest  types  of  apparatus,  rapid  progres- 
sion in  its  development  handicapping  greatly  shops  which  were 
equipped  but  a  few  years  ago. 

13.  Reviewing,  briefly,  past  conditions  in  the  majority  of  shops 
— and  in  fact  many  of  to-day — we  cannot  fail  to  be  impressed  by 
the  slipshod  methods  in  use  on  all  hands.  Purchase  of  equip- 
ment was  left  almost  invariably  to  a  purcliasing  agent  who  was 
in  no  way  convei'sant  with  the  requirements  of  machines  to  be 
bought,  price  being  his  only  means  of  comparison.  The  fact  that 
such  a  condition  of  affairs  was  allow^ed  to  exist  was  sufficient 
proof  that  those  in  charge  of  the  shop  were  scarcely  more  capa- 
ble to  judge  of  the  earning  power  of  the  apparatus  tlinn  lio. 

Some  of  the  largest  shops  used  a  cheap  grade  of  carbon  steel 
for  cutting  tools,  instead  of  the  "air-hardening"  variety  which 
would  permit  of  double  the  cutting  speed,  the  reduced  first  cost 
being  their  reason  for  this  policy.  In  such  a  plant  five  thousand 
dollars  (S5,000)  invested  in  tool  steel  might  readily  (Ah\'t  a  saving 
on  the  labor  bill  of  fifteen  thousand  dollars  (^15.000)  annually. 
Such  an  illustration  exemplifies  forcibly  the  absence  of  scientific 
thought  and  investigation  existing  but  a  few  yeaiN  since. 

14.  The  "type  of  equipment"  will  depend  upon  the  character 
of  the  work,  and,  as  the  province  of  the  machine  shoj)  is  radically 
different  for  various  lines  of  work,  there  are  no  hard-and-fast  rules 
which  may  be  followed.  The  thiv<»  (^\amph»s  given  below  will 
illustrate  this  point : 

(1)  In  a  rolling  mill  plant,  for  example,  the  repair-shop  equip- 
ment is  only  used  in  case  of  break-downs,  and  in  a  number  of 
instances  we  can  reciill  special  machines  which  have  been  pur- 
chased for  repairing  single*  <lctails  of  the  equipment  and  which 
have  been  usal  but  a  few  days  in  several  years.     This  illustrates 
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an  extreme  case,  where  it  is  necessary  to  carry  a  heavy  invest- 
ment in  order  to  be  prepared  for  break-clowns.  The  equipment  or 
management  of  such  a  shop  would  not  influence  greatly  the  cost 
of  the  product ;  consequently,  when  purchasing  machines  to  meet 
these  conditions,  the  consideration  of  many  of  the  details  which 
would  prove  most  eflBcient,  were  the  tools  to  operate  at  all  times, 
would  not  be  desirable. 

(2)  The  work  in  a  locomotive  shop  consists  largely  in  over- 
hauling engines  at  periodic  intervals,  so  that,  under  normal  con- 
ditions, these  shops  should  operate  at  their  full  capacity.  Special 
machinery  can  be  used  for  a  great  deal  of  this  work.  In  this 
instance  the  shop  is  a  much  more  important  factor  in  the  general 
scheme,  the  periodic  repair  of  the  rolling  stock  being  a  first 
essential  in  railroad  work.  Economic  production  in  this  field 
results  when  the  locomotives  and  cars  are  detained  in  the  shop 
the  least  possible  time,  the  actual  saving  in  machinists'  wages 
being  a  small  item  as  compared  with  the  earning  power  of  the 
rolling  stock. 

(3)  On  the  other  hand,  the  equipment  and  management  of  a 
machine  shop  doing  purely  manufacturing  work  are  vital  factors 
of  the  organization,  a  slight  reduction  in  labor  cost  frequently 
resulting  in  an  enormous  increase  in  business.  This  is  particu- 
larly true  of  concerns  manufacturing  duplicate  articles  in  large 
quantities,  where  price  materially  effects  the  quantity  of  goods 
sold.  High  efficiency  usually  accompanies  duplication,  but  the 
only  Avay  that  a  low  first  cost  may  be  attained,  when  doing  work 
which  varies  in  character,  is  by  dictating  to  the  workmen  the 
methods  of  machining  as  described  in  connection  with  the  Taylor 
System  of  Management. 

15.  It  matters  little  whether  we  turn  our  attention  to  the  equip- 
ment or  management.  The  same  conditions  are  met,  and  such 
statements  as  would  indicate  that  superior  management  of  an 
organization  offsets  an  inefficient  equipment  should  be  accepted 
reservedly.  They  are  so  closely  related  that  a  thorough  under- 
standing of  one  is  not  possible  without  knowledge  of  the  other. 

AVhy  has  shop  equipment  advanced  so  slowly  aud  why  so  much 
doubt  as  to  the  merit  of  recent  discoveries,  such  as  the  high-speed 
tool  steel  and  the  motor  drive  ?  Simply  because  shop  management 
— the  vital  force  behind  the  machine — has  been  unable  to  keep 
pace  with  the  development  of  the  apparatus,  the  lack  of  it  con- 
stantly acting  as  a  drag  on  pioneering  work  in  this  direction. 
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Do  any  of  the  welUcnown  schemes  of  management,  as  onlinarily 
interpreted,  with  the  exception  of  the  Taylor  System,  involve  any 
understanding  as  to  the  fundamental  principles  underlying  the 
art  of  machining  i  Individual  concerns  that  have  developed 
machines  possessing  many  refinements  over  those  made  by  com- 
petitors, have  found  but  small  incentive  to  market  such  tools, 
prospective  purchasei*s  having  neither  the  knowledge  to  appreciate 
or  take  advantage  of  their  possibilities  in  the  shop. 

16.  The  efficiency  of  machine-shop  equipment  should  be  judged 
only  from  its  ability  to  produce  the  desired  result  at  a  minimum 
cost,  and  this,  in  turn,  is  governed  as  much  by  the  information  at 
the  disposal  of  the  o[jerators  as  the  machines  themselves.  In  an 
extreme  case,  such  as  a  full  automatic  screw  machine,  we  might 
suppose  that  the  ability  of  the  designer  would  assure  the  success 
i)f  the  tool ;  but  even  in  this  case  innumerable  details  arise,  such 
as  the  grinding  and  setting  of  cutterSj  the  deUvery  of  stock  to  and 
from  the  machine,  etc.,  which  may  or  may  not  be  efficiently 
taken  care  of  by  the  purchaser. 

Turning  to  the  other  exti^me — an  engine  lathe  doing  a  general 
.class  of  work — we  find  the  workman  confronted  by  innumerable 
problems  governing  economical  production,  which  he  (and  in 
many  cases  his  superiors)  fails  to  recognize.  For  examplep  the 
proper  cutting  speeds  for  different  materials  and  different  cuts; 
the  relative  advantage  of  a  heavy  cut  and  slow  sjieed,  or  a  light 
cnt  and  fast  speed ;  and  the  capabilities  of  the  machine.  These 
are  but  a  few  of  the  details.  Such  information  can  only  he  ob- 
tained from  experimenUil  work  carried  on  along  scientific  hnes; 
and  as  long  as  schemes  of  management  take  no  cognizance  of  this 
data,  the  introduction  of  modern  tool  steels,  the  motor  thrive,  etc,, 
will  necessarily  be  slow;  consequently,  we  cannot  discuss  the 
merits  of  various  types  of  apparatus,  unless  conversant  with  the 
problems  of  organization  and  management  The  absence  of  this 
knowledge  leads  many  engineers  to  most  erroneous  conclusions* 

17.  At  a  recent  meeting  of  the  Philadelphia  Engineers'  Club, 
Admiral  Melville  pointed  out  forcibly  the  great  need  of  experi- 
mental research  in  all  lines  of  engineering.  He  cited  the  labora- 
t<>t;v  which  the  German  Government  have  instituted  at  Charlotten- 
burg  and  said  that  the  data  coUecteil  from  experiments  conducted 
here  unquestionably  accounted  for  Germany's  undisputed  position 
as  the  foremost  designer  and  builder  of  battle-ships  and  **  ocean 
greyhounds/' 
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In  certain  directions  a  great  deal  of  information  has  been  ob- 
tained and  tabulated,  without  which  the  present-day  engineer 
would  make  but  slow  progress.  Since  the  exhaustive  experiments 
on  tensile  strength  of  steel  and  wrought  iron,  by  David  Kirkaldy 
in  1858,  the  most  exact  data  has  been  accumulated,  so  that  a 
structural  building  or  bridge,  for  example,  can  be  designed  for 
given  conditions  with  an  accuracy  inconceivable  a  few  years  ago. 

18.  Is  the  machine  tool  designed  with  this  accuracy,  or  have 
the  builders  of  such  apparatus  any  truly  intelligent  ideas  as  to  its 
capabilities?  In  the  large  majority  of  cases,  No !  When  we  look 
back  and  see  the  rich  results  invariably  following  careful  investi- 
gation  and  research,  it  seems  strange,  indeed,  that  so  few  manu- 
facturers are  alive  to  their  value. 

A  better  example  of  the  above  principles  could  not  be  cited 
than  the  development  of  tool  steel — the  starting-point  for  all 
investigation  relative  to  the  machine  shop. 

19.  The  work  of  Benjamin  Huntsman,  over  160  years  ago,  who 
labored  for  years  before  producing  a  high  grade  of  crucible  steel, 
which  at  once  took  the  place  of  steel  made  by  the  "  cementing 
process,"  marked  an  epoch  in  industrial  development.  Hardly 
less  noteworthy  is  the  work  of  Heath  and  Mushet  who,  by  the 
addition  of  manganese  and  tungsten,  produced  an  "  air-harden- 
ing" steel,  which  held  its  own  until  the  discovery  of  the  Taylor- 
White  process  a  few  years  ago. 

It  is  significant  to  recall  that  the  pioneering  work  has  not 
been  done  by  the  manufacturers.  Huntsman  was  a  watchmaker, 
whose  study  of  the  steel  industry  was  prompted  by  the  poor 
character  of  his  clock  springs ;  Mushet,  an  accountant  at  the 
Clyde  Iron  Works  ;  Taylor  and  White,  engineer  and  metal- 
lurgist, respectively,  in  no  way  associated  with  the  manufacture 
of  tool  steel,  but  intent  on  obtaining  a  cutting-tool  of  uniformity 
and  high  efficiency. 

20.  The  best  efforts  of  the  engineer  can  only  be  called  forth 
by  a  thorough  realization  of  the  need  and  utility  of  certain  im- 
provements. It  is  unfortunate  that  the  manufacturer,  in  many 
instances,  is  not  in  close  enough  touch  with  the  conditions  he  is 
endeavoring  to  meet  to  attain  the  best  result.  Many  of  the  build- 
ers of  electrical  apparatus  suffer  from  this  cause,  designing  and 
manufacturing  equipment  for  machine-tool  driving  which  may 
be  most  efficient  from  the  standpoint  of  the  electrical  engineer, 
but  utterly  unsuited  to  shop  requirements. 
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21.  In  contrast  to  the  methods  described  above,  we  must  again 
allude  to  the  work  of  Mr.  Taylor  in  the  field  of  shop  equipment 
and  management.  His  system  of  management  consists  primarily 
in  a  Planning  Department  which  collects  the  necessary  informa- 
tion as  to  the  exact  methods  of  doing  the  work  and  imparts  it  to 
the  workmen  through  the  medium  of  a  system  of  Functional 
Foremanship.  This  Planning  Department  bears  the  same  rela- 
tion to  the  shop  that  the  Draughting  Eoom  does  to  the  Engineer- 
ing Department.  This  statement  conveys  no  impression  as  to  the 
vast  amount  of  detail  knowledge  Mr.  Taylor  has  accumulated  and 
which  accounts  largely  for  his  success.  His  methods  have  con- 
stantly aimed  at  uniformity  and  standardization,  the  Taylor- White 
process  being  but  one  of  many  examples  which  could  be  cited  as 
the  result  of  this  work.  Together  with  his  assistants,  he  has  ob- 
tained an  enormous  amount  of  data  relative  to  cutting  metals,which 
is  made  applicable  by  means  of  slide  rules.  The  underlying  prin- 
ciple of  all  his  work — a  high  wage  with  a  low  labor  cost — involves 
the  keenest  appreciation  of  the  labor  problem.  Not  a  single 
detail  of  shop  equipment  can  escape  the  application  of  the  Taylor 
system,  and  it  is  only  in  this  way  that  continued  high  efficiency 
of  operation  can  be  secured. 

22.  Returning  to  the  small-tool  equipment,  a  separate  paper 
could  readily  be  written  on  each  of  the  subdivisions  enumerated 
on  Fig.  283. 

The  small  attention  given  to  the  cut  ting- tool  in  the  vast  ma- 
jority of  shops  is  astonishing  when  we  realize  how  directly  the 
time  of  machining  is  dependent  on  the  character  of  the  steel.  We 
are  all  constantly  hearing  of  phenomenal  cutting-speeds,  etc.,  but 
it  is  the  efficiency  of  the  tools  in  the  tool  racks  that  is  a  gauge  of 
their  value.  If  these  tools  are  not  forged  and  ground  to  standaril 
angles  and  reground  by  a  man  who  realizes  fully  the  care  which 
must  be  exercised  in  this  work,  the  chances  are  that  the  majority  of 
them  will  be  but  scarcely  better  than  the  original  Mushet  steel. 

In  the  majority  of  shops  the  possibilities  of  the  equipment  are 
cut  in  two  by  luck  of  attention  to  the  belting  and  cutting-tools. 
Notwithstanding  the  forcible  wny  Mr.  Taylor  has  frequently 
pointed  out  the  need  of  proper  care  of  belts,  few  shops  give  them 
any  consideration. 

The  "Method  of  Accounting  for  Tools,"  "  Messenger  System" 
and  "  Maintenance  of  Stock  and  Standards "  are  details  which 
can  only  be  considered  in  connection  witli  a  given  plant. 
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23.  When  deciding  upon  the  type  of  machine  desirable,  it  is 
necessary  to  consider  the  question  of  "  power  application,"  but  as 
this,  in  turn,  may  depend  upon  other  considerations — such  as 
transmission,  lighting,  etc — it  is  desirable  to  apply  the  same 
scheme  of  graphical  analysis. 

Fig.  284  indicates  approximately  the  number  of  courses  which 
may  be  open  for  fulfilling  the  conditions  in  view.  Either  coal, 
oil  or  gas  may  be  \ised,  according  to  the  location  and  size  of 
plant,  and  so  the  desirability  of  each  of  the  alternatives  following 
will  be  governed  by  special  conditions. 

24.  Probably  no  subject  has  been  open  to  more  energetic  dis- 
cussion than  that  of  the  motor-driving  of  machine  tools.  The 
mistake  many  authors  have  niade  when  writing  on  this  topic 
is  that  while  their  experience  has  been  in  but  one  line  of  work 
they  apply  their  deductions  to  machine  shops  in  general.  A  sys- 
tem of  driving  which  might  be  most  desirable  for  a  shop  manu- 
facturing a  great  variety  of  articles  would  not,  in  all  probability, 
be  suited  for  a  railroad  repair-shop. 

The  possible  advantages  resulting  from  the  use  of  individual 
motors  and  the  various  types  ot  apparatus  manufactured  for  this 
work  are  graphically  shown  in  Fig.  28.5.  The  names  of  concerns 
who  have  installed  the  different  systems  are  given  to  the  right. 
During  the  past  five  years  a  discussion  of  these  systems  has  re- 
ceived a  great  deal  of  consideration  before  this  and  other  engi- 
neering bodies,  and  we  will  only  say,  in  this  connection,  that  the 
question  is  one  of  shop  requirements  rather  than  electrical  design. 
If  a  plant  covers  a  large  tract  of  land,  and  the  variable-speed 
machines  require  but  a  small  percentage  of  power,  it  miglit  be 
desirable  to  generate  alternating  current  for  ligliting  and  constant- 
speed  motors,  using  a  motor  generator  giving  nuiIti{)le-voltage 
circuits  for  the  variable-speed  tools.  Such  a  plant  would  be  using 
both  alternating  and  direct  current,  while  in  more  condensed 
plants  one  or  the  other  alone  would  have  decided  advantage ;  and 
so  it  is  with  the  numerous  systems  of  motor-driving  upon  the 
market  at  the  present  time.  There  are  conditions  where  eacli 
may  be  especially  suited. 

It  is  not  the  intention  of  this  paj>er  to  consider,  in  detail,  the 
schemes  of  motor-driving.  There  are,  however,  a  few  f^eneral 
conclusions  which  can  be  stated  which  may  prove  of  assistance 
when  considering  the  question  for  a  given  line?  of  work. 

If  a  cutting  tool  is  to  work  to  its  maximum  efliciency,  the  cutting 
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speed  should  be  maintained  constant  for  a  given  depth  of  cut 
and  a  given  feed ;  consequently,  some  means  should  be  provided 
for  accelerating  the  spindle  sjieed  of  a  lathe  when  the  tool  is 
working  from  a  larger  to  a  smaller  diameter,  such  as  facing  cylin- 
der heads,  etc.  A  lathe  of  this  character  may  be  truly  termed  a 
variable-speed  machine.  In  the  average  shop,  however,  there  is 
very  little  opportunity  for  work  of  this  kind,  the  majority  of 
lathe  work  consisting  of  longitudinal  cuts.  If  the  lathe  operates 
on  but  one  class  of  work,  the  proper  spindle  speeds  and  feeds  can 
be  obtained,  which  should  not  be  changed  as  long  as  conditions 
remain  unaltered.  If,  on  the  other  hand,  a  great  variety  of  work 
is  handled  by  a  lathe,  the  tool  will  constantly  work  on  different 
diametei's,  variable  speed  being  equally  as  important  in  this  case 
as  in  the  first  considered,  although  a  uniform  increase,  as  the 
work  proceeds,  would  not  be  required.  Simple  as  this  classifica- 
tion may  seem,  the  electrical  engineer  repeatedly  fails  to  see  that 
a  system  of  motor  driving  that  would  be  applicable  in  one  case 
utterly  fails  in  another. 

Practically  all  machine  shops  have  some  variable-speed  tools, 
and,  here  again,  it  is  the  province  of  the  engineer  to  determine 
the  relative  importance  of  the  various  factors.  A  manufacturer 
Avho  advertises  a  variable-speed  countershaft  or  motor  for 
machine-tool  driving  which  will  give  any  speed,  shows  his  igno- 
rance of  shop  conditions  where  a  relinement  of  this  kind  cannot 
be  used  to  advantage.  In  fact,  after  visiting  practically  all  the 
shops  that  have  installed  multiple-voltage  equipment  offering  the 
possibilities  of  close  speed  regulation  and  ease  of  handling,  we  are 
convinced  that  the  purchasers  are  not  beginning  to  realize  an 
adequate  return  on  the  investment.  A  better  illustration  could  not 
be  found  of  the  interdependence  of  management  and  equipment. 

25.  The  two  principal  types  of  management — military  and  func- 
tional— are  of  course  capable  of  the  same  analysis  and  graphical 
presentation  as  illustrated  above. 

Fiir.  2S6  is  included  as  showing]:  a  further  subdivision  of  the 
departments  of  Fig.  282. 

26.  While  all  the  charts  given  above  are  only  of  value  in  so  far 
as  they  present  to  the  mind  a  picture  which  can  be  readily  com- 
prehended, we  can,  at  limes,  grai)hically  distribute  costs,  etc., 
showing  the  cost  value  of  the  dill^M'ont  operations.  Surli  a  chart 
is  illustrated  in  Fig.  2S7,  and  indicates  in  what  directicm  econo- 
mies are  most  likelv  to  bo  effective. 
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27.  In  conclusion,  let  us  again  state  that  a  comprehensive 
understanding  of  any  problem  can  only  result  after  an  exhaustive 
study  of  the  smallest  details  into  which  it  can  be  subdivided. 
The  success  of  modem  methods  in  the  accounting,  as  well  as  the 
productive  departments  depends  on  this. 

The  balance  of  accounts  of  the  yearly  business  will  unquestion- 
ably reveal  the  profit  or  loss,  but  gives  no  idea  as  to  how  to  bet- 
ter conditions.  A  system  of  cost  keeping — which  gives  the  total 
cost  of  the  different  articles  manufactured — may  aid  greatly  in  es- 
timating, but  will  prove  of  small  value  as  a  check  on  efficient  pro- 
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duction.  A  system  of  cost  keeping  should  not  only  give  the 
present  cost,  but  indicate  how  this  figure  may  be  lowered.  To 
accomplish  this  end,  each  operation  must  be  studied  and  recorded 
and  each  pound  of  material  checked.  The  system  must  be  alive 
and  full  of  energy,  as  mere  form  is  nothing. 

28.  It  must  not  be  overlooked  that  shops  that  wish  to  be  pio- 
neers must  do  consideriible  experimental  work,  which,  in  turn,  will 
result  in  the  colleclion  of  facts  aiul  data  to  be  at  the  disposal  of 
those  who  are  anxious  to  follow,  the  expense  incurred  being 
trivial  compared  with  the  a(lvanta<i:es  resultiug  therefrom.  As 
we  stated,  however,  the  concerns  that  realize  to-day  the  advan- 
tages to  be  derived  from  such  management  and  organization  will 
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be  benefited  and  will  also  reap  reward  in  the  next  industrial  de- 
pression. There  is  no  standard  that  is  attainable.  Shops  that 
lag  behind,  in  order  to  make  sure  that  each  move  is  thoroughly 
justified,  will  arrive  at  the  position  occupied  to-day  by  the  pio- 
neers only  to  find  that  the  latter  have  grasped  new  principles  and 
still  lead  in  economic  production. 

DISCUSSION 

Mr,  F.  W.  Taylor, — I  would  call  particular  attention  to  the 
graphic  method  which  Mr.  Day  has  adopted  of  making  clear  an 
exceedingly  complicated  problem.  In  my  opinion  it  would  require 
pages  of  writing  to  describe  what  he  has  very  simply  expressed 
by  means  of  diagrams. 

Mr.  Wm,  Kent, — I  agree  with  what  Mr  Taylor  has  just  said. 
I  have  had  opportunity  to  investigate  Mr.  Day's  work,  and  I  can 
say  that  it  is  worth  the  attention  of  every  member  of  our  pro- 
fession. I  also  would  concur  in  what  Mr.  Taylor  said  about  the 
fate  which  befell  liis  paper  some  eight  years  ago,  and  would 
express  my  belief  that  the  paper  he  has  brought  before  the  Society 
now  will  not  be  appreciated  to-day  as  much  as  it  deserves,  and 
iioither  will  Mr.  Day's  paper  receive  the  attention  it  deserves, 
and  this  is  true  because  the  members  of  this  Society  are  too  busy 
to  read  all  the  papers  that  come  before  them,  liesides  it  is  becom- 
ing the  custom  to  specialize,  and  businc^ss  men  call  in  specialists 
like  ilr.  Taylor,  Mr.  Day  and  1h\  (lantt  to  do  such  work  for 
them,  and  those  who  do  call  in  such  ex])erts  are  the  men  who  in 
the  future  will  achieve  the  greatest  success. 

J//'.  Gantt, — The  i)roblem  Mr.  Day  has  run  up  against,  that 
exceedingly  efficient  e(iuipnient  is  of  little  value  unless  you  have 
efficient  management,  is  true;  and  1  might  add  that  an  exceed- 
ingly efficient  eciuipnient  ])laced  in  an  unsatisfactory  building  is 
also  a  v(M'v  serious  mistake.  The  absolute  necessity  of  haviug 
your  building  suit  the  eciuipment  and  the  management  is  equally 
important  with  having  projx'r  e(|ui])nient  of  electrical  drives  and 
high  pow(M'  nia(*liinery. 

Mr.  John  Calder, — Keferring  to  ifr.  Day's  graphical  method  of 
illustratin<;  eertaiu  routine  in  res])eet  to  manufacturing  in  the  shop, 
1  will  say  f  lliink  that  is  one  of  tlie  most  useful  methods  which  a 
manager  can  have  before  him.  It  can  be  earried  out  in  many 
diflfcrent  ways,  so  that  not  only  the  manager  can  from  time  to 
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time  refresh  his  memory  as  to  the  duties  of  the  men  by  graphically 
illustrating  to  them,  but  he  can  also  have  the  reference  there 
before  his  eyes  in  the  event  of  new  men  coming  in,  and  by  means 
of  that  graphic  representation,  can  show  them  how  to  pick  up  their 
work  much  more  quickly  and  put  it  through.  It  also  enables  one 
to  pick  out  bad  meth'ods  and  prevent  work  retrograding.  I  would 
say,  in  conclusion,  that  the  method  Mr.  Day  has  brought  forward 
can  be  used  generally,  broadly,  and  also  in  detail,  with  great  suc- 
cess. I  hand  in  samples  of  charts  which  I  have  drawn  up  and 
use  daily  in  the  practical  work  of  production.     (Fig.  288.) 

Mr.  Charles  Day,'*' — 1  hav<}  endeavored  to  point  out  in  my 
paper  the  importance  of  giving  equal  consideration  to  the  numer- 
ous factors  which  together  make  up  a  complete  manufacturing 
plant. 

Reference  was  made  to  the  need  of  designing  buildings  adapted 
to  the  requirements  of  manufacture,  and  1  wish  to  dwell  on  this 
point  further.  Buildings  are  repeatedly  erected  which  act  as  a 
continual  handicap  on  economic  production,  and  unless  they  are 
designed  by  one  thoroughly  familiar  with  the  contemplated  work, 
equipment,  routing,  future*  developments,  etc.,  this  result  is  sure 
to  follow. 

The  advantages  of  electrical  transmission  and  the  system  of 
motor  driving  best  suited  to  a  given  plant  are  so  interdependent 
with  the  type  of  management  and  the  character  of  output  that 
general  statements  as  to  resulting  economies  are  most  misleading. 

The  principle  of  fundamental  analysis  is  as  applicable  to  the 
study  of  shop  equii)ment  as  shop  management,  and  a  thorough 
study  of  details,  with  a  view  to  their  relation  to  the  problem  as  a 
whole,  is  absolutely  necessary  if  efficient  results  are  desired. 

The  value  of  the  gra])hical  method  of  presenting  complex  prob- 
lems has  l)een  fully  brought  out  in  the  discussion,  the  interesting 
charts  shown  by  Mr.  Calder  illustrating  further  the  advantages  of 
this  scheme. 

♦  Author's  Clobure,  under  the  Rules. 
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i    GRAPHICAL  DAILY  BALANCE  IN  MANUFACTURE. 

BY  H.  L,   GANTT,  BCHENSCtADT,  K.  T. 

(Member  of  the  Society.) 

1.  At  the  December  meeting  in  1901  the  writer  presented  a  paper 
entitled  ''  A  Bonus  System  of  Rewarding  Labor,"  in  which  was 
given  an  account  of  the  results  gotten  under  that  system  at  the 
works  of  the  Bethlehem  Steel  Company,  and  a  description  of  the 
method  employed. 

The  paper  dealt  particularly  with  the  method  of  setting  a  task 
and  with  the  reward  for  its  accomplishment.  It  consisted  briefly 
in  setting  as  a  task  for  a  day's  work  the  amount  that  a  good 
man  could  reasonably  be  expected  to  accomplish,  and  paying  the 
man  a  substantial  amount  in  addition  to  his  day's  wages  if  the 
whole  amount  was  done.  If  less  than  that  amount  was  done  he 
simply  got  his  day's  wages. 

The  result  of  this  system,  when  the  task  was  set  in  an  intelli- 
gent mjinner  and  accompanied  by  a  suitable  compensation,  Avas 
an  efficiency  of  operation  so  far  beyond  that  obtained  by  the 
ordinary  day  or  piece-work  method  that  it  attracted  a  great  deal 
of  attention. 

This  centering  of  the  attention  on  the  result  had,  however,  a 
serious  disadvantage,  for  it  withdrew  the  attention  from  the 
most  inij)ortant  parts  of  the  paper — namely,  that  describing  the 
method  of  setting  the  task,  and  that  referring  to  the  method  of 
oj)orating  the  system  by  which  an  exact  record  was  kept. 

The  method  of  setting  the  task  is  substantially  that  developed 
by  ]\[r.  Fred  W.  Tayior  for  setting  piece-rates,  and  was  described 
at  solium  length.  His  paj)er  before  the  present  meeting  further 
elucidates  that  part. 

The  routine  operation  of  the  system,  which  involves  keeping 

*  Pros('iit<M]  at  tlu'  Saratoga  meeting  (June,  1903)  of  the  American  Society 
of  Mrclianicul  Engineers,  and  forming  part  of  Volume  XXIV.  of  the  Trans- 
actions. 
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to  exact  daily  record  of  the  work  done,  was  not,  however,  so 
clearly  explained,  and  it  is  to  that  subject  that  this  paper  is 
devoted. 

2.  MarCs  Record. — In  order  to  operate  such  a  system  we  must 
not  only  have  an  exact  record  of  what  each  workman  does  every 
day  in  order  to  find  out  whether  he  has  earned  his  bonus  or  not, 
but  must  have  beforehand  an  exact  knowledge  of  the  work  to  be 
done  and  how  it  is  to  be  done.  This  amounts  to  keeping  two 
sets  of  balances:  one,  of  what  each  workman  should  do  and  did 
do;  the  other,  of  the  amount  of  work  to  be  done  and  is  done. 
The  former,  or  man's  record,  is  concerned  with  the  payment  of 
the  bonus,  and  consists  in  an  exact  comparison  of  what  should 
be  done  as  determined  by  our  investigations,  and  what  has  been 
done  as  shown  by  the  daily  reports. 

3.  Daily  Balcmce  of  Work, — The  latter  is  a  balance  of  work  on 
each  order,  and  should  show  at  a  glance  each  day  just  what  has 
been  done  and  what  remains  to  be  done,  in  order  to  enable  us  to 
lay  out  the  work  for  the  next  day  in  the  most  economical  man- 
ner. The  importance  of  such  a  balance  has  been  long  recog- 
nized, but  the  difficulty  of  getting  it  is  such  that  it  has  seldom 
been  attempted.  Many  concerns  get  a  weekly  or  monthly  bal- 
ance; but  in  both  of  these  cases  the  information  is  usually  ob- 
tained too  late  to  prevent  delays  in  work.  Again  the  value  of 
a  balance  is  dependent  largely  upon  its  availability;  in  other 
words,  upon  the  ease  with  which  the  desired  information  can  be 
obtained  from  it.  With  this  idea  in  mind  the  writer  devised 
a  combined  schedule  for  work  and  a  balance  sheet  that  is  largely 
graphical  in  its  nature.  On  it  dates  are  represented  by  posi- 
tions, and  when  work  is  not  done  on  consecutive  days,  there  are 
no  entries  in  consecutive  positions.  This  practice  enables  the 
foreman  or  superintendent  to  see  at  a  glance  what  work  is  going 
along  properly.  Such  schedules  can  be  made  out  for  all  classes 
of  work,  and  a  description  of  one  or  two  will  amply  illustrate 
the  principle. 

4.  A  Foundry  Balance. — Fig.  289  represents  such  a  balance 
sheet  and  schedule  for  a  foundry.  At  the  heads  of  the  various 
vertical  columns  are  the  names  of  the  pieces  to  be  cast,  under  each 
is  its  pattern  number;  then,  in  order,  when  the  pattern  is  due  at 
the  foundry,  when  it  is  received,  the  number  wanted  per  day,  and 
the  total  number  wanted.  Eelow,  each  column  is  divided  into 
two  columns  headed  daily  and  total.     These  are  crossed  by  hori- 
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zontal  lines  representing  consecutive  working  days,  on  each  of 
which  is  entered  in  the  proper  column  the  number  of  pieces 
made  that  day  and  the  total  number  made  to  that  date.  Each 
column  is  crossed  by  two  heavy  horizontal  lines,  the  upper  one 
opposite  the  date  at  which  the  work  should  be  begun,  and  the 
lower  one  opposite  the  date  at  which  the  work  should  be  com- 
pleted. These  lines  are  usually  red,  and  have  been  very  appro- 
priately named  danger  lines.  The  position  of  the  entries  with 
reference  to  these  danger  lines  and  the  amounts  of  those  entries 
show  to  what  extent  the  schedule  is  being  lived  up  to.  K  the 
schedule  is  being  well  followed  the  entries  are  always  in  the 
neighborhood  of  the  red  lines,  or  above  them. 

Fig.  289  represents  a  portion  of  an  actual  order  showing  how  it 
was  filled  in  the  foundry  of  the  Schenectady  works.  If  there  is 
no  graphical  check  on  the  operations  of  the  foundry,  the  work 
that  is  wanted  during  a  certain  week  may  be  spread  over  three 
or  four. 

It  is  an  extremely  difBcult  matter  for  a  foreman  to  get  the 
work  done  exactly  in  the  order  it  is  wanted.  For  instance,  if 
we  are  building  two  locomotives  per  day,  each  retjfuiring  four 
driving  boxes,  it  seems  an  extremely  difficult  thing  for  him  to 
get  every  day,  without  fail,  at  least  eight  driving  boxes.  There 
is  a  constant  tendency  when  he  is  rushed  with  work  to  drop  to 
seven  or  six  with  a  corresponding  decrease  in  output  of  locomo- 
tives. This  tendency  to  give  about  what  is  wanted  rather  than 
exactly  what  is  wanted,  is  the  most  common  obstacle  to  getting 
the  full  output  of  a  plant. 

5.  A  Daily  Balance  as  a  Permanent  Record, — This  balance 
sheet  shows  not  only  how  much  work  Avas  done  eacli  day,  but  is  a 
permanent  record  of  exactly  how  the  order  Avas  filled,  which  can  be 
compared  with  the  record  of  the  previous  and  subsequent  Oixlers. 
This  is  best  illustrated  by  a  study  of  Fig.  289,  which  shows  exactly 
Avhere  failure  to  comply  with  the  schedule  occurred.  The  letter 
P  entered  in  some  of  the  columns  shows  graphically  the  reason 
for  the  ciistings  being  behind.  The  pattern  was  not  received 
until  the  date  indicated.  *  Similar  sheets  might  show  that  it  was 
the  draftsman  and  not  the  jDattern -maker  who  was  to  blame. 

6.  A  Machine  Shop  Balance  and  Routin(j  Sheet. — Fig.  200  is  a 
similar  balance  sheet  for  work  done  in  a  machine  shoj)  on  a  scries 
of  locomotive  frames  and  rails.  The  order  in  which  the  various 
operations  are  to  be  performed  has  been  determined,  and  the 
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consecutivo  coJuiiins  devoted  to  the  operations  in  their  proper 
order.  You  will  note  that  on  this  sheet,  which  is  an  actual  rec- 
ord of  work,  the  consecutive  operations  were  performed  promptly, 
and  that  there  was  no  serious  delay. 

Fig.  291  represents  a  record  of  the  same  work  as  it  would  appear 
if  the  works  were  short  of  frame-drilling  capacity,  and  the  drill- 
ing of  frames  were  not  done  promptly.  If  it  is  impossible  to 
make  up  the  delay  thus  caused  the  output  is  limited  by  it.  Such 
sheets  show  at  a  glance  where  the  delays  occur,  and  indicate 
what  must  have  our  attention  in  order  to  keep  up  the  proper  out- 
put. If  the  delay  is  always  on  the  same  operation  we  know  that 
we  must  either  get  more  output  from  the  macliines  doing  that 
work,  or  get  more  machines.  Lines  representing  when  work 
should  be  begun  and  when  it  should  be  finished  are  used  on  the 
machine  shop  sheets  as  well  as  on  the  foundry  sheet,  bat  have 
been  left  off  to  avoid  confusion. 

7.  A  Graphical  Balance  as  a  History, — A  complete  set  of  such 
sheets  for  all  the  work  being  done  in  a  plant  gives  a  complete 
schedule  and  a  daily  record  of  what  is  being  done,  and  is  oif  the 
greatest  possible  advantage  if  an  attempt  is  to  be  made  to  im- 
l)rove  the  conditions  or  increiise  the  output  of  the  plant.  In 
fact,  if  the  improvement  in  the  operation  of  a  plant  is  to  be 
made  in  a  scientific  manner,  exact  knowledge  of  what  is  taking 
place  each  day  is  absolutely  necessary.  Without  it  money  is 
often  spent  wastefuUy,  and  but  a  small  proportion  of  the  desired 
results  obtained.  In  large  plants  run  witliout  such  a  system  of 
balances  it  is  frequently  impossible  to  tell  just  what  is  holding 
back  the  output,  and  then  tlie  value  of  such  a  balance  is  out  of 
all  proportion  to  the  cost  of  obtaining  it.  l>y  using  the  graphi- 
cal form  its  value  is  very  much  increased,  for  tlici  general  a])pear- 
ance  of  the  sheet  is  sufficient  to  tell  how  closely  tlic^  schedule  is 
being  lived  up  to;  in  other  words,  whether  the  ])lant  is  l>eing 
run  ethtnently  or  not.  Moreover,  such  a  balance  is  a  history  of 
the  way  the  work  went  through  the  sho]>  and  is  readily  coinpar- 
ahle  with  similar  work  done  previously  or  sul>sequently,  thus 
enabling  us  to  form  a  definite  idea  as  to  whether  the  ])lant  is 
being  run  more  or  less  efiiciently.  The  balance  of  work  sheet 
then  gives  us  a  daily  analysis  of  how  the  work  is  j)rogressing, 
and  in  its  graphical  form  is  so  easily  read  that  both  foreman  and 
superintendents  find  it  of  great  value.  Tiie  man's  record  shows 
the  etiiciency  of  each  man,  and  the  two  taken  to/Mher  give  us 
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the  knowledge,  in  the  clearest  way,  of  what  should  be  done  to 
increase  our  output. 

8.  Yalue  of  BdUmce  not  Dependent  upon  Method  of  Compensar- 
tion. — It  is  not  the  intention  of  this  paper  to  discuss  the  making 
of  schedules  for  doing  work,  or  instruction  cards  for  the  work- 
men to  follow,  or  indeed  the  subject  of  compensation  for  work 
done,  for  the  keeping  of  a  daily  balance  of  work  done  and  a 
record  of  the  men  doing  it  are  invaluable,  no  matter  what  the 
method  of  compensation.  In  fact,  the  writer  has  found  the 
man^s  record  when  work  was  done  by  the  day  to  be  of  the  high- 
est value,  for  when  the  men  realize  that  not  only  their  chance 
for  increase  of  wages,  but  that  of  holding  their  positions  depends 
upon  the  amount  and  quality  of  their  work,  they  become  very 
much  more  efficient.  Add  to  this  the  fact  that  efficient  men 
paid  in  proportion  to  their  efficiency  are  invariably  better  satis- 
fied than  less  efficient,  cheaper  men,  and  we  have  an  added 
reason  for  keeping  the  man's  record.  Again  a  workman  easily 
forgets  how  many  days  he  has  been  absent,  and  how  much  poor 
work  he  has  done,  and  an  occasional  glance  at  his  record  often 
does  him  a  great  deal  of  good.  The  writer  first  kept  such  a 
record  in  the  foundry  of  the  Midvale  Steel  Company  thirteen 
years  ago,  and  found  it  so  valuable  that  he  has  always  done  it 
since  when  possible.  Such  record  sheets  are  so  easily  gotten  up 
and  of  so  many  kinds  that  the  writer  has  not  considered  it  nec- 
essary to  illustrate  them. 

9.  T7ie  Graphical  Balance  and  the  Foremam,. — Next  to  the  super- 
intendent the  most  overworked  people  in  the  ordinary  manufac- 
turing plant  are  the  foremen.  Their  duties  may  be  summed  up 
as  follows,  in  the  order  of  their  importance  :  to  get  their  work 
out  on  time;  to  get  it  out  economically;  to  improve  their 
methods.  Add  to  their  primary  duties  a  multitude  of  others 
depending  upon  them,  and  but  little  time  is  left  for  thought,  or 
investigation,  on  which  depends  improvement.  When  they  are 
rushed,  therefore,  improvement  is  naturally  the  first  thing  to 
suffer.  Further  pushing  causes  economy  to  be  sacrificed,  for  the 
work  must  get  out,  and  the  foreman  has  not  time  to  go  over  and 
over  his  orders  to  see  just  what  is  the  most  economical  arrange- 
ment of  liis  work.  Here  is  where  the  graphical  schedule  comes 
to  his  assistance,  for  he  can  see  at  a  glance  just  what  is  behind 
or  what  should  be  done  next.  There  has  been  but  little  diffi- 
culty  in  getting  foremen  to  recognize  the  value  of  such  a  baJ- 
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ance,  and  I  have  yet  to  learn  of  one,  who,  having  gotten  such 
a  sheet  in  full  o|}eration,  was  willing  to  give  it  up, 

10,  Cod  ofKeeprimj  Balances. — The  question  is  frecjuently  asked 
as  to  the  cost  of  keeping  these  records  and  balances.  In  reply 
I  have  to  say  that  if  such  cost  wora  ten  times  what  it  is»  it  would 
cut  no  Jig u re. 

In  day  work  we  buy  a  man's  time,  and  he  frequently  gives 
but  little  else.  Our  store-keeper  checks  exactly  the  niatei'ials 
we  l)uy,  but  nobody  knows  exactly  w^hat  the  day  workman  lias 
done  in  his  ten  hours ;  although  we  know  labor  to  be  the  most 
difficult  commmlity  we  have  to  buy,  we  give  it  the  least  syste- 
matic  study,  and  my  effort  to  get  an  exact  record  of  what  we 
get  for  our  money  is  the  first  step  toward  purchasing  it  in  an 
L intelligent  manuei\  With  regard  to  the  balance  of  work,  I  can 
*  only  say  that  it  is  hard  to  estimate  the  cost  of  lack  of  harmony 
in  a  plant,  and  the  increase  in  efficiency  produced  by  getting 
materials  in  their  proper  onler  rather  than  according  to  the 
judgment  of  tho  various  foremen  is  greater  than  is  usually 
realized. 

The  fact  that,  as  far  as  the  writer's  experience  goes,  the  fore- 
men are  not  only  willing  to  use  those  graphical  sheets,  but  are 
glad  to  ilo  90  in  order  to  make  their  work  harmonize  with  that 
of  other  departments^  is  the  strongest  proof  of  the  value  of  the 
graphical  over  the  other  forms  of  balance. 

The  value  of  a  Ijalance  of  smmt  sort  is  too  well  understood  to 
neeil  discussion,  and  the  only  reason  that  it  has  not  been  adopted 
is  often  the  fancie<l  cost  of  getting  it.  As  a  matter  of  factj  all 
I  have  suggested  can  usually  be  gotten  by  the  ordinary  time  and 
cost  keeping  force  with  but  little  help,  antl  frequently  without 
any.  It  is  so  closely  allied  to  the  time  and  cost  keeping  that 
when  all  are  done  together  by  the  best  nioilern  method,  the 
reiluction  of  labor  in  getting  tlxe  time  and  cost  often  more  than 
offsets  the  increase  due  to  keeping  the  mens'  records  and  the 
balance  of  work.  The  method  referred  to  is  the  time  and  pro- 
duatimi  card  system,  of  which  the  following  is  a  description. 
There  are  conditions  under  which  the  system  to  be  described 
here  may  be  modified;  in  fact,  it  is  not  always  found  possible 
to  introduce  it  exactly  as  described,  which,  however,  is  the  ideal 
method  of  operating  it  and  should  l>e  approximateil  as  nearly  as 
possible.  It  w^as  first  intn>fluced  substantially  in  this  fonn  by  Mr. 
Fred,  W.  Taylor  at  the  works  of  the  Bethlehem  Steel  Company. 

S5 
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11.  Time  and'  Production  Ca/rd  System, — In  its  best  develop- 
ment, a  card  is  assigned  the  day  previous  to  every  man  who  is  ex- 
pected lYi  at  7  A.M.  the  next  day.  Each  of  these  cards  is  stamped 
with  a  rubber  stamp  7  a.m.  and  the  date.  These  cards  are  placed  in 
a  rack,  which  has  a  properly  numbered  space  for  each  man,  who 
takes  it  from  his  own  card  and  no  other. 

Any  men  coming  in  after  7  a.m.  are  not  allowed  access  to  the 
rack,  but  must  get  their  cards  from  the  office,  where  the  cards 
are  marked  properly  by  a  time  stamp  with  the  exact  time  each 
man  comes  in. 

Without  any  delay  each  man  goes  directly  to  the  work  that 
has  been  assigned  to  him,  and  while  his  machine  is  running,  fills 
in  on  the  card  his  name,  his  number,  the  order  number,  the 
machine  number  and  the  kind  of  work  he  is  doing.  At  the  end 
of  the  day  he  enters  on  his  card  the  number  of  pieces  that  have 
been  correctly  finished,  and  the  card  is  signed  by  the  foreman  or 
inspector,  certifying  that  all  of  the  entries  are  correct.  If  there 
have  been  errors  in  the  work  the  foreman  or  inspector  does  not 
sign  the  time  card,  but  makes  out  a  supplementary  card  stating 
the  exact  nature  of  the  errors,  etc.,  and  pins  this  card  to  the 
time  card. 

Fig.  202  represents  a  suitable  form  of  day  work  card  for  use  in 
some  of  tlio  machine  shops  of  tlie  American  Locomotive  Com- 
]>any  in  connection  with  tliis  system. 

At  the  end  of  tlie  day,  or  at  noon  the  men  are  allowed  access 
to  tlie  card  racks  as  soon  as  the  whistle  has  blown,  and  each 
man  deposits  his  card  in  the  proper  pocket,  an  observer  noting 
that  a  man  deposits  one  card  only. 

Men  coming  in  after  noon  get  their  cards  in  the  same  manner 
as  in  tlie  morning;  the  cards  being  previously  stam])ed  with  the 
hour  work  begins,  and  ])lace(l  in  the  rack.  Men  who  do  not  go 
out  at  noon  do  not  need  to  change  their  cards. 

When  the  men  have  gone  out  at  the  end  of  the  day  or  at  noon, 
the  cai'ds  in  the  rack  are  stamped  by  means  of  a  rubber  stamp 
with  the  time  the  work  ends. 

The  preferable  form  of  card  is  a  square  one  on  paper  stout 
enough  to  be  shuffled.  In  the  upper  right-hand  corner  of  the 
cai'd  should  be  ])laced  the  man's  number,  the  order  number  and 
the  macliinc^  number. 

As  there  is  room  for  one  ordi^r  number  and  one  machine  num- 
ber only  on  one  card,  the  workman  must  give  in  his  card  at  the 
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office  and  get  a  new  one  whenever  he  goes  either  on  a  new  order 
or  another  machine. 

12.  Time  and  Mail's  Record, — In  order  to  get  a  record  of  the 
man's  time  and  work  for  the  day,  all  tlie  cards  bearing  his  num- 
ber must  be  gotten  together.  If  these  do  not  give  a  total  of  the 
fuU  number  of  working  hours,  tlie  first  card  of  the  day  must 


IMUKD 
RKTURNKD, 


M  ACHIN  E 
SHOP. 


HOURS    WORKED 


MAN'S   NO. 

1 

ORDER    NO.^ 
MACHINE    NO. - 


WORKMAN'S    NAME 


NO.    PirCES 
FINISHED. 


SYMBOL. 


OPERATION    NO. 


CONTRACTOR'S    NO. 


I    HAVE    INSPECTED   THE    ABOVE    WORK    AND    ENTRIES 
AND    BELIEVE    THEM    TO    BE    CORRECT. 


ENTERED   IN 


PAY 
HBKT 


COST   RECORD 
SHEET  I  SHEET 


A.  L.  CO. 


SIGNED    BY    THE    FOREMAN 
OR      HIS     REPRESENTATIVE 


ENTER    ONE    ITEM    ONLY    ON    A  CARD. 


show  that  he  was  lat<»,  or  tli(»r(^  must  Ixi  a  ])ass  stating  what 
time  he  went  out.  Tlir^se  pnssrs  should  Ix?  of  tlie  same  size  as 
the  cards,  and  Im^  put  in  with  the  tiiiK.'  cai-ds  and  sort«^d  out  by 
the  man's  nuinhcr,  so  that  whou  tlui  clerk  he«rins  to  (Miter  the 
time  and  record  lie  will  hnve  all  the  information  at  hand.  Tlie 
men's  record  niav  serve  as  a  ])ay  sheet,  thus  involving  only  one 
set  of  entries.  WIhmi  the  time  is  entered  u]),  the  clei'k  doing  it 
enters  his  initial  in  the  lowi-r  left-hand  cornei'  in  tlu^  spare 
marked  ''pay  slwet." 

13.    Cost. — To  get  the  cost  on  an  oi-der  the  cards  are  then  sorted 


1330  A  GRAPHICAL  DAILY  BALANCE  IN   MANUFACTURE. 

by  *'  order  number,"  and  when  the  clerk  begins  to  enter  up  the 
time  or  wages  against  any  order,  he  should  have  before  him  all 
the  cards  representing  work  on  that  order.  He  is  thus  enabled 
to  make  the  final  entry  directly  from  the  cards,  thus  doing  the 
work  with  a  minimum  of  clerical  labor.  The  clerk  enters  his 
initial  in  the  space  designated  for  such  entry  on  '^  cost  sheet." 

14.  Progress  or  Prodv<:tion. — To  geta  record  of  the  work  on  any 
order,  the  cards  which  have  been  sorted  by  order  number  are 
further  sorted  by  name  of  part  and  operation.  We  thus  get 
together  the  cards  showing  on  an  order  the  number  of  pieces  on 
wliich  a  certain  operation  has  been  finished  that  day.  These 
are  added  up  and  entered  directly  on  the  Production  or  Progress 
sheet.  By  this  method  we  can  keep  an  intelligible  record  of  all 
the  work  done  with  a  minimum  of  clerical  labor. 

15.  Difficulty  of  Getting  a  Daily  Balcmce, — It  is  not  necessary 
for  the  purpose  I  have  in  mind  to  dwell  further  on  the  details,  my 
object  being  only  to  show  that  the  difficulty  of  getting  this  daily 
record  of  our  men  and  a  balance  of  work  done  is  not  so  great  as 
to  be  prohibitory.  In  other  words,  it  is  an  entirely  feoMble 
thing  to  know  exactly  all  that  has  heen  done  in  a  large  plant  one 
day  hefore  noon  of  the  7iext,  and  to  get  a  complete  halance  of  work 
i7i  order  to  lay  out  that  afternoon  in  a  logical  tnanner  tJie  work 
for  tJte  next  day, 

16.  Vahie  of  such  a  Balance, — The  value  of  such  a  balance  con- 
sists in  the  fact  that  it  makes  cleardetails  that  noobserver,  however 
keen  he  may  be,  can  see  by  inspection.  It  shows  us  what  work 
is  behind  and  how  much,  and  enables  us  to  trace  to  its  source 
the  cause  of  any  delay.  The  superintendent  sees  at  a  glance 
what  he  never  could  find  out  by  observation  or  by  asking  ques- 
tions. It  shows  him  how  efficiently  a  plant  is  beiijg  run  and 
where  the  defects  in  operation  are.  In  connection  with  tho 
man's  record,  it  is  the  most  complete  analysis  we  can  make  of 
the  working  of  a  plant,  and  the  one  that  will  help  us  most 
quickly  to  bring  into  their  proper  channels  things  that  have 
been  going  haphazard.  Such  an  analysis  is  far  more  important 
than  an  improved  tool  steel  or  a  new  set  of  piece-rates.  It 
should  be  established  before  the  introduction  of  either  of  these 
in  order  that  we  may  have  some  means  of  measuring  the  gain 
made  by  their  introduction,  and  it  should  remain  after  they  are 
introduced  to  show  that  a  forward  step  once  taken  is  never 
retraced. 
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17.  Accounting  and  Operating. — In  conclusion  the  writer 
wishes  to  say  that  it  is  his  opinion  that  we  can  do  nothing  in  a 
manufacturing  plant  that  will  go  so  far  toward  increasing  the 
output  or  the  economy  of  operation  as  obtaining  this  exact 
knowledge  of  what  is  being  done.  The  cost  of  getting  it  is 
almost  nothing,  and  the  methods  of  operation  need  not  be  dis- 
turbed in  the  least  until  an  accumulation  of  knowledge  points 
out  the  best  course  to  pursue. 

By  the  adoption  of  the  methods  outlined  the  accounting  de- 
partment ceases  to  be  simply  a  critic  of  the  manufacturing,  and 
becomes  an  active  assistant  to  every  foreman  and  to  the  super- 
intendent. In  other  words,  the  accounts  cease  to  be  simply 
records  of  production,  and  become  potent  factors  in  helping  the 
'  producing  departments. 

18.  The  Bonus  Sj/fitem  a  Form  of  Profit  Sharing. — Having 
established  these  combined  order,  schedule,  and  production 
sheets,  the  next  step  is  to  pay  a  hoims  to  the  head  of  each  sliop 
based  on  the  extent  to  which  he  adheres  to  the  scliedule  as  laid 
out.  These  slieets  thus  do  for  the  foreman  what  the  Instruction 
Card  does  for  the  individual,  and  the  final  result  of  the  system 
is  harmonious  working  and  a  high  degree  of  efficiency,  a  portion 
of  the  profits  of  which  goes  directly  to  the  individual  in  propor- 
tion as  his  efforts  tend  to  maintain  that  efficiency.  Carried  out 
to  its  logical  end,  tlicrefore,  the  Bonus  System  as  described  in 
my  previous  paper  becomes  practically  one  of  profit  sharing^  in 
which  each  man  gets  his  portion  of  the  profits  as  soon  as  he 
earns  it. 

In  this  paper  I  have  confined  mj'^self  as  nearly  as  i)ossible  to 
general  principles,  using  specific  cases  siniplj'^  as  illustrations. 
These  principles  are  capable  of  further  devclojnnent  and  may  be 
worked  out  in  detail  to  suit  the  needs  of  many  forms  <rf  manu- 
facture. 

DISCUSSION. 

Mr.  John  Voider. — Tlie  method  broufrht  out  bv  ^fr.  Oantt  in  lli^* 
paper,  of  bringing  before  the  superintendents  of  various  dc^part-. 
ments  the  work  of  eaeli  <lay,  is  a  metliod  whieli  in  our  establisli- 
ment  we  call  the  *'  Pie  Plate  System. "'  It  consists  of  luivinir  a 
series  of  raeks  divided  off  mneli  as  tliev  nre  in  one  of  tlie  racks 
M'here  pies  are  disj)ljived  in  a  hakerv.  When  an  order  comes  into 
that  department  it  is  ])ut  in  one  of  these*  sliclves.     Tlien  it  ,ix<)<'s 
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from  there  to  the  credit  clerk,  and  when  he  dis])08es  of  it  he  puts 
it  in  the  next  comi)artnient.  Then  it  goes  to  the  clerk  whose 
business  it  is  to  look  over  the  papers  to  see  whether  they  are  in 
proper  shape  to  be  written  out,  and  he  transfers  it  to  a  third  com- 
partment. So  it  goes  on  through  until  the  work  is  completed  in 
that  department. 

The  advantage  of  this  is  that  the  manager  coming  in  the  depart- 
ment in  the  morning  can  look  at  that  ])ie  rack  and,  if  he  sees  an 
accumulation  of  papers  in  any  cme  compartment  he  knows  there 
ij  something  wrong.  At  noon  all  of  the  papers  have  to  be  returned 
to  their  proi>er  place.  Around  certain  of  the  compartments  there 
are  red  circles  drawn :  t4iose  are  danger  points,  and  indicate  that 
papers  must  not  be  allowed  to  accumulate  there  under  any  cir- 
cumstances. 

That  same  system  is  carried  out  in  all  the  different  depart- 
ments, so  that  the  manager  of  the  business  in  walking  through 
the  shops  can  look  at  the  pie  plate  boxes  and  judge  of  the  general 
condition  of  the  work  in  that  department  at  a  glance. 

Mr,  IL  B,  Ayers. — I  have  had  this  system  in  operation  more 
than  nine  months  and  it  has  worked  exceedingly  well.  We  have 
seen  a  great  increase  in  our  outjmt  from  its  use. 

To  show  how  this  system  has  liel])ed  me  in  getting  out  work  I 
will  take  the  frame  job  as  an  exam])le.  Tlie  sheets  showed  plainly 
it  was  the  ])laning  of  tlie  shoes  and  wedges  which  were  holding 
uj)  the  work,  and  nothing  else  in  the  manufacture  of  the  frame 
was  giving  us  any  trouble.  (\>nse(iuently  I  bolstered  up  that 
operation  and  we  have  had  no  troubh*  since.  The  same  thing  is 
true  in  the  foundry  department,  and  whenever  the  sheets  have 
shown  trouble  along  any  line  we  have  taken  steps  to  remedy  it.  It 
is  a  fact  that  the  output  of  our  fonndrv  has  been  increased  six 
hundred  j)er  cent,  in  a  year,  although  the  rest  of  our  shops  have 
not  shown  any  such  increase.  Vou  may  think  this  shows  the 
foundry  was  doing  very  ])oorly  before,  and  it  Avas,  but  I  want  to 
give  a  great  deal  of  credit  f(H\tliis  showing  to  ^Fr.  Cantt's  system. 

Mr.  F.  A.  JIalsf'i/. — This  pap(»r  of  Mr.  (iantt's  is  a  striking  illus- 
tration of  the  manner  in  which  the  minds  of  men  in  different  parts 
of  the  country  turn  simultaneously  to  the  same  thing.  The  general 
idea  embodied  in  this  pa]>er  has  sj)rung  up  in  a  good  many  shops, 
where  tlu^  plans  which  embody  it  uro  known  by  various  names, 
snch  as  '"  Follow-up  System,""  *'  Work  in  Progress  Record,"  etc. 
'Ihese  ])lans  have,  in  many  cases,  no  similarity  exce])t  in  the  results 
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aimed  at,  which  are  the  placing  before  the  foremen  of  the  datc^s 
when  diff(»rent  i)ieces  of  work  are  exp(^et(*d  from  them,  and,  like- 
wise, the  re])orting  back  to  the  office  of  the  fact  that  the  work 
has  been  completed  on  time,  or  not,  as  the  case  may  be. 

There  can  be  no  doubt  of  the  great  value  of  this  general  idea 
in  works  of  such  magnitude  that  the  keejdng  of  the  work  in  i)rog- 
ress  is  burdensome,  or  even  imi)ossil)le,  by  the  simple  exercise  of 
memory. 

Mr.  McGeorge, — Air.  Oantt  in  his  pa])er  spoke  of  not  requiring 
any  further  (derical  help.  I  would  like  to  incjuire  how  he  man- 
ages that  i!  l)o(»s  he  appoint  special  cori)s  of  clerks  for  this  jnir- 
pose,  or  has  each  foreman  a  ^e-rk  'i  Then  again,  who  settles  when 
these  various  ])arts  shall  be  assenddedi  In  other  words,  who  fills 
out  the  sheets  to  begin  with  'i  Then  he  also  s[)oke  of  a  danger 
signal — a  red  line.      1  wouhl  like  ti>  ask  who  ])Uts  that  red  line  on  I 

Mr.  Charles  Day. — During  a  recent  investigaticm  of  Mr.  (iantt's 
work  I  was  imi)ressed  most  strongly  by  the  splen<lid  sup])ort  he 
was  receiving  from  those  in  the  sh(»p  with  whom  he  came  directly 
in  contact.  It  is  usually  taken  for  granted  that  opposition  will  be 
encountered  in  the  shop,  but  in  the  Schenectady  L(X'omotive 
Works  the  various  supcM'intendents  and  foremen,  as  wcdl  as  the 
Vv'orkmen,  with  whom  1  conversed,  wen*  most  enthusiastic,  desiring 
at  once  to  imlicate  liow  their  work  had  been  simplified  since  the 
introduction  of  Air.  (iantt's  metliods. 

We  have  all  heard  with  interest  Mr.  Ayers'  remarks,  but  1  am 
sure  that  a  score  of  the  shop  men  who  have  been  associated  with 
the  work  during  the  ]>ast  year  would  testify  with  e(|ual  force  to 
the  utility  of  the  work.  This,  in  my  mind,  is  the  strongest  j)roof 
of  the  value  of  th(»  gr:i])liical  daily  balance. 

Mr.  Peek. — I  have  run  across  a  nundK-r  of  nu'chani<*al  engineers 
who  have  visited  our  works  from  various  ])arts  of  the*  country,  and 
they  seem  to  be  more  or  less — and  I  am  afrai<l  souk*  of  them  rather 
less  than  more — conversant  with  Air.  (lanttV  sy^^tem. 

In  th<'  working  out  of  the  system  tlirouahout  (Mir  shops  we  hav(- 
found  that  it  has  a  tendency  t<»  slmw  up  weak  points,  and  that  very 
often  I  hav<'  found  the  particular  weak  point  was  in  myself.  Several 
times  I  thoiiiilit  it  wouM  l>e  a  good  id(*a  to  get  hot-footed  after 
&onu»body.  Then  I  would  trace  ba<-k  on  Mr.  (lantt's  sheets  and 
ascertain  that  1  was  the  man  that  <»nght  to  be  got  after  instead 
of  some  other  fellow.  At  »»ih'  time  we  were  studying  slio]>  system^ 
very  carefnllv,  and   1   wa--  on  a  <onnnittee  to  devi-e  so:ne  metho.j 
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of  following  work  through  the  shop.  Being  a  reader  of  the 
American  Machinist  and  several  other  nieehanical  journals,  I 
looked  up  various  systems,  and  may  say  that  I  read  and  studied 
probably  twenty-five  different  systems  with  the  result  that  I  hon- 
estly believe  that  Mr.  Gantt's  system  is  the  simplest,  the  cheapest 
and  the  best  I  have  ever  run  across. 

Mr.  Gantt* — In  answer  to  Mr.  McGeorge's  question  I  may  say 
that  the  whole  schedule,  red  lines  and  all,  should  originate  in  a 
planning  department  such  as  is  advocated  by  Mr.  Taylor,  but  as 
few  plants  have  such  a  department,  it  is  usually  impossible  at  first 
to  do  this  work  as  it  should  be  done,  and  the  schedules  have  to 
be  made  out  by  those  most  available  for  the  purpose. 

Comparing  the  manufacture  of  locomotives  with  that  of  any 
other  large  machines,  a  very  casual  investigation  will  be  sufficient 
to  show  that  the  art  of  building  locomotives  is  by  far  the  most  fully 
developed,  and  that  the  harmony  between  the  different  portions 
of  a  locomotive  plant  is  much  more  perfect  than  that  in  any  other 
plant  of  the  same  size  building  large  machinery.  This  is  so 
because  locomotives  are  always  built  according  to  a  schedule, 
which  is  the  evolution  of  more  than  half  a  century's  w^ork  in  the 
same  line. 

What  time  and  evolution  have  done  for  the  building  of  the  loco- 
motive, Mr.  Taylor  does  for  the  building  of  machinery  in  general 
by  means  of  his  ])lanning  department.  What  1  have  done  is  to 
put  in  a  graphical  form  not  only  the  schedule  for  building  the 
locomotive,  but  to  show  grai)hically  how  that  schedule  is  carried 
out.  At  the  locomotive  works  we  made  no  attempt  to  modify  or 
criticize  the  existing  schedule,  but  sim])ly  recorded  how  the 
schedule  was  livcKl  u])  to. 

These  combined  schedules  and  records  become  a  history  of  how 
.the  work  wcMit  through  the  shop  and  will  ultimately  supply  the 
informaticm  needed  in  modifying  the  schedules  so  as  to  get  still 
great(»r  harmony  between  the  different  departments  and  greater 
economy  of  manufacture. 

Where  ju'etty  complete  schedules  exist,  as  in  most  locomotive 
plants,  anybody  in  authority  can  see  that  they  are  made  out  in  a 
graphical  form  and  lived  u])  to.  I'lirec^  exani])les  given  below  will 
show  how  this  W(n-k  can  be  started  under  these  conditions.  Even 
where  there  are  no  well  defined  schednh^s  there  is  alwtivs  a  certain 
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anioiint  of  kiiowl(Ml^(»  that  takes  their  place,  and  the  collection 
of  this  knowledge  and  the  jnitting  of  it  in  a  graphical  form  can 
always  be  done.  Such  schedules  are  necessarily  imperfect  at 
first,  but  are  far  better  than  nothing,  and,  if  the  records  are 
properly  kept,  may  be  rapidly  improved,  especially  if  a  planning 
or  production  department  is  organized  to  develop  them  as  rapidly 
as  possible. 

The  three  examples  referred  to  above  are  as  f ollo\vs : 

At  the  ^Manchester  Works  of  the  American  Locomotive  Com- 
pany, Mr.  Ayres,  the  superintendent,  gave  his  personal  attention 
to  having  them  started  in  the  foundry.  He  has  told  you  his 
results. 

At  the  Schenectady  Works  Mr.  Peck,  foreman  of  number  one 
machine  shop,  ])ersonally  looked  after  their  introduction  in  his 
shoj).     He  has  told  you  of  his  work. 

At  the  Brooks  Works  Mr.  Keid,  the  assistant  superintendent 
started  them  in  the  foundry.  He  is  not  here,  so  I  shall  tell  you  of 
his  results.  He  personally  put  the, red  lines  on  to  start  wdth,  and 
had  the  sheets  sent  to  his  office  every  morning  at  ten  o'clock  witli 
the  previous  day's  work  written  up  to  see  how  the  scheduh*  was 
being  lived  up  to.  They  were  sent  back  with  his  written  com- 
ments to  the  foreman  in  time  for  him  to  arrange  his  work  for  the 
next  day.  The  r(»sult  of  this  was  a  prompt  improvement  in  the 
output  of  th(»  foundry.  The  b<»st  illustration  I  can  give  you  of 
his  success  is  to  show  you  tlu^se  (>rd(»r  she(»ts  for  thirty-five  loco- 
motives filled  by  that  foundry  alK)ut  eight  months  after  the  system 
was  started.  (Here  were  shown  several  actual  schedule  sheets  of 
this  order  with  the  red  lines  and  entries  exactly  as  kept  in  the 
foundry  office  as  reproduc(Ml  in  Figs.  2S0,  200  and  21)1. 

If  you  can  see  the  red  lines  and  the  entries,  you  can  see  how 
the  schedule  was  lived  up  to.  Siiffice  it  to  say  that  out  of  a  total 
of  over  nine  thousand  castings,  non(»  were  uk^'c  than  five  days 
behind  scIkmIuIc  time,  an<l  only  two,  which  were  replacement:*, 
more  than  fcnir  days.  Tliis  is  a  rc^cord  that  any  foundry  might 
be  proud  of.  Don't  imagine,  however,  that  the  system  alone  div.i 
it.  The  system  sini])ly  sii])])lied  the  means  by  which  it  could  be 
done,  an<l  the  miin  trnined  to  use  the  syslom  and  to  know  its  value 
got  the  results.  The  fact  that  a  man  ca]>al)le  of  using  the  system 
must  be  found  or  dcveloju-d  is  one  reason  why  it  takes  so  long  Ui 
get  it  properly  sljn't(Ml. 

There  U  one  other  tiling  which  T  did  not  quite  get  to  in  present- 
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inp^  niv  ])apor — the  difficulty  of  gottinp^  this  daily  balance :  "  It  is 
not  necessary  for  the  ])ur[)ose  I  have  in  mind  to  dwell  further  on 
the  details,  my  object  being  only  to  show  that  the  difficulty  of 
getting  this  daily  record  of  our  men  and  the  balance  of  work  done 
is  not  so  great  as  to  be  prohibitory."  If  it  cost  fifty  times  what  it 
does,  it  would  pay.  To  know  exactly  all  that  was  done  in  a  large 
I)lant  one  day  before  noon  of  the  next,  and  to  get  a  complete  bal- 
ance of  work  in  order  to  lay  out  that  afternoon  in  a  logical  manner 
the  work  for  the  next  day,  enables  us  to  manage  a  large  plaiit  as 
inieUigefiUy  as  a  small  arte. 

The  value  of  such  a  balance  consists  in  the  fact  that  it  makes 
clear  details  which  no  observer  can  see  by  inspection.  It  shows 
what  work  is  behind,  and  liow  much,  and  enables  us  to  trace  to  its 
source  any  cause  of  the  delay.  The  superintendent  sees  at  a 
glance  what  he  never  could  find  out  by  observation  or  by  asking 
questions.  In  connection  with  a  man's  record  it  is  the  most  com- 
plete analysis  we  can  make  of  th(^  working  of  a  plant,  and  the 
one  which  will  help  us  most  to  bring  into  their  proper  channels 
things  that  have  been  going  haphazard. 

In  conclusion  I  have  to  say  it  is  my  opinion  that  we  can  do 
nothing  in  a  manufacturing  ])lant  which  will  go  so  far  towards 
increasing  the  output  and  the  economy  of  operation  as  obtaining 
this  exact  knowledge  of  what  is  being  done.  By  the  adoption  of 
the  method  which  I  have  (mtlined  the  accounting  department 
ceases  to  be  simply  a  critic  of  the  manufacturing  and  becomes  an 
active  assistant  to  evc^ry  foreman  and  to  the  superintendent. 


SUOr    MANAGEMENT.  1337 


Wo.  1003.* 

SHOP  MANAGEMENT.^ 

BT   FRKD.  W.  TAYLOR,  PHILADELPHIA. 

(Member  of  the  Society.) 

The  following  is  an  index  to  the  subjects  treated  in  this  paper : 

PARAGRAPH 
NUMBER. 

The  writer's  chief  ohject  in  writing;  this  paper  is  to  advocate  the  accurate 
study  of  "how  \o\\^  it  takes  to  do  work,"  or  Scientific  Time  Study  as 
the  foundation  of  the  best  management, 

92.  93,  133,  135,  140,  260,  261,  325,  331,  391,  393 
The  other  important  object  in  writing  this  paper  is  advocating  the  coup- 
ling of  high  wages  for  the  workman  with  low  labor  cost  for  the  em- 
ployer   21 

The  unevenness  of  management 2,  3 

Lack  of  apparent  relation  between  goo<l  shop  management  and  the  pay- 
ment of  dividend 2-7 

What  is  the  best  index  to  good  sliop  management 13,  20,  41 

Why  it  is  possible  to  pay  high  wages  and  still  have  a  low  labor  cost 26 

Great  difference  between  first-cla.ss  and  average  men 26 

Chief  obstacles  in  the  way  of  attaining  high  wages  and  low  labor  cost. . .  44 

The  Evils  of  "Soldiering." 

Causes  for  Soldiering.     Paying  all  men  in  a  class  uniform  wages 49 

The  chief  cause  is  to  prevent  their  employers  from  knowing  how  ftist.  work 

can  be  done 57 

Partial  reme<lies  for  soldiering 6-1 

The  best  type  of  day  work 63 

Contract  work 64 

Towne  Ilalsey  plan 78 
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No.  928,  vol.  xxiii.,  p.  311 :   "  Bonus  System  for  Rewarding  Labor."    H.  L.  Gantt. 
No.  965,  vol.  xxiv.,  p.  250:    "Gift  Proposition  for  Paying  Workmen."     Frank 

Richards. 
No.  341,  vol.  X.,  p.  600:   ''Gain  Sliaring."     Henry  R.  Towne. 
No.  449,  vol.  xii.,  p.  755:   '' Preniiiun  Plan  of  Paying  for  Labor."     F.  A.  Ilalsey. 
No.  647,  vol.  xvi.,  p.  S56:    ''Piece  Rate  System.'"'     F.  W.  Taylor. 
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The  only  true  remedy  for  soldiering 92,  93,  133-135 

Accurate  time  study 140 

Comparison  of  the  ordinary  methods  of  shop  management  with  manage- 
ment founded  on  accurate  time  study  as  a  foundation 135 

Contract  work 66 

Cooperation  not  successful 73 

Towne  Halsey  plan 78 

The  great  objection  to  all  of  the  ordinary  systems,  including  the  Towne 
Halsey  plan.     Lack  of  knowledge  as  to  how  quick  work  can  be  done. 

84,  92,  93 

Accurate  Scientific  Time  Study. 

Advantages  to  be  derived  from  it.     Leading  object  in  writing  this  paper. 

Illustrations  of  what  has  been  accomplished  by  it.     Yard  labor  in 

Bethlehem  Steel  Co 93,  95,  133 

The  only  true  remedy  for  soldiering 92,  93,  133-135,  140 

Should  be  one  of  the  functions  or  divisions  of  the  planning  department. .  260 
For  the  work  to  be  done  by  machine  tools  resulted  in  making  slide  rules 

for  indicating  the  best  speed  and  feed 261 ,  393 

Details  of  Scientific  Time  Study 325 

Best  methods  and  implements 331 

Mr.  Gantt's  system  of  Task  Work  with  a  Bonus 168,  170,  171 

Differential  Rate  System  of  piece  work 162, 168, 170, 171, 178 

The  reason  for  many  failures  that  are  made  when  changes  in  organization 

are  undertaken 141 

Facts  that  should  be  carefully  considered  by  the  managers  of  a  company 

before  making  any  changes  in  organization 142-290 

Iniportaiifc  of  having  the  best  type  of  organization 146 

The  writer  lias  never  been  opposed  by  a  strike 158-410 


The  Task  Idea  in  Management. 

The  leading  object  in  management,  namely  higli  wages  and  a  low  labor  • 
cost,  can  best  be  attained  by  including  the  idea  of  a  "daily  task^^ 
tlirou^liout  the  field  of  management 149-152 

Advantages  of  tlie  task  idea  in  management 159 

Tlio  task  idea  can  bo  successfully  applied  under  day  work,  piece  work. 
Task  Work  with  a  Bonus  or  the  Differential  Rate  System  of  Piece 
Work.  Each  of  these  systems  has  its  especial  field  and  they  should 
all  he  used.  In  no  case,  however,  without  accurate  time  study  as  a 
foundation 162-177 

The  particular  case  in  whicli  each  system  should  be  used.     Day  work. . .  164 

Piece  work [ 166-170 

DifTorential  rate  piece  work     168-171 

Mr.  Oautt's  system.    Task  Work  witli  a  Bonus.    Desirability  of  making 

the  task  as  short  as  possible 171,  188,  201 


SHOP   MANAGEMENT.  1339 

Illustrations   of  the   Practical   Results   Attained   Through   the 
Application  of  the  Task  Idea  in  Management. 

PARAGRAPH 
NUMBER. 

Under  day  work  in  the  works  of  the  Providence  Screw  Co 165 

Under  straight  piece  work  in  handling  the  yard  labor  in  the  works  of  the 

Bethlehem  Steel  Co 95 

Pieo€  work  in  inspecting  bicycle  balls  in  the  works  of  the  Simonds  Rolling 

Machine  Co.,  at  Fitchburg,  Mass 195 

Differential  rate  piece  work,  Midvale  Steel  Co.,  Philadelphia 180, 194 

DifTerential  rate  piece  work,  Simonds  Rolling  Machine  Co 201 

Standards. 

Necessity  for  and  economy  resulting  from  the  adoption  of  standards. . .         284 
The  task  idea  cannot  be  successfully  applied  without  the  adoption  of 

standard  details 109 

One  of  the  functions  of  the  planning  department  should  be  the  system- 
atic maintenance  of  standards 269,  298 

Planning  Department. 

The  adoption  of  the  task  idea  in  management  involves  (at  least  in  the 
case  of  an  establishment  doing  intricate  work)  the  abandonment  of 
individual  or  personal  management  and  the  substitution  of  a  plan- 
ning department  to  do  all  of  the  detail  of  the  work  of  management.  154,  257 
Planning  department  does  not  involve  additional  work  and  expen.se; 

merely  concentrates  the  planning  and  brain  work  in  one  place 155,  279 

Analogy  between  the  method.s  of  modern  engineering  and  those  of  mod- 
em management 150 

Advantages  of  planning  department  and  functional  foremanship 318 

The  functions  to  be  perfonned  in  the  planning  department *. . . .  .233,  256 

Bethlehem  Steel  Co.  yard  labor — results  attained  through  accurate  time 

study 95 

Desirability  of  individual  piece  work  as  against  gang  work lis 

Different  types  of  organization  required  according  to  the  nature  of  the 

business 21 1 

Rea.sons  wliy  under  the  usual,  or  what  may  he  called  the  military  type  of 

organization,  it  is  almost  impossible  to  get  good  foremen 214 

General  analysis  of  the  duties  and  qualities  demanded  of  a  good  foreman . .  210,  222 
Functional  management  should  be  substituted  for  the  militar}'  type. . . .         233 

Functional  management  defined 234 

Four  kinds  of  functional  foremen  should  directly  help  the  men  in  their 
work  in  the  shop — Gang  Boss,  Speed  Boss,  Inspector,  Repair  Boss — 

outline  of  their  duties 235 

Four  functional  foremen  should  give  them  their  directions  from  the  plan- 
ning department;  with  outline  of  their  duties 2 10 

Cost  of  production  when  complicated  work  is  done  is  lowered  by  sepa- 
rating the  work  of  planning  and  the  brain  work  as  much  as  pK)ssible 

from  the  manual  work 2S0 

Practical  illustrations  of  this  on  a  large  scale 2S1 

"Exception"  principle  in  management.     The  importance  of  it 2SS 
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Each  workman  should  daily  write  certain  information  needed  by  planning 

department.     How  to  induce  them  to  do  this 289 

Instruction  cards  are  to  the  art  of  management  what  drawings  are  to  the 

science  of  engineering 242, 405 

Steps  to  be  Taken  in  Changing  from  Ordinary  to  the  Best  Type  op 

Management 290,  295 

Importance  of  getting  a  competent  man  to  take  entire  charge  of  any  new 

system  of  management 296 

Where  to  begin  in  making  changes  in  managtiment 297, 313 

Object  lessons  absolutely  necessary  to  con^'ince  workmen  of  the  desira- 
bility of  changes 294,304 

Begin  with  foremen  and  superintendents 304, 305 

The  selection  of  men  for  leading  positions 306 

So  sys'tem  can  do  away  with  the  necessity  for  good  men 322 

The  personal  relations  which  should  be  maintained  between  employers  and 

their  men 410 

Labor  imions 422,129 

Methods  of  disciplining  the  men 439  ' 

The  proper  relations  of  Philanthropic  and  Paternal  schemes  to  managment        452 

1.  Through  his  business  in  changing  the  methods  of  shop  man- 
agement, the  writer  has  been  brought  into  intimate  contact  for 
several  years  with  the  organization  of  manufacturing  and  indus- 
trial establisliments,  covering  a  large  variety  and  range  of  pro- 
duct, and  (Miiploying  workmen  in  many  of  the  leading  trades. 

2.  In  takhig  a  broad  view  of  tlie  field  of  management,  the  two 
facts  which  appear  most  noteworthy  are : 

(1)  What  may  be  called  the  great  unevemiess^  or  lack  of 
uniformity  shown,  even  in  our  best  run  works,  in  the  develop- 
ment of  the  several  element^,  which  together  constitute  what  is 
en  lied  ilie  management. 

(2)  The  lack  of  apparent  relation  between  good  shop  manage-  * 
iiient  and  the  payment  of  dividends. 

8.  Althougli  the  day  of  trusts  is  li(»re,  still  practically  each  of 
the  component  companies  of  tlu^  trusts  was  developed  and  built  up 
largely  through  th(^  energies  and  (^special  a])ility  of  some  one  or 
two  men  who  were  th(^  master  spirits  in  directing  its  growth.  As 
a  rule,  this  leader  rc>se  from  a  more  or  less  humble  position  in  one 
of  tlie  departments,  say  in  tlie  commercial  or  the  manufacturing 
de])artment,  until  he  l)oenme  tlie  head  of  Ids  particular  section. 
Having  shown  esjiecial  ability  in  his  \\\\(\  he  was  for  that  reason 
made  manager  of  the  whole  establishment. 
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4.  In  examining  tho  organization  of  works  of  tliis  class,  it  will 
frequently  be  found  .that  the  management  of  the  particular  de- 
l)artment  in  which  this  master  spirit  has  grown  up,  towers  to  a 
high  point  of  excellence,  his  success  having  been  due  to  a  thor- 
ough knowledge  of  all  of  the  smallest  recpiirements  of  his  section, 
obtained  through  personal  contact,  and  the  gradual  training  of 
tho  men  under  him  to  their  maximum  efficiency. 

5.  The  remaining  departments,  in  which  this  man  has  had  but 
little  personal  experience,  will  often  present  equally  glaring 
examples  of  inefficiency.  And  this,  mainly  because  .management 
is  not  yet  looked  upon  as  an  art,  with  laws  as  exact,  and  as  clearly 
defined,  for  instance,  as  the  fundamental  i)rinci})les  of  engineer- 
ing, which  demand  long  and  careful  thought  and  study,  but  rather 
as  a  question  of  men,  the  old  view  being  tliat  if  you  have  the 
right  man  the  methods  can  be  siifely  h^ft  to  him. 

6.  The  following,  while  rather  an  extreme  case,  may  still  b(> 
looked  upon  as  a  fairly  ty])ical  illustration  of  the  uneveniiess  (tf 
managefnent.  It  became  desirable  to  combine  two  rival  manu- 
factories of  chemicals.  The  great  obstacle  to  this  combination, 
however,  and  one  which  for  several  years  had  proved  insurmount- 
able, was  that  the  two  men,  ejich  of  whom  occupied  the  position  of 
owner  and  manager  of  his  company,  thoroughly  despised  one 
another.  On(^  of  these  men  had  risen  to  the  top  of  his  works 
through  the  office  at  the  commercial  end,  and  the  other  had  come 
up  from  a  workman  in  the  factory.  Kach  one  was  sure  that  the 
other  was  a  fool,  if  not  worse.  Wh(»n  they  wc^e  finally  combiiicd 
it  was  found  that  each  was  right  in  his  judgment  of  the  other  in 
a  certain  way.  A  ccanparison  of  their  books  showed  that  the 
vmnufadurer  was  ])r()ducing  his  chemicals  more  than  f(>rty  per 
cent  cheaper  than  his  rival,  while  the  business  man  made  up  the 
difference  by  insisting  on  maintaining  the  highest  quality,  and  by 
his  superiority  in  selling,  buying,  and  the  nianagcnicnt  of  llie  com- 
nuTcial  si<le  of  the  business.  A  eond)inati(Hi  of  llic  two,  however, 
finally  resultc*!  in  mutual  r<'s])(M't,  and  saving  tin*  forty  j)(»r  cent, 
formerly  lost  by  each  man. 

7.  The  second  fad  that,  has  stru«-k  the  writer  as  most  not.(»wortliy 
is  that  there  is  no  ajuuirent  ndntion  in  many,  if  not  m(\<\.  cases, 
between  good  slioj)  management  and  the  success  or  failure  of  the 
company,  many  unsuccessful  com])anies  having  good  shop  man- 
agement while  the  reverse  is  true  of  many  which  pay  large  divi- 
dends. 
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8.  We,  however,  who  are  primarily  interested  in  the  shop,  are 
apt  to  forget  that  success,  instead  of  hinging  upon  shop  manage- 
ment depends  in  many  cases  mainly  upon  other  elements,,  namely, 
— the  location  of  the  company,  its  financial  strength  and  ability, 
the  efficiency  of  its  business  and  sales  departments,  its  engineering 
ability,  the  superiority  of  its  plant  and  equipment,  or  the  protec- 
tion afforded  either  by  patents,  combination,  location  or  other  par- 
tial monopoly. 

9.  And  even  in  those  cases  in  which  the  efficiency  of  shop  man- 
agement might  play  an  important  part  it  must  be  remembered 
that  for  success  no  company  need  be  better  organized  than  its 
competitors. 

10.  The  most  severe  trial  to  which  any  system  can  be  subjected 
is  that  of  a  business  which  is  in  keen  competition  over  a  large 
territory,  and  in  which  the  labor  cost  of  praduction  forms  a  large 
element  of  the  expense,  and  it  is  in  such  establishments  that  one 
would  naturally  expect  to  find  the  best  type  of  management. 

11.  Yet  it  is  an  interesting  fact  that  in  several  of  the  largest  and 
most  important  classes  of  industries  in  this  country  shop  practice 
is  still  twenty  to  thirty  years  behind  what  might  be  called  modem 
management.  Not  only  is  no  attempt  made  by  them  to  do  tonnage 
or  piece  work,  but  the  oldest  of  old-fashioned  day  work  is  still  in 
vogue  in  which  one  overworked  foreman  manages  the  men,  and 
the  workmen  are  still  herded  in  classes,  all  of  those  in  a  class 
being  paid  the  same  wages,  regardless  of  efficiency. 

12.  In  these  industries,  however,  although  they  are  keenly  com- 
petitive, tlie  poor  type  of  shop  management  does  not  interfere 
with  dividends,  since  they  are  in  this  respect  all  equally  bad. 

13.  It  would  appear,  therefore,  that  as  an  index  to  the  quality 
of  shop  management  tlie  earning  of  dividends  is  but  a  poor  guide. 

14.  Any  onewlio  has  tlie  opportunity  and  takes  the  time  to  study 
the  subject  will  see  that  neither  good  nor  bad  management  is  con- 
fined to  any  one  system  or  type.  lie  will  find  a  few  instances  of 
good  nianagcnient  containing  all  of  the  elements  necessary  for 
permanent  prosperity  for  both  employers  and  men  under  ordinary 
day  work,  the  task  system,  piece  work,  contract  work,  the  pre- 
mium ])lan,  the  bonus  system  and  the  differential  rate;  and  he 
will  find  a  very  much  larger  number  of  instances  of  bad  manage- 
ment under  these  systems  containing  the  elements  which  lead  to 
discord  and  ultimate  loss  and  trouble  for  both  sides. 

15.  If  neither  the  prosperity  of  the  company  nor  any  particular 
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type  or  system  fumislies  an  index  to  proper  management,  what 
then  is  the  touchstone  which  indicates  good  or  bad  management  ? 

16.  The  art  of  management  has  been  defined,  "  As  knowing  ex- 
actly what  you  want  men  to  do,  and  then  seeing  that  thoy  do  it  in 
the  best  and  cheapest  way."  No  concise  definition  can  fully  de- 
scribe an  art,  but  the  relations  between  employers  and  men  form 
without  question  the  most  important  part  of  this  art.  In  consider- 
ing the  subject,  therefore,  until  this  part  of  the  problem  has  been 
fully  discussed,  the  remainder  of  the  art  may  be  left  in  the  back- 
ground. 

17.  The  progress  of  many  types  of  management  is  punctuated 
by  a  series  of  disputes,  disagreements  and  compromises  between 
employers  and  men,  and  each  side  spends  more  than  a  considerable 
portion  of  its  time  thinking  and  talking  over  the  injustice  which 
it  receives  at  the  hands  of  the  other.  All  such  types  are  out 
of  the  question,  and  need  not  be  considered. 

18.  It  is  safe  to  say  that  no  system  or  scheme  of  management 
should  be  considered  which  does  not  in  the  long  run  give  satis- 
faction to  both  employer  and  employee,  which  does  not  make  it 
apparent  that  their  best  interests  are  mutual,  and  which  does  not 
bring  about  such  thorough  and  hearty  co-operation  that  they  can 
pull  together  instead  of  apart.  It  cannot  be  said  that  this  con- 
dition has  as  yet  been  at  all  generally  recognized  as  the  necessary 
foundation  for  good  management.  On  the  contrary,  it  is  still 
quite  generally  regarded  as  a  fact  by  both  sides  that  in  many  of 
the  most  vital  matters  the  best  interests  of  employers  are  neces- 
sarily opposed  to  those  of  the  men.  In  fact,  the  two  elements 
which  we  will  all  agree  are  most  wanted  on  the  one  hand  by  the 
men  and  on  tlui  other  hand  by  the  employers  are  generally  looked 
upon  as  antagonistic. 

19.  What  the  workmen  want  from  their  employers  beyond  any- 
thing else  is  high  wages,  and  what  employers  want  from  their 
workmen  most  of  all  is  a  low  labor  cost  of  manufacture. 

20.  These  two  conditions  are  not  diametrically  opposed  to  one 
another  as  would  appear  at  first  glance;  on  the  contrary,  they  can 
be  made  to  go  togetlier  in  all  classes  of  work,  without  exception, 
and  in  the  writer's  judgment  tlie  existence  or  absence  of  these 
two  elements  forms  tlie  best  index  to  either  good  or  bad  manage- 
ment. 

21.  This  i»ai»kk  is  WRrriEx  mainly  with  the  oiuect  of  advo- 
cating   HIGH    WAGES    AND    LOW    LABOR  COST   AS  THE   FOUNDATION   OF 
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THE  BEST  MANAGEMENT,  OF  POINTING  OUT  THE  GENERAL  PRINCIPLES 
WHICH  RENDER  IT  POSSIBLE  TO  MAINTAIN  THESE  CONDITIONS  EVEN 
UNDER  THE  MOST  TRYING  CIRCUMSTANCES,  AND  OF  INDICATING  THE 
VARIOUS  STEPS  WHICH  THE  WRITER  THINKS  SHOULD  BE  TAKEN  IN 
CHANGING  FROM  A  POOR  SYSTEM  TO  THE  BETTER  TYPES  OF  MAN- 
AGEMENT. 

22.  The  condition  of  high  wages  and  low  labor  cost  is  far  from 
being  accepted  either  by  the  average  manager  or  the  average 
workman  as  a  practical  working  basis.  It  is  safe  to  say  that  the 
majority  of  employers  have  a  feeling  of  satisfaction  when  their 
workmen  are  receiving  lower  wages  than  those  of  their  com- 
petitors; and  on  tlie  other  hand  that  very  many  workmen  would 
feel  contented  if  they  found  themselves  doing  the  same  amount 
of  work  per  day  as  other  similar  workmen  do  and  get  more 
pay  for  it.  Yet  employers  and  workmen  should  alike  look  upon 
both  of  these  conditions  with  apprehension,  as  they  are  either  of 
them  sure,  in  the  long  run,  to  lead  to  trouble  and  loss  for  both 
parties. 

23.  Through  unusual  personal  influence  and  energy,  or  more 
frequently  through  especial  conditions  which  are  but  temporary, 
such  as  dull  times  when  there  is  a  surplus  of  labor,  a  superin- 
tendent may  succeed  in  getting  men  to  work  extra  hard  for  ordin- 
ary wages.  After  the  men,  however,  realize  that  this  is  the  case 
and  an  opportunity  comes  for  them  to  change  these  conditions,  in 
tlieir  reaction  against  what  they  believe  unjust  treatment  they 
arc  almost  sure  to  lean  so  far  in  the  other  direction  as  to  do 
an  equally  great  injustice  to  their  employer. 

24.  On  the  otlier  liand,  the  men  who  use  the  opportunity  offered 
by  a  scarcity  of  labor  to  exact  wages  higher  than  the  average  of 
their  chiss,  without  doin^i^  more  than  the  average  work  in  return, 
are  merely  laying  up  trouble  for  themselves  in  the  long  run. 
Tliey  grow  accustomed  to  a  liigli  rate  of  living  and  expenditure, 
and  wlion  the  inequitable  turn  comes  and  they  are  either  thrown 
out  oi  eniplovmcnt  or  forced  to  accept  low  wages,  they  are  the 
losers  bv  the  whole  transaction. 

LT).  1'lie  only  condition  which  contains  the  elements  of  staliility 
and  permanent  satisfaction  is  that  in  which  both  employer  j 
ein|)lovccs  iU'c  (loinc;  as  well  or  better  tlian  their  competitors  are 
likely  to  do,  and  tliis  in  ninc^  cases  ont  of  ten  means  high  wag(  s 
and  lo^'  lahnr  cost,  and  botli  ]>arties  should  be  equally  anxious 
for  tl  ("SO  conditions   to  })r(»vail.      With   them  the  employer  can 
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hold  his  own  with  liis  competitors  at  all  times  and  secure  sufficient 
work  to  keep  his  men  busy  even  in  dull  times.  Without  them 
both  parties  may  do  well  enough  in  busy  times,  but  both  parties 
are  likely  to  suffer  when  work  becomes  scarce. 

26.  The  possibility  of  coupling  high  wages  with  a  low  labor  cost 
rests  mainly  upon  the  enormous  difference  between  the  amount 
of  work  which  a  first-class  man  can  do  under  favorable  circum- 
stances and  the  work  which  is  actually  done  by  the  average  man. 

27.  That  there  is  a  difference  between  the  average  and  the  first- 
class  man  is  known  to  all  employers,  but  that  the  first-class 
man  can  do. in  most  cases  from  two  to  four  times  as  much  as  is 
done  on  an  average  is  known  to  but  few,  and  is  fully  realized 
only  by  those  w^ho  have  made  a  thorough  and  scientific  study  of 
the  possibilities  of  men. 

28.  The  writer  has  found  this  enormous  difference  between  the 
first-class  and  average  man  to  exist  in  all  of  the  trades  and 
branches  of  labor  which  he  has  investigated,  and  this  covers  a 
large  field,  as  he,  together  with  several  of  his  friends,  have  been 
engaged  with  more  than  usual  opportunities  for  twenty  years 
past  in  carefully  and  systematically  studying  this  subject. 

20.  This  fact  is  as  little  realized  by  the  workmen  themselves  as 
by  their  employers.  The  first-class  men  know  that  they  can 
do  more  work  than  th(^  average,  but  thev  have  rarely  made  any 
careful  study  of  tho  matter.  And  the  writer  has  over  and  over 
again  found  them  utterly  incredulous  when  he  infonned  them, 
after  close  observation  and  study,  how  much  they  were  able  to 
do.  In  fact,  in  most  cases  when  first  told  that  they  are  able  to 
do  two  or  three  times  as  much  as  they  have  don(*  they  take  it  as 
a  joke  and  will  not  believe  that  one  is  in  earnest. 

30.  It  must  be  <listiiK-tly  understood  that  in  r(»ferring  to  the 
possibilities  of  a  tirst-ciass  man  tlie  writer  (hx's  not  mean  what  he 
can  do  when  on  a  s])urt  or  when  he  is  over-exerting  himself,  but 
what  a  good  man  ciin  keep  up  fnr  a  Umii  term  of  years  without 
injury  to  his  lirjdtli,  and  hrcoiiie  hapjjicr  and  thrive  under. 

31.  The  sccniid  and  cquallx'  interesting  fact  upon  which  the  pos- 
sibility of  coupling  high  wnizcs  vitli  low  lal)or  cost  rests,  is  that 
first-class  men  arc  not  oidy  willing  but  glad  to  work  at  their 
maximum  sjhmmI.  ])rMviding  tluv  arc  |)aid  from  30  to  100  per  cent, 
more  than  the  avenigc  of  their  trade. 

32.  The  exjK'l  perceniage  by  which  the  wages  must  be  increascMl 
in  order  to  make  them  work  to  their  maximum  is  not  a  subject  to 
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be  theorized  over,  settled  by  boards  of  directors  sitting  in  solemn 
conclave,  nor  voted  upon  by  trades  unions.  It  is  a  fact  inherent 
in  huQian  nature  and  has  only  been  determined  through  the  slow 
and  difficult  process  of  trial  and  error. 

33.  The  writer  has  found,  for  example,  after  making  many  mis- 
takes above  and  below  the  proper  mark,  that  to  get  the  maximum 
output  for  ordinary  shop  work  requiring  neither  especial  brains, 
very  close  application,  skill,  nor  extra  hard  work,  such,  for  in- 
stance, as  the  more  ordinary  kinds  of  routine  machine  shop  work, 
it  is  necessary  to  pay  about  30  per  cent,  more  than  the  average. 
For  ordinary  day  labor  requiring  little  brains  or  special  skill, 
but  calling  for  strength,  severe  bodily  exertion  and  fatigue,  it  is 
necessary  to  pay  from  60  per  cent,  to  60  per  cent,  above  the 
average.  For  work  requiring  especial  skill  or  brains,  coupled 
with  close  application  but  without  severe  bodily  exertion,  such 
as  the  more  difficult  and  delicate  machinist's  work,  from  70  per 
cent,  to  80  per  cent,  beyond  the  average.  And  for  work  requir- 
ing skill,  brains,  close  application,  strength  and  severe  bodily 
exertion,  such,  for  instance,  as  that  involved  in  running  a  well 
run  steam  hammer  doing  miscellaneous  work,  from  80  per  cent, 
to  100  per  cent,  beyond  the  average. 

34.  There  are  plenty  of  good  men  ready  to  do  their  best  for  the 
above  percentages  of  increase,  but  if  the  endeavor  is  made  to  get 
the  right  men  to  work  at  this  maximum  for  less  than  the  above 
increase,  it  will  be  found  that  most  of  them  will  prefer  their  old 
rate  of  speed  with  the  lower  pay.  After  trying  the  high  speed 
piece  work  for  a  while  they  will  one  after  another  throw  up  their 
jobs  and  return  to  the  old  day  work  conditions.  Men  will  not 
work  at  their  best  unless  assured  a  good  liberal  increase,  which 
must  be  permanent. 

35.  It  is  the  writer's  judgment,  on  the  other  hand,  that  for  their 
own  good  it  is  as  important  that  workmen  should  not  be  very 
much  over-paid,  as  it  is  that  they  should  not  be  under-paid.  If 
over-paid,  many  will  work  irregularly  and  tend  to  become  more 
or  less  shiftless,  extravagant  and  dissipated.  It  does  not  do  for 
most  men  to  get  rich  too  fast.  The  writer's  observation,  however, 
would  lead  him  to  the  conclusion  that  most  men  tend  to  become 
more  instead  of  less  thrifty  when  they  receive  the  proper  increase 
for  an  extra  hard  day's  work,  as,  for  example,  the  percentages  of 
increase  referred  to  above.  They  live  rather  better,  begin  to 
save  money,  become  more  sober,  and  work  more  steadily.     And 
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L^QiSb  certainly  forms  one  of  the  strongest  reasons  for  advocating 
ihia  type  of  management 

36.  In  referring  to  high  wages  and  low  labor  cost  as  funda- 
mental in  good  management,  the  writer  is  most  desirous  not  to  be 
misunderstood, 

37.  By  high  wages  he  means  wages  which  are  high  only  with 
relation  to  the  average  of  the  class  to  which  the  man  belongs  and 
which  are  paid  only  to  those  who  do  much  more  or  better  wnrk 
than  the  average  of  their  class.  He  would  not  for  an  instant  tidvo- 
cate  the  use  of  a  high-prieed  tradesman  to  do  the  work  whieh  eouhl 
be  done  by  a  traine<l  laborer  or  a  lower-priced  man.  No  one  wmdd 
thmk  of  using  a  fine  trotter  to  draw  a  grocery  wagon  nor  a  Per- 
cheron  to  do  the  work  of  a  little  mule.  No  more  should  a 
mechanic  be  allowed  to  do  work  for  Mdiieii  a  trained  laborer  can 
be  usedj  and  the  writer  goes  so  far  as  to  say  that  almost  any  job 
that  is  repeated  over  and  over  again^  however  great  skill  and 
dexterity  it  may  require,  providing  there  is  enough  of  it  to 
occupy  a  man  throughout  a  considerable  part  of  the  year^  should 
be  done  by  a  trained  laborer  and  not  by  a  mechanic.  A  man 
with  only  the  intelligence  of  an  average  lab<:»rer  can  be  taught  to 
do  the  most  difficult  and  delicate  work  if  it  is  repeated  enough 
times;  and  his  lower  mental  calibre  renders  him  more  fit  than  the 
mechanic  to  stand  the  monotony  of  repetition.  It  would  seem 
to  he  the  duty  of  employers^  therefore,  both  in  their  own  interest 
and  that  of  their  employees  to  see  that  each  workman  is  given 
as  far  as  possible  the  highest  class  of  work  for  which  his  brains 
and  physique  fit  him.  A  man,  however,  whose  mental  calibre 
and  education  do  not  fit  liim  to  become  a  good  mechanic  (and 
that  grade  of  man  is  the  one  referred  to  as  belonging  to  the 
'*  laboring  class  ^*)»  when  he  is  trained  to  do  some  few  esi>ecial 
jobs,  which  were  formerly  done  by  mechanics,  should  not  expect 
to  be  paid  the  wages  of  a  mechanic.     He  should  get  more  than 

[the  average  laborer,  but  less  than  a  mechanic;  thus  insuring  high 
f "wages  to  the  workman,  and  low  labor  cost  to  the  employer,  and 

in  this  way  making  it  most  apparent  to  both  that  their  interests 

are  mutual 

38.  To  summarize,  then,  what  should  be  aimed  at  in  all  eatab- 
lishmenta  is : 

1.  That  each  workman  should  be  given  as  far  as  possible  the 

highest  grade  of  work  for  which  hig  ability  and  physique  fit  him. 

3.  Each  w^orkman  should  be  called  upon  to  turn  out  the  maxi- 
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mum  work  which  a  first-rate  man  of  his  class  can  do  and  thrive 
under. 

3.  Each  workman,  when  he  works  at  the  best  pace  of  a  first- 
class  man,  should  be  paid  from  30  per  cent,  to  100  per  cent., 
according  to  the  nature  of  the  work  which  he  does,  beyond  the 
average  of  his  class. 

39.  And  this  means  high  wages  and  a  low  labor  cost.  These  con- 
ditions not  only  serve  the  best  interests  of  the  employer,  but  they 
tend  to  raise  each  workman  to  the  highest  level  which  he  is  fitted 
to  attain  by  making  him  use  his  best  faculties,  forcing  him  to 
become  and  remain  ambitious  and  energetic,  and  giving  him  suf- 
ficient pay  to  live  better  than  in  the  past. 

40.  Under  them  the  writer  has  seen  many  first-class  men  devel- 
oped who  otherwise  would  have  remained  second  or  third  class  all 
of  their  lives. 

41.  Is  not  the  presence  or  absence  of  these  conditions  the  best 
indication  that  any  system  of  management  is  either  well  or  badly 
applied  ?  And  in  considering  the  relative  merits  of  different  types 
of  management,  is  not  that  system  the  best  which  will  establish 
these  conditions  with  the  greatest  certainty,  precision  and  speed  ? 

42.  In  comparing  the  management  of  manufacturing  and  engi- 
neering companies  by  this  standard,  it  is  surprising  to  see  how 
far  they  fall  short.  Few  of  those  which  are  best  organized  have 
attained  even  approximately  the  maximum  output  of  first-class 
men. 

43.  Many  of  them  are  paying  much  higher  prices  per  piece  than 
are  required  to  secure  the  maximum  product;  while  owing  to  a 
bad  system,  lack  of  exact  knowledge  of  the  time  required  to  do 
work,  and  mutual  suspicion  and  misunderstanding  between  em- 
ployers and  men,  the  output  per  man  is  so  small  that  the  men  re- 
ceive little  if  any  more  than  average  wages,  both  sides  being  evi- 
dently the  losers  thereby. 

44.  The  chief  causes  whicli  produce  this  loss  to  both  parties 
are:  First,  and  by  far  the  most  important:  The  profound  igno- 
rance of  employers  and  their  foremen  as  to  the  time  in  which 
various  kinds  of  work  should  be  done  (and  this  ignorance  is  shared 
largely  by  the  workmen). 

Second:  Their  indifference  and  ignorance  as  to  the  proper 
system  to  adopt  and  the  method  of  applying  it,  and  as  to  the 
individual  character,  worth,   and  welfare,  of  their  men. 

45.  On  the  part  of  the  men  the  greatest  obstacle  to  the  attain- 
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meiit  of  tills  standard  is  the  slow  pace  which  they  adopt,  or  the 
loafing,  soldiGring  or  marking  timej  as  it  is  called. 

46.  This  loafing  or  soldiering  proceeds  from  two  causes.  First, 
from  the  natural  instinct  and  tendency  of  men  to  take  it  easy, 
which  may  be  called  natural  soldiering,  Second^  frojn  more 
intricate  second  thought  and  reasoning  caused  by  their  relations 
with  other  men,  which  may  be  called  systematic  soldiering. 

47»  There  is  no  question  that  the  tendency  of  the  average  man 
fin  all  walks  of  life)  is  toward  working  at  a  slow,  easy  gait,  and 
that  it  is  only  after  a  good  deal  of  thought  and  observation  on 
his  part  or  as  a  result  of  example,  conscience,  or  external  pres- 
sure that  he  takes  a  more  rapid  pace* 

48»  There  are,  of  course,  men  of  unusual  energy^  vitality  and 
ambition  who  naturally  choose  the  fastest  gait,  set  up  their  own 
standards^  and  who  will  work  hard,  even  though  it  may  be  against 
their  best  interests.  But  these  few  uncommon  men  only  serve 
by  forming  a  contrast  to  emphasize  the  tendency  of  the  average* 

40,  This  common  tendency  to  "  take  it  easy  "  is  greatly  in- 
creased by  bringing  a  number  of  men  together  on  similar  work 
and  at  a  uniform  standard  rate  of  pay  by  the  day; 

50*  Under  this  plan  the  better  men  gradually  but  surely  slow 
down  their  gait  to  that  of  the  poorest  and  least  efficient  When  a 
naturally  energetic  man  w-orks  for  a  few  days  beside  a  lazy  one, 
the  logic  of  the  situation  is  unanswerable,  ^'  Why  should  I  work 
hard  wlien  that  lazy  fellow  gets  the  same  pay  that  I  do  and  does 
only  half  as  much  work? " 

51.  A  careful  time  study  of  men  working  under  these  condi- 
tions will  disclose  facts  which  are  ludicrous  as  well  as  pitiable. 

52.  To  illustrate:  The  writer  has  timed  a  naturally  energetic 
workman  who,  while  going  and  coming  from  work,  would  walk  at 
a  speed  of  from  three  to  four  miles  per  hour,  and  not  infrequently 
trot  home  after  a  day's  work.  On  arriving  at  his  work  he 
would  immediately  slow  down  to  a  speed  of  about  one  mile  an 
hour*  When,  for  example,  wheeling  a  loaded  wheelbarrow^  he 
would  go  at  a  good  fast  pace  even  up  hill  in  order  to  be  as  short 
a  time  as  possible  under  load,  and  immediately  on  the  return  walk 
slow  down  to  a  mile  an  hour*  improving  every  opportunity  for 
delay  short  of  actually  sitting  down.  In  order  to  be  sure  not  to 
do  more  than  his  lazy  neighbor,  he  would  actually  tire  himself  in 
liis  effort  to  go  slow. 

53.  These  men  were  working  under  a  foreman  of  good  reputa- 
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tion  and  highly  thought  of  by  his  employer,  who,  when  his  atten- 
tion was  called  to  this  state  of  things,  answered :  "  Well,  I  can 
keep  them  from  sitting  down  but  the  devil  can't  make  them  get 
a  move  on  while  they  are  at  work." 

54.  The  natural  laziness  of  men  is  serious,  but  by  far  the  great- 
est evil  from  which  both  workmen  and  employers  are  suffering  is 
the  systematic  soldieri^ig  which  is  almost  universal  under  all  of 
the  ordinary  schemes  of  management  and  which  results  from  a 
careful  study  on  the  part  of  the  workmen  of  what  will  promote 
their  best  interests. 

55.  The  writer  was  much  interested  recently  in  hearing  one 
small  but  experienced  golf  caddy  boy  of  twelve  explaining  to  a 
green  caddy  who  had  shown  special  energy  and  interest,  the  neces- 
sity of  going  slow  and  lagging  behind  his  man  when  he  came  up  to  . 
the  ball,  showing  him  that  since  they  were  paid  by  the  hour,  the 
faster  they  went  the  less  money  they  got,  and  finally  telling  him 
that  if  he  went  too  fast  the  other  boys  would  give  him  a  licking. 

56.  This  represents  a  type  of  systematic  soldiering  which  is  not, 
however,  very  serious,  sinre  it  is  done  with  the  knowledge  of  the 
employer,  who  can  quite  easily  break  it  up  if  he  wishes. 

57.  The  greater  part  of  the  systematic  soldiering^  however,  is 
done  by  the  men  with  the  deliberate  object  of  keeping  their  em- 
ployers ignorant  of  how  fast  work  can  be  done. 

58.  So  universal  is  soldiering  for  this  purpose,  that  hardly  a 
competent  workman  can  be  found  in  a  large  establishment, 
whether  he  works  bv  the  day  or  on  piece  work,  contract  work  or 
under  any  of  the  ordinary  systems,  who  does  not  devote  a  consider- 
able part  of  his  time  to  studying  just  how  slow  he  can  work  and 
still  convince  his  employer  that  he  is  going  at  a  good  pace.    • 

59.  The  causes  for  this  arc,  briefly,  that  practically  all  employ- 
ers determine  upon  a  maximum  sum  whicli  they  feel  it  is  right  for 
each  of  their  classes  of  employees  to  earn  per  day,  whether  their 
men  work  by  the  day  or  piece. 

60.  Each  workman  soon  finds  out  about  what  this  figure  is  for 
his  particular  case,  and  he  also  realizes  that  when  his  employer  is 
convinced  that  a  man  is  capable  of  doing  more  work  than  he  has 
done,  he  will  find  sooner  or  later  some  way  of  compelling  him  to 
do  it  with  little  or  no  increase  of  pay. 

61.  EmploytTs  derive  tlieir  knowleHcre  of  liow  much  of  a  given 
class  of  work  can  be  done  in  a  day  from  oitlier  tlioir  own  experi- 
ence, which  has  frequ(^ntly  grown  hazy  with  age,  from  casual  and 
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unsystematie  observation  of  tlicir  men,  or  at  best  irom  records 
which  are  kept,  showing  the  quickest  time  in  which  each  job  ha? 
beeti  done.  In  many  cases  the  emplojer  will  feel  almost  certain 
that  a  given  job  can  be  done  faster  than  it  has  been,  but  he  rarely 
cares  to  take  the  drastic  Dieasures  necessary  to  force  men  to  do 
it  in  the  quickest  time^  unless  he  has  an  actual  record  proving  con- 
clusively how  fast  the  work  can  be  done. 

63.  It  evidently  becomes  for  each  man's  interest,  then,  to  see 
that  no  job  is  done  faster  than  it  has  been  in  the  past  The 
younger  and  less  experienced  men  are  taught  this  by  their  elders, 
and  all  possible  pt^rsnasion  and  social  pressure  is  brought  to  bear 
upon  the  gTeedy  and  selfish  men  to  keep  thcni  from  making  new 
records  which  result  in  temporarily  increasing  their  wages,  while 
all  those  who  come  after  them  are  made  to  work  harder  for  the 
same  old  pay. 

03.  Under  the  best  day  work  of  the  ordinary  type,  when  accu- 
rate reeords  are  kept  of  tlio  auiount  of  work  done  by  each  man  and 
of  his  efiieieacy,  and  when  each  nmn's  wages  are  raised  as  he  im- 
proTeSj  and  those  who  fail  to  rise  to  a  certain  standard  are  dis- 
charged and  a  fresh  supply  of  carefully  selected  men  are  given 
work  in  their  places^  both  the  natural  loafing  and  systematic 
sohJiering  can  be  largely  broken  up.  This  can  only  be  done,  how- 
ever, wlien  the  men  are  thoroughly  convinced  that  there  is  no 
intention  of  establishing  piece  work  even  in  the  remote  future, 
and  it  is  next  to  impossible  to  make  men  believe  this  when  the 
w^ork  is  of  such  a  nature  that  they  believe  piece  work  to  be  practi- 
cable. In  most  cases  their  fear  of  making  a  record  which  will  be 
need  as  a  basis  for  piece  work  will  cause  them  to  soldier  as  much 
[AS  they  dare. 

64.  It  is,  however,  under  pieee  work  that  the  art  of  systematic 
soldiering  is  thoroughly  developed;  after  a  workman  has  had  the 
price  per  piece  of  the  work  he  Is  doing  lowered  two  or  three  times 

^pLB  a  result  of  his  having  w*orked  harder  and  increased  his  output, 
ie  is  likely  to  entirely  lose  sight  of  liis  cinployer's  side  of  the  c^se 
and  become  imbued  with  a  grim  determination  to  have  no  more 
cuts  if  soldiering  can  prevent  it.  Unfortunately  for  the  char- 
acter of  the  workman,  soldiering  involves  a  deliberate  attempt  to 
mislead  and  deceive  his  employer,  and  thus  upright  and  straight- 
forward workmen  are  compelled  to  become  more  or  less  hypo- 
critical. The  employer  is  socn  looked  upon  as  an  antagonist,  if 
not  an  enemy,  and  the  mutual  confidence  which  should  exist 
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between  a  leader  and  his  men,  the  enthoriasm^  the  feeling  that 
they  are  all  working  for  the  same  end  and  will  share  in  the 
results,  18  entirely  lacking. 

65.  The  feeling  of  antagonism  under  the  ordinary  piece  work 
system  becomes  in  many  cases  so  marked  on  the  part  of  the  men, 
that  any  proposition  made  by  their  employers,  however  reasonable, 
is  looked  upon  with  suspicion,  and  soldiering  becomes  such  a  fixed 
habit  that  men  will  frequently  take  pains  to  restrict  the  product 
of  machines  which  they  are  running  when  even  a  large  increase 
in  output  would  involve  no  more  work  on  their  part. 

66.  On  work  which  is  repeated  over  and  over  again  and  the  vol- 
ume of  which  is  sufficient  to  permit  it,  the  plan  of  making  a  con- 
tract with  a  competent  workman  to  do  a  certain  class  of  work  and 
allowing  him  to  employ  his  own  men  subject  to  strict  limitations, 
is  suocessftd. 

67.  As  a  rule,  the  fewer  the  men  employed  by  the  contractor 
and  the  smaller  the  variety  of  the  work,  the  greater  will  be  the 
success  under  the  contract  system,  the  reason  for  this  being  that 
the  contractor,  under  the  spur  of  financial  necessity,  makes  person- 
ally so  close  a  study  of  the  quickest  time  in  which  the  work  can 
be  done,  that  soldiering  on  the  part  of  his  men  becomes  difficult 
nnd  tlu^  best  of  them  teach  laborers  or  lower-priced  helpers  to  do 
th(^  work  formerly  done  by  mechanics. 

08.  T\w  obj(^ctions  to  the  contract  system  are  that  the  machine 
tools  us(mI  by  tho  contractor  are  apt  to  deteriorate  rapidly,  his 
chii^f  int(T(^st  being  to  get  a  large  output,  whether  the  tools  are 
properly  cared  for  or  not,  and  that  through  the  ignorance  and 
inoxporienco  of  tho  contractor  in  handling  men,  his  employees 
are  frequently  unjustly  treated. 

()J>.  Those  disadvantages  are,  however,  more  than  counterbal- 
juieod  bv  the  comparative  absence  of  soldiering  on  the  part  of  the 
moil. 

70.  Tlio  greatest  objection  to  this  system  is  the  soldiering  which 
tho  oontraotor  liimsolf  does  in  many  eases,  so  as  to  secure  a^good 
prioo  for  his  next  contract. 

71.  It  is  not  at  oil  unusual  for  a  contractor  to  restrict  the  output 
of  liis  (uvn  mon  and  to  rrfuso  to  adopt  improvements  in  machines, 
applianoos,  (M*  inotli(^ds  while  in  tho  midst  of  a  contract,  knowing 
that  his  noxt  o(Uitra(»t  price  will  bo  lowered  in  direct  proportion 
U>  the  profits  which  ho  has  made  and  the  improvements  intio- 
ducoil. 
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72.  Under  the  contract  system,  liowever,  tlie  relations  between 
employers  and  men  are  mucli  more  agi^eeable  and  normal  than 
under  piece  work,  and  it  is  to  be  regretted  that  owing  to  the 
nature  of  the  work  done  in  most  shops  this  system  is  not  piore 
generally  applicable. 

The  writer  quotes  as  follows  from  hie  paper  on  '■  A  Piece  Rate 
System  '* : 

73-  "  Cooperation 5  or  profit  sharing,  has  entered  the  mind  of 
every  student  of  the  subject  as  one  of  the  possible  and  most  at- 
tractive solutions  of  the  problem;  and  there  have  been  certain 
instances,  both  in  England  and  France,  of  at  least  a  partial  suc- 
cess of  cooperative  experiments, 

T4-  So  far  as  I  know,  however,  these  trials  have  been  made 
either  in  small  towns,  remote  from  the  manufacturing  centres,  or 
in  industries  which  in  many  respects  are  not  subject  to  ordinary 
manufacturing  conditions, 

75.  Cooperative  experiments  have  failed,  and,  I  thinkj  are 
generally  destined  to  fail,  for  several  reasons^  the  first  and  most 
important  of  which  is,  that  no  form  of  cooperation  has  yet  been 
devised  in  which  each  individual  is  allowed  free  scope  for  his  per- 
sonal ambition*  Personal  ambition  always  has  been  and  will  re- 
main a  more  powerful  incentive  to  exertion  than  a  desire  for  the 
general  welfare.  The  few  misplaced  drones,  who  do  the  loafing 
and  sharp  equally  in  the  pfofits  with  the  rest,  under  cooperation 
are  sure  to  drag  the  better  men  down  toward  their  leveL 

76,  The  second  and  almost  equally  strong  reason  for  failure 
lies  in  the  remoteness  of  the  reward.  The  average  workman  (I 
don- 1  say  all  men)  cannot  look  forward  to  a  profit  which  is  six 
months  or  a  year  away-  The  nice  time  which  they  are  sure  to 
have  to-day,  if  they  take  things  easily,  proves  more  attractive  than 
hard  work,  with  a  possible  reward  to  be  shared  with  others  six 
months  later* 

77,  Other  and  formidable  difficulties  in  the  path  of  coop* 
eration  are,  the  equitable  division  of  the  profits,  and  the  fact  that, 
while  workmen  are  always  ready  to  share  the  profitSj  they  are 
neither  able  nor  willing  to  share  the  losses.  Further  than  this, 
in  many  eases,  it  is  neither  right  nor  just  that  they  should  share 
either  in  the  profits  or  the  losses,  since  these  may  be  due  in  great 
part  to  causes  entirely  beyond  their  influence  or  control,  and  to 
which  they  do  not  contribute," 

78.  Of  all  the  ordinary  systems  of  management  in  use  (in  which 
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no  accurate  scientific  study  of  the  time  problem  is  undertaken, 
and  no  carefully  measured  tasks  are  assigned  to  the  men  which 
must  be  accomplished  in  a  given  time),  the  best  is  the  plan  funda- 
mentally originated  by  Mr.  Henry  R.  Towne,  and  improved  and 
made  practical  by  Mr.  F.  A.  Halsey.  This  plan  is  described  in 
papers  read  by  Mr.  Towjie  before  this  Society  in  1886,  and  by 
Mr.  Halsey  in  1891,  and  has  since  been  criticised  and  ably  de- 
fended in  a  series  of  articles  appearing  in  the  American  Ma- 
chinist. 

79.  The  Towne-Halsey  plan  consists  in  recording  the  quickest 
time  in  which  a  job  has  been  done,  and  fixing  this  as  a  standard. 
If  the  workman  succeeds  in  doing  the  job  in  a  shorter  time,  he  is 
still  paid  his  same  wages  per  hour  for  the  time  he  works  on  the  job, 
and  in  addition  is  given  a  premium  for  having  worked  faster,  con- 
sisting of  from  one-quarter  to  one-half  the  difference  between  the 
wages  earned  and  the  wages  originally  paid  when  the  job  was 
done  in  standard  time.  Mr.  Halsey  recommends  the  payment  of 
one-third  of  the  difference  as  the  best  premium  for  most  cases. 
The  difference  between  this  system  and  ordinary  piece  work  is 
that  the  workman  on  piece  work  gets  the  whole  of  the  difference 
between  the  actual  time  of  a  job  and  the  standard  time,  while 
under  the  Towne-Halsey  plan  he  gets  only  a  fraction  of  this 
difference. 

80.  It  is  not  unusual  to  hear  the  Towne-Halsey  plan  referred  to 
as  practically  the  same  as  piece  work.  This  is  far  from  the 
truth,  for  while  the  difference  between  the  two  does  not  appear 
to  a  casual  observer  to  be  great,  and  the  general  principles  of 
the  two  seem  to  be  the  same,  still  we  all  know  that  success  or 
failure  in  many  cases  hinges  upon  small  differences. 

81.  In  the  writer's  judgment,  the  Towne-Halsey  plan  is  a  great 
invention,  and,  like  many  other  great  inventions,  its  value  lies  in 
its  simplicity. 

82.  This  plan  has  already  been  successfully  adopted  by  a  large 
number  of  establishments,  and  has  resulted  in  giving  higher 
wages  to  many  workmen,  accompanied  by  a  lower  labor  cost  to 
the  employer,  and  at  the  same  time  materially  improving  their 
relations  by  lessening  the  feeling  of  antagonism  between  the 
two. 

83.  This  system  is  successful  because  it  diminishes  soldiering. 
and  this  rests  cmtirely  upon  the  fact  that  since  the  workman  only 
receives  say  one-third  of  the  increase  in  pay  that,  he  would  get 
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tinder  corTr!!;pOTif]iTi^  rnnditions  on  piece  work^  there  is  not  the 
game  ttnuptatifm  far  tlie  empL>yer  to  eiit  prices, 

84,  After  this  system  has  been  in  operation  for  a  year  or  two,  if 
no  cuts  in  prices  ha%*e  been  made,  the  tendency  of  the  men  to  sol- 
dier on  that  portion  of  the  work  which  is  being  done  under  the 
system  is  diminished ,  although  it  does  not  entirely  cease.  On  the 
other  hand,  the  tendency  of  the  men  to  soldier  on  new  work  which 
IB  startedj  and  on  such  portions  as  are  still  done  on  day  work*  is 
even  greater  under  the  Towne-Hakey  plan  than  under  piece  work. 

85,  To  illustrate:  Workmen,  like  the  rest  of  mankind,  are  more 
strongly  influenced  by  object  lessons  than  by  theories,  The  effect 
on  men  of  such  an  object  lesson  as  the  following  will  be  apparent* 
Suppose  that  two  men  are  at  work  by  the  day  and  receive  the 
same  pay,  say  20  cents  per  hour;  Smart  and  Honest,  Each  of 
these  men  is  given  a  new  piece  of  work  which  could  be  done  in 
one  hour.  Smart  does  his  job  in  four  hours  (and  it  is  by  no  means 
unusual  for  men  to  soldier  to  this  extent)*  Honest  does  his  in  one 
and  one-half  hours. 

86,  NoWj  when  these  two  jobs  start  on  this  basis  under  the 

TownC'Hakey  plan  and  are  ultimately  done  in  one  hour  each, 

Smart  receiires  for  bis  job  20  cents  per  hour  +  a  premium  of 

fin 

—  =  20  cents  =  a  t4jtul  of  ^0  cents.      Honest  receives  for  bis  job 

20  cents  par  hour  H-  a  premium  of  -^   =  31  cents  =  a  total  of^S^ 

87,  Moat  of  the  men  in  the  shop  will  follow  the  example  of 
Smart  rather  than  that  of  Honest  and  w^ll  '^  soldier  *^  to  the  extent 
of  three  or  four  hundred  per  cent,  if  allowed  to  do  so* 

SS.  The  Towne-Halsey  system  shares  with  ordinary  piece  work 
then»  the  greatest'  evil  of  tlie  latter,  namely,  that  its  very  founda- 
tion rests  upon  deceit,  and  under  both  of  these  systems  there  is 
necesaarily,  as  we  have  seen,  a  great  lack  of  justice  and  equality 
in  the  starting-point  of  different  jobs, 

89.  Some  of  the  rates  will  have  resulted  from  records  obtained 
when  a  first-class  man  was  working  close  to  his  maximum  speedy 
while  others  will  be  baaed  on  the  performance  of  a  poor  man  at 
one-thfrd  or  one-quarter  speed, 

liO.  The  injustice  of  the  very  foundation  of  the  system  is  thus 
forced  upon  the  workman  every  day  of  his  life,  and  no  man,  how- 
ever kindly  disposed  he  nmy  be  toward  bis  employer,  can  fail  to 
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resent  this  and  be  seriously  influenced  by  it  in  his  work.  These 
systems  are,  therefore,  of  necessity  slow  and  irregular  in  their 
operation  in  reducing  costs.  They  drift  gradually  toward  an  in- 
creased output,  but  under  them  the  attainment  of  the  maximum 
output  of  a  first-class  man  is  almost  impossible. 

91.  The  writer  has  seen  many  jobs  successfully  nursed  in  sev- 
eral of  our  large  and  well  managed  establishments  imder  these 
drifting  systems,  for  a  term  of  ten  to  fifteen  years,  at  from  one- 
third  to  one-quarter  speed.  The  workmen,  in  the  meanwhile,  ap- 
parently enjoyed  the  confidence  of  their  employers,  and  in  many 
cases  the  employers  not  only  suspected  the  deceit,  but  felt  quite 
sure  of  it. 

92.  The  great  defect,  then,  common  to  all  the  ordinary  systems 
of  management  (including  the  Towne-Halsey  system,  the  best 
of  this  class),  is  that  their  starting-point,  their  very  foundation, 
rests  upon  ignorance  and  deceit,  and  that  throughout  their  whole 
course  in  the  one  element  which  is  most  vital  both  to  employer 
and  workmen,  namely,  the  speed  at  which  work  is  done,  they 
are  allowed  to  drift  instead  of  being  intelligently  directed  and 
controlled. 

93.  The  writer  has  found,  through  an  experience  of  twenty 
years,  covering  a  large  variety  in  manufactures,  as  well  as  in  the 
building  trades,  structural  and  engineering  work,  that  it  is  not  only 
practicable  but  comparatively  easy  to  obtain  through  a  system- 
atic and  scientific  time  study,  exact  information  as  to  how  much 
of  any  given  kind  of  work  either  a  first-class  or  an  average  man 
can  do  in  a  day,  and  with  this  information  as  a  foundation,  he  has 
over  and  over  again  seen  the  fact  demonstrated  that  workmen  of 

•all  classes  are  not  only  willing,  but  glad  to  give  up  all  idea  of  sol- 
diering, and  devote  all  of  their  energies  to  turning  out  the  maxi- 
mum work  possible,  providing  they  are  sure  of  a  suitable  per- 
manent reward. 

94.  With  accurate  time  knowledge  as  a  basis,  surprisingly  large 
results  can  be  obtained  under  any  scheme  of  management  from 
day  work  up;  there  is  no  question  that  even  ordinary  day  work 
resting  upon  this  foundation  will  give  greater  satisfaction  than 
any  of  the  systems  in  common  use,  standing  as  they  do  upon 
soldiering  as  a  basis. 

95.  To  many  of  the  readers  of  this  paper  both  the  fundamental 
objects  to  be  aimed  at,  namely,  high  wages  with  low  labor  oobt, 
and  the  means  advocated  by  the  writer  for  attaining  this  end; 
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namely,  accurate  time  study,  will  appear  so  theoretical  imd  so  far 
outside  o£  the  range  of  their  personal  observation  and  experience 
that  it  would  seem  desirable^  before  proceeding  fartlier,  to  give  a 
brief  illustration  of  what  has  been  accomplished  in  this  Hue. 

96.  The  writer  chooses  from  among  a  large  variety  of  trades  to 
which  these  principles  have  been  applied,  the  yard  labor  handling 
raw  materialB  la  the  works  of  the  Bethlehem  Steel  Company  at 
^fiouth  Bethlehem^  Pa.,  not  because  the  results  attained  there  have 
een  greater  than  in  many  other  instances^  but  because  the  ease  is 
so  elementary  that  the  results  are  evidently  due  to  no  other 
cause  than  thorough  time  study  as  a  basis,  followed  by  the  appli- 
cation of  a  few  simple  principles  with  which  all  of  ua  are  familiar* 

97-  In  almost  all  of  the  other  more  complicated  cases  the  large 
increase  in  output  is  due  partly  to  the  actual  physical  changes, 
either  in  the  machines  or  small  tools  and  appliances^  which  a  pre- 
liminary time  study  almost  always  shows  to  be  necessary,  so  that 
for  pur])oses  of  illustration  the  simple  ease  chosen  is  the  better, 
although  the  gain  made  in  the  more  comi>lieated  cases  is  none 
the  less  legitimately  due  to  the  system. 

98.  tJp  to  the  spring  of  the  year  1809^  all  of  the  materials  in 
the  yard  of  the  Bethlehem  Steel  Company  had  bcpn  handled  by 
gangs  of  men  working  by  the  day,  and  under  the  foremanship  of 
men  who  had  themselves  formerly  w^orked  at  similar  work  as 
laborers.  Their  management  was-fAout  as  good  as  the  average 
of  siuiilar  work,  although  it  was  V^ad,  alt  of  the  men  being  paid 
the  ruling  wages  of  laborers  in  this  section  of  th©  country, 
namely,  $L15  per  day.  the  only  means  of  encouraging  or  dis- 
ciplining them  being  either  talking  to  them  or  discharging  them; 
occasionally,  however,  a  man  was  selected  from  among  these  men 
and  given  a  better  class  of  work  with  slightly  higher  wages  in 
some  of  the  compan^ies^  shopa,  and  this  had  the  effect  of  slightly 
stimulating  them.  From  four  to  six  hundred  men  were  em- 
ployed on  this  class  of  work  througliont  the  year. 

99*  The  work  of  these  men  consisted  mainly  of  unloading  from 
railway  cars  and  sliovelling  on  to  piles,  and  from  these  piles  again 
loading  as  required^  the  raw  materials  used  in  nmmng  three 
blast  furnaces  and  seven  large  open-h earth  furnaces,  such  as  ore 
of  various  kinds,  varying  from  fine,  gravelly  ore  to  that  which 
comes  in  large  lumps,  coke,  limestone,  special  pig,  sandj  etc,,  un- 
loading hard  and  soft  coal  for  boilers,  gas-prod  ucerSj  efc*,  and 
also  for  storage  and  again  loading  the  stored  coal  as  required 


1358  SHOP   MANAGEMENT. 

for  use,  loading  the  pig  iron  produced  at  tlie  furnaces  for  shii> 
ment,  for  storage,  and  for  local  use,  and  handling  billets,  etc., 
produced  by  the  rolling  mills.  The  work  covered  a  large  variety 
as  laboring  work  goes,  and  it  was  not  usual  that  a  man  was 
kept  continuously  at  the  same  class  of  work. 

100.  Before  undertaking  the  management  of  these  men,  the 
writer  was  informed  that  they  were  steady  workers,  but  slow  and 
phlegmatic,  and  that  nothing  would  induce  them  to  work  fast. 

101.  His  first  step  was  to  place  an  intelligent,  college-educated 
man  in  charge  of  progress  in  this  line.  This  man  had  not  before 
handled  this  class  of  labor,  although  he  understood  managing 
workmen.  He  was  not  familiar  with  the  methods  pursued  by 
the  writer,  but  was  soon  taught  the  art  of  determining  how  much 
work  a  first-class  man  can  do  in  a  day.  This  was  done  by  timing 
with  a  stop  watch  a  first-class  man  while  he  was  working  fast. 
The  best  way  to  do  this,  in  fact  almost  the  only  way  in  which  the 
timing  can  be  done  with  certainty,  is  to  divide  the  man's  work  into 
its  elements  and  time  each  element  separately.  For  example,  in 
the  case  of  a  man  loading  pig  iron  on  to  a  car,  the  elements  should 
be:  Picking  up  the  pig  from  the  ground  or  pile  (time  in  hun- 
dredths of  a  minute).  Walking  with  it  on  a  level  (time  per  foot 
walked).  Walking  with  it  up  an  incline  to  car  (time  per  foot 
walked).  Throwing  the  pig  down  (time  in  hundredths  of  a 
minute),  or  laying  it  on  a  pile  (time  in  hundredths  of  a  minute). 
Walking  back  empty  to  get  a  Joad  (time  per  foot  walked). 

102.  In  case  of  important  elements  which  were  to  enter  into  a 
number  of  rates,  a  large  number  of  observations  were  taken  when 
practicable  on  different  first-class  men,  and  at  different  times,  and 
they  were  averaged. 

103.  The  most  difficult  elements  to  time  and  decide  upon  in  this, 
as  in  most  cases,  are  the  percentage  of  the  day  required  for  rest, 
and  the  time  to  allow  for  accidental  or  unavoidable  delays. 

104.  In  the  case  of  the  yard  labor  at  Bethlehem,  each  class  of 
work  was  studied  as  above,  each  element  being  timed  separately, 
and  in  addition,  a  record  was  kept  in  many  cases  of  the  total 
amount  of  work  done  bv  the  man  in  a  day.  The  record  of  the 
gross  work  of  the  man  (who  is  being  timed)  is,  in  most  cases,  not 
necessary  after  the  observer  is  skilled  in  his  work.  As  the  Bethle- 
hem time  observer  was  new  to  this  work,  the  gross  time  was  useful 
in  checking  his  detailed  observations  and  so  gradually  educating 
him  and  giving  him  confidence  in  the  new  methods. 
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105,  Tfip  writer  had  so  many  other  duties  that  his  personal  help 
was  contined  to  teaching  the  proper  methods  and  approving  the  do- 
tails  of  the  various  changes  whicli  were  in  all  cases  outlined  in 
written  reports  hefore  being  carried  out. 

»  106.  As  soon  as  a  careful  study  had  been  made  of  the  time  ele- 
ments  entering  into  one  class  of  work,  a  single  first-class  workman 
was  picked  out  and  started  on  ordinary  piece  work  on  this  job. 
HiB  task  required  htm  to  do  bet%vepn  three  and  one-half  jmd  four 
iimes  as  much  work  in  a  day  as  had  been  done  in  the  past  on  an 
average. 

107,  Between  twelvo  and  thirteen  tons  of  pig  iron  per  man  had 
been  carried  from  a  pile  on  the  groundj  up  an  inclined  plank, 
and  loaded  on  to  a  gondola  car  by  the  average  pig  iron  handler 
while  working  by  the  day.  The  men  in  doing  this  work  had 
worked  in  gangs  of  f roni  five  to  twenty  men. 

108,  The  man  selected  from  one  of  these  gangs  to  make  the  first 
fit  art  nnder  the  writer's  system  was  called  upon  to  load  on  piece- 
work from  forty-five  to  forty-eight  tons  (2,240  lbs,  each)  per 
day. 

109,  He  regarded  this  task  as  an  entirely  fair  one,  and  earned  on 
an  average,  from  the  start,  $1.85  per  day,  which  was  60  per  cent, 
more  than  he  had  been  paid  by  the  day.  This  man  happened  to 
be  conaiderably  lighter  than  the  average  good  workman  at  this 
class  of  work.  He  weighed  about  130  pounds.  He  proved, 
however,  to  be  especially  well  suited  to  this  job,  and  was  kept  at 
it  steadily  throughont  the  time  that  the  writer  was  in  Bethlehem, 
and  I  believe  is  still  at  the  same  work, 

110,  Being  the  first  piece  work  started  in  tbe  works,  it  excited 
considerable  oppositionj  both  on  the  part  of  the  workmen  and  of 
several  of  the  leading  men  in  the  town,  their  opposition  being 
based  mainly  on  the  old  fallacy  that  if  piece  work  proved  success* 
ful  a  great  many  men  would  be  thrown  out  of  work,  and  that 
thereby  not  only  the  workmen  but  the  whale  town  would  suffer. 

111,  One  after  another  of  the  new  men  who  were  started  singly 
on  this  job  were  either  persuaded  or  intimidated  into  giving  it  up. 
In  many  cases  they  were  given  other  work  by  those  interested  in 
preventing  piece  work,  at  wages  higher  than  the  ruling  wages, 
Tn  the  meantime,  however,  the  first  man  who  started  on  the  work 
earned  steadily  $1,85  per  day,  and  this  object  lesson  gradually 
wore  out  the  concerted  opposition,  whieli  ceased  rather  suddenly 
after  about  two  and  one-half  months*     From  this  time  on  there 
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was  no  difficulty  in  getting  plenty  of  good  men  who  were  anxious 
to  start  on  piece  work,  and  the  difficulty  lay  in  making  with 
sufficient  rapidity  the  accurate  time  study  of  the  elements  or 
"  unit  times ''  which  forms  the  foundation  of  this  kind  of  piece 
work. 

112.  Throughout  the  introduction  of  piece  work,  when  after  a 
thorough  time  study  a  new  section  of  the  work  was  started,  one 
man  only  was  put  on  each  new  job,  and  not  more  than  one  man 
was  allowed  to  work  at  it  until  he  had  demonstrated  that  the  task 
set  was  a  fair  one  by  earning  an  average  of  $1.85  per  day.  After 
a  few  sections  of  the  work  had  been  started  in  this  way,  the  com- 
plaint on  the  part  of  the  better  workmen  was  that  they  were  not 
allowed  to  go  on  to  piece  work  fast  enough. 

113.  It  required  about  two  years  to  transfer  practically  all  of 
the  yard  labor  from  day  to  piece  work.  And  the  larger  part  of 
the  transfer  was  made  during  the  last  six  months  of  this  time. 

114.  As  stated  above,  the  greater  part  of  the  time  was  taken  up 
in  studying  "  unit  times,^'  and  this  time  study  was  greatly  de- 
layed by  having  successively  the  two  leading  men  who  had  been 
trained  to  the  work,  leave  because  they  were  offered  much  larger 
salaries  elsewhere.  The  study  of  "  unit  times "  for  the  yard 
labor  took  practically  the  time  of  two  trained  men  for  two  years. 
Throughout  this  time  the  day  and  piece  workers  were  under 
entirely  separate  and  distinct  management.  The  original  fore- 
men continued  to  manage  the  day  work,  and  day  and  piece 
workers  were  never  allowed  to  work  together.  Gradually  the 
day  work  gang  was  diminished  and  the  piece  workers  were  in- 
<;reased  as  one  section  of  work  after  another  was  transformed 
from  the  former  to  -the  latter. 

115.  Two  elements  which  were  important  to  the  success  of  this 
work  should  be  noted : 

116.  First,  on  the  morning  following  each  day's  work,  each 
workman  was  given  a-  slip  of  paper  informing  him  in  detail  just 
how  much  work  he  had  done  the  day  before,  and  the  amount  he 
had  earned.  Thus  enabling  him  to  measure  his  performance 
against  his  earnings  while  the  details  were  fresh  in  his  mind. 

117.  Without  this  there  would  have  been  great  dissatisfaction 
among  those  who  failed  to  climb  up  to  the  task  asked  of  them, 
and  many  would  have  gradually  fallen  off  in  their  performance. 

lis.  Second,  wlionover  it  was  practicable,  each  man's  work  was 
measured  by  itself.     Only  when  absolutely  necessary  was  the 
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work  of  two  men  measured  up  together  and  the  price  divided  be- 
tween them,  and  then  care  was  taken  to  select  two  men  of  as 
nearly  as  possible  the  same  capacity. 

119.  Only  on  few  occasions,  and  then  upon  special  permission 
signed  by  the  writer,  were  more  than  two  men  allowed  to  work  on 
gang  work,  dividing  their  earnings  between  them. 

120.  Gang  work  almost  invariably  results  in  a  falling  off  in 
earnings  and  consequent  dissatisfaction. 

121.  An  interesting  illustration  of  the  desirability  of  individual 
piece  work  instead  of  gang  work  came  to  our  attention  at  Bethle- 
hem. Several  of  the  best  piece  workers  among  the  Bethlehem 
yard  laborers  were  informed  by  their  friends  that  a  much  higher 
price  per  ton  was  paid  for  shovelling  ore  in  another  works  than 
the  rate  given  at  Bethlehem.  After  talking  the  matter  over  with 
the  writer  he  advised  them  to  go  to  the  other  works,  which  they 
accordingly  did. 

122.  In  about  a  month  they  were  all  back  at  work  in  Bethlehem 
again,  having  found  that  at  the  other  works  they  were  obliged  to 
work  with  a  gang  of  men  instead  of  on  individual  piece  work, 
and  that  the  rest  of  the  gang  worked  so  slowly  that  in  spite  of 
the  high  price  paid  per  ton  they  earned  much  less  than  at 
Bethlehem. 

123.  The  table  on  next  page  gives  a  summary  of  the  work  done 
by  the  piece  work  laborers  in  handling  raw  materials,  such  as  ores, 
anthracite  and  bituminous  coal,  coke,  pig  iron,  sand,  limestone, 
cinder,  scale,  ashes,  etc.,  in  the  works  of  the  Bethlehem  Steel 
Company,  during  the  year  ending  April  30,  1001.  Tliis  work 
consisted  mainly  in  loading  and  unloading  cars  on  arrival  or 
departure  from  the  works,  and  for  local  transportation,  and  was 
done  entirely  by  hand,  i.e.,  without  the  use  of  cranes  or  other 
machinery. 

124.  The  greater  ])art  of  tlie  credit  for  making  the  accurate 
time  study  and  actually  nianniring  the  men  on  this  work,  should  be 
given  to  Mr.  A.  B.  Wadleigh,  the  writer's  assistant  in  this  sec- 
tion at  that  time. 

125.  When  tin*  writer  left  the  steel  works,  the  Bethlehem  piece 
workers  were  the  finest  body  of  picked  laborers  that  he  has  ever 
seen  together.  They  wore  practically  all  first-class  men  because 
in  each  case  the  task  whicrh  they  were  called  upon  to  perform 
was  such  that  only  a  first-class  man  could  do  it.  The  tasks  were 
all  purposely  made  so  severe  tliat  not  more  than  one  out  of  five 
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Piece  Work-        Day  Work. 


Namber  of  tiniB  (2,240  lb6.  per  too)  bandied  on  piece 
work  daring  the  jear  ending  April  90,  1901 024,O4OiVb 

Total  coKt  of  handling  9Z4,04O^ffif  tona  fnclading  the 
piecf"  work  wages  piud  the  men,  and  in  addition  all 
iocidental  day  labor  osed $30,797.78 

Former  coat  of  handling  the  same  number  of  tons  of 
similar  materials  on  daj  work 


Net  saTiDg  in  handliDg  924,040i\?,/  tons  of  materials*! 
effected  in  one  year  through  sabstitating  piece  work; 
for  day  work $36,417.«0 

Average  cost  for  handling  a  ton  (2,240  lbs.)  on  piece| 
and  day  work 


Average  earnings  per  day,  per  man 

Arenge  number  of  tons  handled  per  day  per  man  , 


$0,038 

^$1.88 

57 


$07,215.47 


$0,072 

$1.15 

16 


The  piece  workers  handled  on  an  average  3/JV  times  as  many  tons  per  man  per 

day  as  the  day  workers. 
# 

*  It  WM  onr  Intention  to  fix  piece  work  ratei!  which  shnald  enable  flrat-class  workmen  to  average 
about  00  per  cent,  more  than  t  ley  had  been  earning  on  day  work,  namely  $1.85  per  day.  A  years 
averace  hdows  them  to  hflve  ea'^ntnl  $1.88  per  day,  or  three  centu  per  man  per  day  more  than  we 
expected.    An  error  of  1^  per  cent. 


laborers  (perhaps  even  a  smaller  percentage  than  this)  could  keep 
up. 

120.  It  was  clearly  understood  by  each  newcomer  as  he  went  to 
work  that  unless  he  was  able  to  average  at  least  $1.85  per  day 
he  would  have  to  make  way  for  another  man  who  could  do  so. 
As  a  result,  first-class  men  from  all  over  that  part  of  the 
country,  who  were  in  most  cases  earning  from  $1.05  to  $1.15  per 
(lay,  were  anxious  to  try  their  hands  at  earning  $1.85  per  day. 
If  they  succeeded  they  were  naturally  contented,  and  if  they 
failed  they  left,  sorry  that  they  were  unable  to  maintain  the 
pro|)er  pace,  but  with  no  hard  feelings  either  toward  the  system 
or  the  management.  Throughout  the  time  that  the  writer  was 
there,  labor  was  as  scarce  and  as  difficult  to  get  as  it  ever  has 
been  in  the  history  of  this  country,  and  yet  there  was  always  a 
surplus  of  first-class  men  ready  to  leave  other  jobs  and  try  their 
hand  at  Betlilehem  piece  work. 

1t27.  Perhaps  the  most  notable  diflFerence  between  these  men 
and  onlinarv  piece  workers  lay  in  their  changed  mental  attitude 
toward  their  employers  and  their  work,  and  in  the  total  absence 
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of  soldiering  on  their  part.  The  ordinary  piece  worker  would 
have  spent  a  considerable  part  of  his  time  in  deciding  jnst  how 
much  his  employer  would  allow  him  to  earn  without  cutting 
prices  and  in  then  trying  to  come  as  close  as  possible  to  this 
figure,  while  carefully  guarding  each  job  so  as  to  keep  the  man- 
agement  from  finding  out  how  fast  it  really  could  be  done*  These 
men,  however,  were  faced  with  a  new  but  very  simple  and 
straightforward  proposition,  namely^  am  I  a  first-elass  laborer  or 
not?  Each  man  felt  that  if  he  belonged  in  the  first  class  all  he 
had  to  do  was  to  work  at  his  best  and  he  would  be  paid  sixty  per 
cent,  more  than  he  had  been  paid  in  the  past.  Each  new  piece 
work  price  was  accepted  by  the  men  without  question.  They 
never  bargained  over  nor  complained  about  rate«,  and  there  was 
no  occasion  to  do  so,  since  they  were  all  equally  fair,  and  caUed 
for  almost  exactly  the  ♦'same  amount  of  work  and  fatigue  per 
dollar  of  wages, 

128,  A  careful  inquiry  into  the  eonditiou  of  these  men  when 
away  from  work  developed  the  fact  that  out  of  the  whole  gang, 
only  two  were  said  to  be  drinking  men.  This  does  not,  of  course, 
imply  that  many  of  them  did  not  take  an  occasional  drink.  The 
fact  ia  that  a  steady  drinker  would  find  it  almost  impossible  to 
keep  lip  with  the  pace  wliich  was  set,  so  that  they  were  practically 
sober.     Many  if  not  most  of  them  were  saving  money,  and 

ey  all  lived  better  than  they  had  before.  The  results  attained 
under  this  system  were  most  satisfactory  both  to  employer  and 
workmen,  and  show  in  a  convincing  way  the  possibility  of  uniting 
high  wages  with  a  low  labor  cost, 

121>,  This  is  virtually  a  labor  union  of  first-class  men,  who  are 
united  together  to  secure  the  extra  high  wages,  which  belong  to 
them  by  right  and  which  in  this  case  are  begrudged  them  by  none, 
and  whieli  will  be  theirs  through  dull  times  as  well  as  periods  of 
activity*  Such  a  union  commands  the  unqualified  admiration 
and  respect  of  all  classes  of  the  commnnity;  the  respect  equally 
of  workmen,  employers,  political  economists,  and  philanthropists. 
There  are  no  dues  for  membership,  since  all  of  the  expenses  are 
paid  by  the  company.  The  employers  act  as  the  officers  of  the 
Union,  to  enforce  its  rules  and  keep  its  records,  since  the  inter- 
ests  of  the  company  are  identical  and  bound  up  with  those  of 
the  men-  It  is  never  necessary  to  plead  with,  or  persuade  men 
fo  join  tills  Union,  ftince  the  employers  themselves  organize  it  free 
of  cost;  the  best  workmen  in  the  community  are  always  anxious 
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to  belong  to  it.     The  feature  most  to  be  regretted  about  it  is  that 
the  membership  is  limited. 

130.  The  words  "  labor  union  "  are,  however,  unfortunately  so 
closely  associated  in  the  minds  of  most  people  with  the  idea  of 
disagreement  and  strife  between  the  employers  and  men,  that  it 
seems  almost  incongruous  to  apply  them  to  this  case. 

131.  Is  not  this,  however,  the  ideal  "  labor  union,"  with  char- 
acter and  special  ability  of  a  high  order  as  the  only  qualifications 
for  membership. 

132.  It  is  a  curious  fact  that  with  the  people  to  whom  the 
writer  has  described  this  system,"  the  first  feeling,  particularly 
among  those  more  philanthropically  inclined,  is  one  of  pity  for 
the  inferior  workmen  who  lost  their  jobs  in  order  to  make  way 
for  the  first-class  men.  This  sympathy  is  entirely  misplaced. 
There  was  such  a  demand  for  labor  at  the  time,  that  no  workman 
was  obliged  to  be  out  of  work  for  more  than  a  day  or  two,  and  so 
the  poor  workmen  were  practically  as  well  off  as  ever.  The  feel- 
ing, instead  of  being  one  of  pity  for  the  inferior  workmen,  should 
be  one  of  congratulation  and  rejoicing  that  mahy  first-class  men 
— ^who  through  unfortunate  circumstances  had  never  had  the 
opportunity  of  proving  their  worth — at  last  were  given  the  chance 
to  earn  high  wages  and  become  prosperous. 

133.  What  the  writer  wishes  particularly  to  emphasize  is  that 
this  whole  system  rests  upon  an  accurate  and  scientific  study  of 
*^  unit  times,"  which  is  by  far  the  most  important  element  in  mod- 
em management.  With  it,  greater  and  more  permanent  results 
can  be  attained  even  under  ordinary  day  work  or  piece  work  than 
can  be  reached  under  any  of  the  more  elaborate  systems  without 
it. 

134.  In  1895  the  writer  read  a  paper  before  this  Society  entitled 
"  A  Piece  Kate  System."  His  chief  object  in  writing  it  was  to 
advocate  the  study  of  "  unit  times  "  as  the  foundation  of  good 
management.  Unfortunately,  he  at  the  same  time  described  the 
"  Differential  Eate  "  system  of  piece  work,  which  had  been  intro- 
duced by  him  in  the  Mid  vale  Steel  Works.  Although  he  called 
attention  to  the  fact  that  the  latter  was  entirely  of  secondary 
importance,  the  differential  rate  was  widely  discussed  in  the 
journals  of  this  country  and  abroad  while  practically  nothing  was 
said  about  the  study  of  "  unit  times."  Thirteen  members  of  this 
Society  discussed  the  piece  rate  system  at  length,  and  only  two 
briefly  referred  to  the  study  of  the  "  unit  times." 
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135.  Tlie  writer  most  sincerely  trusts  that  his  leading  object  in 
writing  tliis  paper  will  not  be  overlooked,  and  that  eciENTiFio 
TIME  STUDY  Will  rec^Bive  the  attention  which  it  merits.  Bearing  in 
mind  the  Bethlehem  yard  labor  aa  an  illustration  of  the  applica- 
tion of  the  study  of  unit  times  as  the  foundation  of  success  in 
ijianagementj  the  follo%ving  would  seem  to  him  a  fair  comparison 
of  the  older  methods  with  the  more  modern  plan: 

136.  For  each  job  there  is  the  quickest  time  in  which  it  can  be 
done  by  a  first-class  man.  This  time  may  be  called  the  '^  quickest 
time,"  or  the  "  standard  time  "  for  the  job* 

137.  Under  all  the  ordinary  systems,  this  *' quickest  tirae'^  is 
more  or  less  completely  shrouded  in  mist.  In  most  cases^  ho^v- 
ever»  the  workman  is  nearer  to  it  and  sees  it  more  clearly  than  the 
employer, 

138.  Under  ordinary  piecework  the  management  watch  every 
indication  given  them  by  the  workmen  as  to  what  the  **  quickest 
time  "  is  for  each  job,  and  endeavor  continually  to  force  the  men 
toward  this  "  standard  time/"  while  the  workmen  constantly  use 
every  effort  to  prevent  this  from  being  done  and  to  lead  the 
management  in  the  wrong  direction.  In  spite  of  this  conflictj 
however,  the  **  standard  time  "  is  gradually  approached* 

130.  I'nder  the  Towne-IIalyey*  plan  the  management  gives  up 
all  direct  effort  to  reach  this  "  quickest  time/'  but  offers  mihl  in- 
ducements to  the  workmen  to  do  so,  and  turns  over  the  whole 
enterprise  to  them.  The  %vorkmen,  peaeefnlly  as  far  as  the 
management  is  concerned  but  with  considerable  pulling  and  haul- 
ing among  themselves,  and  without  the  assistance  of  a  trained 
guiding  handj  drift  gradually  and  slowly  in  the  direction  of  the 
"  standard  time,"  but  rarely  approach  it  closely. 

140,  With  accurate  time  study  as  a  basis^  the  "  quickest  time  ** 
for  each  job  is  at  all  times  in  plain  sight  of  both  employers  and 
workmen,  and  is  reached  with  accuracy ,  precision  and  speedy  both 
sides  pulling  hard  in  the  same  direction  under  the  unifurra  simple 
and  Just  agreemrnt  that  whenever  a  first-class  man  works  at  his 
beat  he  will  receive  from  30  to  100  per  cent  more  than  the  aver- 
age of  his  trade, 

141.  Probably  a  majority  of  the  attempts  that  are  made  to  radi* 
cally  change  the  organization  of  manufacturing  companies  result 
in  a  loss  of  money  to  the  company,  failure  to  bring  about  the 

*  Ffir  further  crkicisrm  ^f  tlte  Tuwhe-Hal^<*y  plan,  si*c  Mr  Halswy's  rr- 
imirks  at  the  end  of  I  he  puper  an  i  the  writer 'a  answer  tti  samc^ 
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change  sought  for,  and  a  return  to  practically  the  original  organi- 
zation. The  reason  for  this  being  that  there  are  but  few  employ- 
ers who  look  upon  management  as  an  art,  and  that  they  go  at  a 
difficult  task  without  either  having  understood  or  appreciated  the 
time  required  for  organization  or  its  cost,  the  troubles  to  be  met 
with  or  the  obstacles  to  be  overcome,  and  without  having  studied 
the  means  to  be  employed  in  doing  so. 

142.  Before  starting  to  make  any  changes  in  the  organization  of 
a  company,  the  following  matters  should  be  carefully  considered : 
First,  the  importance  of  choosing  the  general  type  of  manage- 
ment best  suited  to  the  particular  case.  Second,  that  in  all  cases 
money  must  be  spent,  and  in  many  cases  a  great  deal  of  money, 
before  the  changes  are  completed  which  result  in  lowering  cost. 
Third,  that  it  takes  time  to  reach  any  result  worth  aiming  at. 
Fourth,  the  importance  of  making  changes  in  their  proper  order, 
and  that  unless  the  right  steps  are  taken,  and  taken  in  their 
proper  sequence,  there  is  great  danger  from  deterioration  in  the 
quality  of  the  output  and  from  serious  troubles  with  the  work- 
men, often  resulting  in  strikes. 

143.  As  to  the  type  of  management  to  be  ultimately  aimed  at, 
before  any  changes  whatever  are  made,  it  is  necessary,  or  at 
least  highly  desirable,  that  the  most  careful  consideration  should 
be  given  to  the  type  to  be  chosen;  and  once  a  scheme  is  decided 
upon  it  should  be  carried  forward  step  by  step  without  wavering 
or  retrograding.  Workmen  will  tolerate  and  even  come  to  have 
great  respect  for  one  change  after  another  made  in  logical 
sequence  and  according  to  a  consistent  plan.  It  is  most  demoral- 
izing, however,  to  have  to  recall  a  step  once  taken,  whatever  may 
be  the  cause,  and  it  makes  any  further  changes  doubly  difficult. 

144.  The  choice  must  be  made  between  some  of  the  types  of 
management  in  common  use,  which  the  writer  feels  are  properly 
designated  by  the  work  "  drifting,"  and  the  more  modern  and 
scientific  management  based  on  an  accurate  knowledge  of  how 
long  it  should  take  to  do  the  work.  If,  as  is  frequently  the  case, 
the  managers  of  an  enterprise  find  themselves  so  overwhelmed 
with  other  departments  of  the  business  that  they  can  give  but 
little  thought  to  the  management  of  the  shop,  then  some  one  of 
the  various  "  drifting"  scliemes  should  be  adopted;  and  of  these 
the  writer  believes  the  Towne-Halsey  plan  to  be  the  best,  since 
it  drifts  safoly  and  ])eacefully  though  slowly  in  the  right  direc- 
tion; yet  under  it  the  best  results  can  never  be  reached.     The 
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faet,  however,  tbat  iitanagors  are  in  this  waj  overwhelmed  by 
their  work  xs  the  best  proof  thut  there  is  something  radically 
wrong  witli  the  plan  of  their  organization  and  in  self  defence 
thej  bIiouH  take  immediate  steps  toward  a  luoiie  thorough  study 
of  the  art. 

145.  It  is  not  at  all  generally  realized  that  whatever  system  may 
be  u^^ed, — providing  a  business  is  complex  in  its  nature^— the  build- 
ing up  of  an  efficient  organization  is  necessarily  slow  and  some- 
times very  expensive.  Almost  all  of  the  directors  of  manuf  aetur- 
ing  companies  appreciate  the  economy  of  a  thoroughly  modern, 
iip-tu-tiate  and  efficient  plant  and  are  willing  to  pay  for  it.  Very 
few  of  thenij  however,  realize  that  the  best  organization,  what- 
ever its  cost  may  be^  is  in  many  cases  even  more  important  than 
the  plant;  nor  do  they  clearly  realize  that  no  kind  of  an  efficient 
organ iza ton  can  be  built  up  without  spending  money.  The  spend- 
ing of  money  for  good  machinery  appeals  to  thera  because  they 
can  see  machines  after  they  are  bought;  but  putting  money  into 
anything  so  invisible,  intangible,  and  to  the  average  man  so  in- 
definite, as  an  organization  seems  almost  like  throwing  it  away. 

146.  There  is  no  question  that  when  the  work  to  be  done  is  at 
all  complicated,  a  good  organization  with  a  poor  plant  will  give 
better  results  than  the  best  plant  with  a  poor  organization.  One 
of  the  most  successful  manufacturers  in  this  country  was  asked 
recently  by  a  number  of  financiers  whether  he  thought  that 
the  difference  between  one  style  of  organization  and  another 
amounted  to  much  providing  the  company  had  an  up-to-date  plant 
properly  locatc^d.  His  answer  was,  "  If  I  had  to  choose  now 
between  abandoning  my  present  organization  and  biiming  down 
all  of  my  plants  which  have  cost  me  millions,  I  should  choose  the 
latter.  My  plants  could  be  rebuilt  in  a  short  while  with  borrowed 
money,  but  I  could  hardly  replace  my  organisation  in  a  genera- 
tion/' 

147*  Modern  engineering  can  almost  be  called  an  exact  science; 
each  year  removes  it  further  from  guess  work  and  from  rule  of 
thumb  methods  and  establishes  it  more  firmly  upon  the  foundation 
of  fixed  principles, 

148,  The  writer  feels  that  management  is  also  destined  to  be- 
come more  of  an  art,  and  that  many  of  the  elements  which  are  now 
believed  to  be  outside  the  field  of  exact  knowledge  will  soon  be 
standardized,  tabulated,  accepted  and  used,  as  are  now  the  many 
elements  of  engineering.     Management  will  be  studied  as  an  art 
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and  will  rest  upon  well  recognized,  clearly  defined  and  fixed 
principles  instead  of  depending  upon  more  or  lesa  hazy  ideas 
received  from  a  limited  observation  of  the  few  organizations  wifh 
which  the  individual  may  have  coTie  in  contact  There  will,  of 
course,  be  various  successful  types,  and  the  application  of  the 
underlying  principles  must  be  modified  to  suit  each  particular 
case.  The  writer  has  already  indicated  that  he  thinks  the  first 
object  in  management  is  to  unite  high  wages  with  a  low  labor 
cost.  He  believes  that  this  object  can  be  most  easily  attained  by 
the  application  of  the  following  principles: 

First — A  Large  Daily  Task. 

149.  Each  man  in  the  establishment,  high  or  low,  should  daily 
have  a  clearly  defined  task  laid  out  before  him.  This  task  should 
not  in  the  least  degree  be  vague  nor  indefinite,  but  should  be  cir- 
cumscribed carefully  and  completely,  and  should  not  be  easy  to 
accomplish. 

Second, — Standard  Conditions. 

150.  Each  man's  task  should  call  for  a  full  day's  work,  and  at 
the  same  time  the  workman  should  be  given  such  conditions  and 
appliances  as  will  enable  him  to  accomplish  his  task  with  cer- 
tainty. 

Third. — Ilion  Pay  for  Success. 

151.  He  should  be  sure  of  large  pay  when  he  accomplishes  his 
task. 

Fourth, — Loss  in  Case  of  Failure. 

152.  When  he  fails  he  should  be  sure  that  sooner  or  later  he 
will  be  the  loser  by  it. 

153.  When  an  establishment  has  reached  an  advanced  state  of 
organization,  in  many  cases  a  fifth  clement  should  be  added, 
namely :  the  task  should  be  made  so  difficult  that  it  can  only  be 
accomplished  by  a  first-class  man. 

154.  There  is  nothing  new  nor  startling  about  any  of  these  prin- 
ciples and  yet  it  will  be  difficult  to  find  a  shop  in  which  they  are  not 
daily  violated  over  and  over  again.  They  call,  however,  for  a 
greater  departure  from  the  ordinary  types  of  organization  than 
would  at  first  appear.  In  the  case,  for  instance,  of  a  machine  shop 
doing  miscellaneous  work,  in  order  to  assign  daily  to  each  man  a 
carefully  measured  task,   a  special  planning  department  is  re- 
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quired  to  lay  out  all  of  tlie  work  at  least  one  day  ahead.  All 
orders  must  be  given  to  tlie  men  in  detail  in  writing;  and  in  order 
to  lay  out  the  next  day's  work  and  plan  the  entire  progress  of 
work  through  the  shop,  daily  returns  uiu.st  be  made  by  the  men 
to  the  planning  department  in  writing,  showing  just  what  has 
been  done.  Before  each  casting  or  forging  arrii^es  in  the  shop 
the  exact  route  which  it  is  to  take  from  machine  to  machine 
should  be  laid  out.  An  instmction  card  for  each  operation  must 
be  written  out  stating  in  detail  just  how  each  operation  on  every 
piece  of  work  is  to  be  done  and  the  time  required  to  do  it,  the 
drawing  number,  any  special  tools,  jigs,  or  appliances  required, 
etc.  Before  the  four  principles  above  referred  to  can  be  siiccess- 
fully  applied  it  is  also  necessary  in  most  shops  to  make  important 
physical  changes.  All  of  the  small  details  in  the  shop,  which  are 
usually  regarded  as  of  Uttle  importance  and  are  left  to  be  reg- 
ulated according  to  the  individual  taste  of  the  workinan,  or,  at 
"best,  of  the  foreman,  must  be  thoroughly  and  eate fully  standard- 
ized; such  detailsj  for  in^tanccj  as  the  care  and  tightening  of  the 
belts  J  the  exact  shape  and  quality  of  each  cutting  tool ;  the  estab- 
lishment of  a  complete  tool  room  from  which  properly  ground 
tools,  as  well  as  jigs,  templctSj  drawings,  etc.,  are  issued  under  a 
good  cheek  aystcmt  et42. ;  and  as  a  matter  of  importance  (in  fact, 
as  the  foundation  of  modem  management)  an  accurate  study  of 
"  tinit  times  *'  must  be  made  by  one  or  more  men  connected  with 
the  planning  departnient,  and  each  machine  tool  must  be  stand- 
ardized and  a  table  or  slide  rule  constructed  for  it  showing  how  to 
run  it  to  the  best  advantage, 

155.  At  first  view  the  running  of  a  planning  department,  to- 
gether with  the  other  innovations,  would  appear  to  involve  a  large 
amount  of  additional  work  and  expense,  and  the  most  natural  ques- 
tion would  be  is  whether  the  increased  efficiency  of  the  si j tip  niore 
than  offsets  this  outlay*  It  must  be  borne  in  mind,  however,  that, 
with  the  exception  of  the  study  of  unit  times,  there  is  hardly  a 
single  item  of  work  done  in  the  [danning  department  which  is  not 
already  being  done  in  the  shop.  Establishing  a  planning  depart- 
ment merely  concentrates  the  planning  and  much  other  brain- 
work  in  a  few  men  especially  fitted  for  their  task  and  trained  in 
their  especial  lines,  instead  of  having  it  done,  as  heretofore,  in 
most  cases  by  high  priced  mechanics,  well  fitted  to  work  at  their 
trades  but  poorly  trained  for  work  more  or  less  clerical  in  its 
nature. 
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156.  There  is  a  close  analogy  between  the  methods  of  modern 
engineering  and  this  type  of  management.  Engineering  now  cen- 
tres in  the  drafting  room  as  modern  management  does  in  the  plan- 
ning department..  The  old  style  engineering  had  all  the  appear- 
ance of  simplicity  and  economy,  while  modern  engineering  has  all 
the  appearance  of  complication  and  extravagance,  with  its  multi- 
tude of  drawings;  and  the  amount  of  study  and  work  which  is  put 
into  each  detail ;  and  its  corps  of  draftsmen,  all  of  whom  would  be 
sneered  at  by  the  old  engineer  as  "  non-producers."  For  the  same 
reason,  modern  management,  with  its  minute  time  study  and  a 
managing  department  in  which  each  operation  is  carefully  planned, 
with  its  many  written  orders  and  its  apparent  red  tape,  looks  like 
a  waste  of  money;  while  the  ordinary  management  in  which  the 
planning  is  mainly  done  by  the  workmen  themselves  with  the  help 
of  one  or  two  foremen,  seems  simple  and  economical  in  the  ex- 
treme. The  writer,  however,  while  still  a  young  man,  had  all  lin- 
gering doubt  as  to  the  value  of  a  drafting  room  dispelled  by  seeing 
the  chief  engineer,  the  foreman  of  the  machine  shop,  the  foreman 
of  the  foundry  and  one  or  two  workmen,  in  one  of  our  large  and 
successful  engineering  establishments  of  the  old  school,  stand 
over  the  cylinder  of  an  engine  which  was  being  built,  with  chalk 
and  dividers,  and  discuss  for  more  than  an  hour  the  proper  size 
and  location  of  the  studs  ior  fastening  on  the  cylinder  head. 
This  was  simplicity,  but  not  economy.  About  the  same  time 
he  became  thoroughly  convinced  of  the  necessity  and  economy  of 
a  planning  department  with  time  study,  and  with  written  instruc- 
tion cards  and  returns.  lie  saw  over  and  over  again  a  workman 
shut  down  his  machine  and  hunt  up  the  foreman  to  inquire,  per- 
haps, what  work  to  put  into  his  machine  next,  and  then  chase 
around  the  shop  to  find  it  or  to  have  a  special  tool  or  templet 
looked  up  or  made.  He  saw  workmen  carefully  nursing  their 
jobs  by  the  hour  and  doing  next  to  nothing  to  avoid  making  a 
record,  and  ho  was  even  more  forcibly  convinced  of  the  necessity 
for  a  change  while  he  was  still  working  as  a  machinist  by  being 
ordered  bv  the  other  men  to  slow  down  to  half  speed  under 
penalty  of  being  thrown  over  the  fence. 

157.  Xo  one  now  doubts  the  economy  of  the  drafting  room,  and 
the  writer  predicts  that  twenty  years  from  now  no  one  will  doubt 
the  economy  and  necessity  of  the  study  of  unit  times  and  of  the 
planning  department. 

158.  Another  point  of  analogy  between  modern  engineering 
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and  inodorn  management  lies  in  tlie  fact  that  modern  engineering 
proceeds  with  comparative  certainty  to  the  design  and  eonstrue- 
tion  of  a  maeliine  or  atrueture  of  the  maximum  efficiency  vnth 
the  niiniiijum  u^eight  and  cost  of  materials,  while  the  old  style 
engineering  at  best  only  approximated  these  results  and  then 
only  after  a  series  of  breakdowns,  involving  the  practical  recon- 
stniction  of  the  machine  and  the  lapse  of  a  long  period  of  time. 
The  ordinary  system  of  management,  owing  to  the  lack  of  exact 
infonnation  and  precise  met  hods,  can  only  approximate  to  the 
desired  standard  of  high  wages  accompanied  by  low  labor  cost 
and  then  only  slowly,  with  marked  irregularity  in  results,  with 
contiiined  opposition,  and,  in  many  cases,  with  danger  from 
strikes.  Modern  management,  on  the  other  hand^  proceeds 
slowdy  at  first,  hut  with  directness  and  precision^  step  by  step* 
and,  after  the  first  few  object  lessons^  almost  without  opposition 
on  the  part  of  the  men,  to  high  wages  and  low  labor  cost;  and 
what  IS  of  great  importance^  it  assigns  wages  to  the  men  which 
are  uniformly  fair.  They  are  not  demoralizedj  and  their  sense 
of  justice  offended  by  receiving  wages  which  are  sometimes  too 
low  and  at  other  time^  entirely  too  high.  One  of  its  marked  ad- 
vantages lies  in  its  freedom  from  strikes.  The  writer  has  never 
been  opposed  by  a  strike,  although  he  has  been  engaged  for  a 
great  part  of  his  time  since  ISS^  in  introducing  this  type  of 
management  in  different  parts  of  the  country  and  in  a  great 
variety  of  industries.  The  only  case  of  which  the  writer  can 
think  in  which  a  strike  under  this  system  might  be  unavoidable 
would  he  that  in  which  most  of  the  employees  were  members  of 
a  labor  union,  and  of  a  union  whose  rules  were  so  inflexible  and 
wliose  meml>ers  w^ere  so  stubborn  that  they  were  unwilling  to  try 
any  other  system,  even  though  it  assured  them  larger  wages  than 
their  own.  The  writer  has  seen,  however,  several  times  after 
the  introduction  of  this  system,  the  members  of  labor  onions  who 
were  working  under  it  leave  the  union  in  large  numbers  Ixjcause 
they  found  that  they  could  do  better  under  the  operation  of  the 
system  tliau  under  the  laws  of  the  union, 

159,  Tlicre  is  no  question  that  the  average  individual  accora- 
plishcs  the  most  when  he  cither  gives  himself,  or  someone  else  as- 
signs him,  a  definite  task,  namely,  a  given  amount  of  work  which  he 
must  do  within  a  given  time ;  and  the  more  elementary  the  mind 
and  character  of  the  individual  the  more  peeessary  does  it  become 
that  each  task  shall  extend  over  a  short  period  of  time  only.    No 
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school  teacher  would  think  of  telling  children  in  a  general  way  to 
study  a  certain  book  or  subject.  It  is  practically  universal  to 
assign  each  day  a  definite-  lesson  beginning  on  one  specified  page 
and  line  and  ending  on  another;  and  the  best  progress  is  made 
when  the  conditions  are  such  that  a  definite  study  hour  or  period 
can  be  assigned  in  which  the  lesson  must  be  learned.  Most  of  us 
remain,  through  a  great  part  of  our  lives,  in  this  respect,  grown-up 
children,  and  do  our  best  only  under  pressure  of  a  task  of  com- 
paratively short  duration. 

160.  Another  and  perhaps  equally  great  advantage  of  assign- 
ing a  daily  task  as  against  ordinary  piece  work  lies  in  the  fact 
that  the  success  of  a  good  workman  or  the  failure  of  a  poor  one 
is  thereby  daily  and  prominently  called  to  the  attention  of  the 
management.  Many  a  poor  workman  might  be  willing  to  go 
along  in  a  slipshod  way  under  ordinary  piece  work,  careless  as  to 
whether  he  fell  off  a  little  in  his  output  or  not.  Very  few  of 
them,  however,  would  be  willing  to  record  a  daily  failure  to 
accomplish  their  task  even  if  they  were  allowed  to  do  so  by  their 
foreman;  and  also  since  on  ordinary  piece  work  the  price  alone  is 
specified  without  limiting  the  time  which  the  job  is  to  take,  a 
quite  large  falling  off  in  output  can  in  many  cases  occur  without 
coming  to  the  attention  of  the  management  at  all.  It  is  for  these 
reasons  that  the  writer  has  above  indicated  ^^  A  Large  Daily 
Task  "  for  each  man  as  the  first  of  four  principles  which  should 
be  included  in  the  b^st  type  of  management. 

IGl.  It  is  evident,  however,  that  it  is  useless  to  assign  a  task 
unless  at  the  same  time  adequate  measures  are  taken  to  enforce  its 
accomplishment.  As  Artemus  Ward  says,  ''  I  can  call  the  spirits 
from  the  windy  deep,  but  damn  'em  they  won't  come !  "  It  is  to 
compel  the  completion  of  the  daily  task  then  that  two  of  the  other 
{principles  are  required,  namely,  "  High  Pay  for  Success  "  and 
**  Loss  in  Case  of  Failure."  The  advantage  of  Mr.  Gantt's  system 
of  "  Task  Work  with  a  Bomis/'  and  the  writer's  "  Differential 
liate  Piece  Work  "  over  the  other  systems  lies  in  the  fact  that  with 
each  of  these  the  men  automatically  and  daily  receive  either  an 
extra  reward  in  case  of  complete  success,  or  a  distinct  loss  in  case 
they  fall  off  even  a  little. 

162.  The  four  principles  above  referred  to  can  be  successfully 
applied  either  under  day  work,  piece  work,  "  Task  Work  with  a 
Bonus,"  or  '^  Differential  Pate  Piece  Work,"  and  each  of  these 
systems  has  its  own  especial  conditions  under  which  it  is  to  be  pre- 
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f erred  to  either  of  the  other  throe.  In  no  case,  however,  should 
an  attempt  be  made  to  apply  these  principles  unless  an  accurate 
and  thorough  time  study  has  perviously  been  made  of  every  item 
entering  into  the  day's  task. 

163.  They  should  be  applied  under  day  work  only  when  a  num- 
ber of  miscellaneous  jobs  have  to  be  done  day  after  day,  none 
of  which  can  occupy  the  entire  time  of  a  man  throughout 
the  whole  of  a  day  and  when  the  time  required  to  do  each  of 
these  small  jobs  is  likely  to  vary  somewhat  each  day.  In  this 
case  a  number  of  these  jobs  can  be  grouped  into  a  daily  task 
which  should  be  assigned,  if  practicable,  to  one  man,  possibly 
even  to  two  or  three,  but  rarely  to  a  gang  of  men  of  any  size.  To 
illustrate:  In  a  small  boiler  house  in  which  there  is  no  storage 
room  for  coal,  the  work  of  wheeling  the  coal  to  the  fireman, 
wheeling  out  the  ashes,  helping  clean  fires  and  keeping  the  boiler 
room  and  the  outside  of  the  boilers  clean  could  be  made  into  the 
daily  task  for  a  man,  and  if  these  items  did  not  sum  up  into  a  full 
day's  work,  on  the  average,  other  duties  could  be  added  until  a 
proper  task  was  assured.  Or,  the  various  details  of  sweeping, 
cleaning  and  keeping  a  certain  section  of  a  shop  floor,  windows, 
machines,  etc.,  in  order  can  be  united  to  form  a  task.  Or,  in  a 
small  factory  which  turns  out  a  uniform  product  and  in  uniform 
quantities  day  after  day,  supplying  raw  materals  to  certain  parts 
of  the  factory  and  removing  finished  ])ro(hict  from  others  may  be 
coupled  with  other  definite  duties  to  form  a  task.  The  task 
should  call  for  a  large  day's  work,  and  tlie  man  should  be  ])aid 
more  than  the  usual  day's  pay  so  that  the  position  will  be  sought 
for  by  first-class,  ambitious  men.  Clerical  work  can  very  prop- 
erly be  done  by  the  task  in  this  way,  although  when  there  is 
enough  of  it,  piece  work  at  so  much  ])er  entry  is  to  1)0  ])referred. 
In  all  cases  a  clear  cut,  definite  inspection  of  the  task  i:^  desirable 
at  least  once  a  day  and  sometimes  twice.  When  a  sliop  is  not 
running  at  night,  a  good  time  for  this  inspection  i^  at  seven 
o'clock  in  the  morning,  for  instance.  The  ins}:e(*tor  sliould  daily 
sign  a  printed  card,  stating  tliat  he  has  insj)eeted  the  work  done 

by ,  and  enumerating  tli(^  various  items  of  tli(^  task.     The 

card  should  state  that  the  workman  has  satisfactorily  j)erformed 
his  task,  except  the  following  items  which  should  be  enmnerated  in 
detail. 

164.  When  men  are  working  on  task  work  by  the  day,  they 
should  be  made  to  start  to  work  at  the  regular  starting  hour.   Tli(»y 
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should,  however,  have  no  regular  time  for  leaving.  As  soon  as 
the  task  is  finished  they  should  be  allowed  to  go  home;  and,  on 
the  other  hand,  they  should  be  made  to  stay  at  work  until  their 
task  is  done,  even  if  it  lasts  into  the  night,  no  deduction  being 
made  for  shorter  hours  nor  extra  pay  allowed  for  overtime.  It 
i3  both  inhuman  and  unwise  to  ask  a  man,  working  on  task  work, 
to  stay  in  the  shop  after  his  task  is  finished. ,"  to  maintain  the 
discipline  of  the  shop,"  as  "is  frequently  done.  It  only  tends  to 
make  men  eye  servants. 

165.  An  amusing  instance  of  the  value  of  task  work  with 
freedom  to  leave  when  the  task  is  done  was  given  the  writer  by 
his  friend,  Mr.  Chas.  D.  Rogers,  for  many  years  superinten- 
dent of  the  American  Screw  Works,  of  Providence,  R.  I.,  one 
of  the  greatest  mechanical  geniuses  and  most  resourceful  man- 
agers that  this  country  has  produced,  but  a  man  who,  owing 
to  his  great  modesty,  has  never  been  fully  appreciated  out- 
side of  those  who  know  him  well.  Mr.  Rogers  tried  several 
modifications  of  day  and  piece  work  in  an  unsuccessful  endeavor 
to  get  the  children  who  were  engaged  in  sorting  over  the  very 
small  screws  to  do  a  fair  day's  work.  He  finally  met  with  great 
success  by  assigning  to  each  child  a  fair  day's  task  and  allowing 
him  to  go  home  and  play  as  soon  as  his  task  was  done.  Each 
child's  play  time  was  his  own  and  highly  prized  while  the  greater 
part  of  his  wages  went  to  his  parents. 

IGG.  Piece  work  embodying  the  task  idea  can  be  used  to  advan- 
tage when  there  is  enough  work  of  the  same  general  character  to 
keep  a  number  of  men  busy  regularly;  such  work,  for  instance,  as 
the  Bethlehem  yard  labor  above  described,  or  the  work  of  bicycle 
ball  inspection  referred  to  later  on.  In  piece  work  of  this  class  the 
task  idea  should  always  be  maintained  by  keeping  it  clearly  before 
each  man  that  his  average  daily  earnings  must  amount  to  a  given 
liigh  sura  (as  in  the  case  of  the  Bethlehem  laborers,  $1.85  per  day), 
and  that  failure  to  average  this  amount  will  surely  result  in  his 
being  laid  off.  It  must  be  remembered  that  on  plain  piece  work 
the  less  competent  workmen  will  always  bring  what  influence  and 
pressure  they  can  to  cause  the  best  men  to  slow  down  towards 
their  level  and  that  the  task  idea  is  needed  to  counteract  this  in- 
fluence. Where  the  labor  market  is  large  enough  to  secure  in 
a  reasonable  time  enough  strictly  first-class  men,  the  piece  work 
rates  should  be  fixed  on  such  a  basis  that  only  a  first-class  man 
working  at  his  best  can  earn  the  average  amount  called  for.    This 
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figure  should  be,  in  the  case  of  first-class  men  ae  stated  above, 
from  30  per  cent  to  100  per  cent  bejond  the  wages  usually 
paid.  The  task  idea  is  emphasized  with  this  style  of  piece  work 
by  two  things— the  high  wages  and  the  laying  off,  after  a  reason- 
able trial,  of  incompetent  men ;  and  for  the  success  of  the  system, 
the  number  of  men  employed  on  practically  the  same  class  of 
work  should  be  large  enough  for  the  workmen  quite  often  to  haTe 
the  object  lesson  of  seeing  men  laid  off  for  failing  to  earn  high 
wages  and  others  substituted  in  their  places. 

167,  There  are  comparatively  few  machine  shops^  or  even  manu- 
facturing  establishments,  in  which  the  work  is  so  uniform  in  its 
nature  as  to  employ  enough  men  on  tlie  same  grade  of  work  and 
in  sufficiently  close  contact  to  one  another  to  render  piece  work 
preferable  to  the  other  systems.  In  the  great  majority  of  cases  the 
work  is  so  miscellaneous  in  its  nature  as  to  call  for  the  employment 
of  workmen  varying  greatly  in  their  natural  ability  and  attain- 
ments, all  the  way,  for  instance,  from  the  ordinary  laborer,  through 
the  trained  laborer,  helper^  rough  machinist,  fitter,  machine  hand, 
to  the  highly  skilled  special  or  all-round  mechanic;  and  while  in  a 
large  establishment  there  may  be  often  enough  men  of  the  same 
grade  to  warrant  the  adoption  of  piece  work  with  the  task  idea, 
yet  J  even  in  this  case,  they  are  generally  so  scattered  in  different 
parts  of  the  ^hop  that  laying  off  one  of  their  number  for  incom- 
petence does  not  reach  the  others  with  sufficient  force  to  impress 
them  with  the  necessity  of  keeping  up  with  their  task. 

168,  It  is  evident  then  that*  in  the  great  majority  of  cases,  the 
four  leading  principles  in  management  can  be  best  applied  through 
either  ^'  Task  Work  with  a  Bonus  "  or  the  **  Differential  Rate 
System,"  in  spite  of  the  slight  additional  clerical  work  and  the 
increased  difficulty  in  planning  ahead  incident  to  these  systems. 
Three  of  these  principles,  namely,  ^^  A  Large  Daily  Task,"  **  High 

I  Pay  for  Success,"  and  *'  Loss  in  Case  of  Failure  "  form  the  very 
essence  of  both  of  these  systems  and  act  as  a  daily  stimulant  for 
the  men,  and  the  fourth  elenjent  is  a  necessary  preliminary,  since 
without  having  first  thorough ly  standardiised  all  of  the  conditions 
surrounding  the  work,  neither  of  the  two  plans  can  be  success- 
fully applied* 

161>.  In  many  cases  the  greatest  good  resulting  from  the  appli- 
cation  of  these  systems  is  the  indirect  gain  which  comes  from  the 
enforcc<l  standardization  of  all  details  and  conditions,  large  and 
small^  surrounding  the  work*  All  of  the  ordinary  systems  can  be 
m 
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and  are  almost  always  applied  without  adopting  and  maintainins 
thorough  shop  standards.  But  the  Task  idea  can  not  be  carried 
out  without  them. 

170.  The  "  Differential  Kate  Piece  Work  "  is  rather  simpler  in 
its  application  and  is  the  more  forceful  of  the  two.  It  should  be 
used  wherever  it  is  practicable,  but  in  no  case  until  after  all  the 
accompanying  conditions  have  been  perfected  and  completely 
standardized  and  a  thorough  time  study  has  been  made  of  all  of 
the  elements  of  the  work.  This  system  is  particularly  useful 
where  the  same  kind  of  work  is  repeated  day  after  day,  and  also 
whenever  the  maximum  possible  output  is  desired,  which  is  al- 
most always  the  case  in  the  operation  of  expensive  machinery  or 
of  a  plant  occupying  valuable  ground  or  a  large  building.  It  is 
more  forceful  than  "  Task  Work  with  a  Bonus  "  because  it  not 
only  pulls  the  man  up  from  the  top  but  pushes  him  equally  hard 
from  the  bottom.  Both  of  these  systems  give  the  workman  a 
large  extra  reward  when  he  accomplishes  his  full  task  within 
the  given  time.  With  the  differential  rate,  if  for  any  reason  he 
fails  to  do  his  full  task,  he  not  only  loses  the  large  extra  premium 
which  is  paid  for  complete  success,  but  in  addition  he  suffers  the 
direct  loss  of  the  piece  price  for  each  piece  by  which  he  faUs 
short.  Failure  under  the  "  Task  with  a  Bonus "  system  in- 
volves a  corresponding  loss  of  the  extra  premium  or  bonus,  but 
the  workman,  since  he  is  paid  a  given  price  per  hour,  receives  his 
ordinary  day's  pay  in  case  of  failure  and  suffers  no  additional  loss 
beyond  that  of  the  extra  premium  whether  he  may  have  fallen 
short  of  the  task  to  the  extent  of  one  piece  or  a  dozen. 

171.  In  principle,  these  two  systems  appear  to  be  almost  identi- 
cal, yet  this  small  difference,  the  slightly  milder  nature  of  "  Task 
Work  with  a  Bonus,"  is  sufficient  to  render  it  much  more  flexible 
and  therefore  applicable  to  a  large  number  of  cases  in  which  the 
"  differential  rate "  cannot  be  used.  "  Task  Work  with  a 
Bonus  ''  was  invented  by  Mr.  H.  L.  Gantt  while  he  was  assisting 
the  writer  in  organizing  the  Bethlehem  Steel  Company.  The 
possibilities  of  his  system  were  immediately  recognized  by  all 
of  the  leading  men  engaged  on  the  work,  and  long  before  it 
would  have  been  practicable  to  use  the  "  Differential  Rate,"  work 
was  started  under  this  plan.  It  was  successful  from  the  start, 
and  steadily  grew  in  volume  and  in  favor,  and  to-day  is  more 
extensively  used  there  than  ever  before. 

172.  Mr.  (iantt's  system  is  especially  useful  during  the  difficult 
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and  delicate  peri  ad  of  Irfinsition  from  tte  slow  pace  of  ordinary 
day  work  to  tlie  high  speed  which  is  the  leading  characteristic  of 
good  management  During  this  period  of  traniitioo  in  the  past, 
a  time  was  always  reached  when  a  sudden  long  leap  was  taken 
from  iinprox^ed  day  M^ork  to  some  form  of  piece  work;  and  in 
making  this  jump  many  good  men  inevitahly  fell  and  were  lost 
from  the  procession.  Mr*  Gantt's  system  bridges  over  this  diffi* 
cnlt  stretch  and  enables  the  workman  to  go  smoothly  and  with 
graduallj  acceleratiiDg  speed  from  the  slower  pace  of  improved 
day  work  to  the  high  speed  of  the  new  system, 

ITo.  It  docs  not  appear  that  Mr*  Gantt  has  recognized  the  full 
advantages  to  be  derived  through  the  proi>er  application  of  his  sys- 
tem during  this  period  of  transit i<m,  at  any  rate  he  has  failed  to 
point  them  out  in  his  paper  and  to  call  attention  to  the  best 
method  oi  applying  his  phm  in  such  cases, 

174,  No  workman  can  be  expected  to  do  a  piece  of  work  the 
first  time  as  fast  as  he  will  later.  It  should  also  be  recognized 
that  it  takes  a  certain  time  for  men  who  have  worked  at  the  ordi- 
nary slow  rate  of  speed  to  change  to  bigh  speed.  Mr*  Oantt' s  plan 
can  be  adapted  to  meet  both  of  these  conditiuns  by  allowing  the 
workman  to  take  a  longer  time  to  do  the  jnb  at  hrst  and  yet  earn 
his  bonus;  and  later  coiiipelling  him  to  finish  the  job  in  the  quick- 
est time  in  order  to  get  the  prf^minni*  In  all  cases  it  is  of  the 
utmost  importance  that  L*ach  instrnetion  card  should  st^te  the 
qukJk'eM  time  in  whicli  the  workman  will  ultimately  he  called  upon 
to  do  the  work.  There  will  then  he  no  temptation  for  the  man  to 
soldier  since  he  will  see  that  the  management  know  accurately 
how  fast  the  work  can  be  done. 

17.1,  There  is  also  a  large  class  of  work  in  addition  to  that  of  the 
period  of  transition  to  which  "  Task  Work  ^rith  a  Bonus "  is 
especially  adapted.  The  liigher  pressure  of  the  differential  rate 
is  the  stimulant  required  by  the  workman  to  maintain  a  high  rate 
of  speed  and  secure  high  wages  while  he  has  the  steady  svnng 
that  belongs  to  work  which  is  repeated  over  and  over  agaiu. 
When,  however,  the  work  is  of  such  variety  that  each  day  presents 
an  entirely  new  task^  the  pressure  of  the  "  differential  rate  "  is 
sometimes  too  severe.  The  chances  of  failing  to  quite  reach  the 
task  are  greater  in  this  class  of  work  than  in  routine  work ;  and  in 
many  such  eases  it  is  better,  owing  to  the  increased  difficulties, 
that  the  workman  should  feel  sure  at  least  of  hig  regular  day^s 
rate,  which  m  secured  bim  by  Mr.  Gantt^a  system  in  ease  he  falh 
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short  of  the  full  task.  There  is  still  another  case  of  quite  fre- 
qaent  occurrence  in  which  the  flexibility  of  Mr.  Grantt's  plan 
makes  it  the  most  desirable.  In  many  establishments,  partic- 
ularly those  doing  an  engineering  business  of  considerable  vari- 
ety or  engaged  in  constructing  and  erecting  miscellaneous 
machinery,  it  is  necessary  to  employ  continuously  a  number  of 
CHf>ecially  skilful  and  high-priced  mechanics.  The  particular 
work  for  wliich  these  men  are  wanted  comes,  however,  in  many 
cases,  at  irregular  intervals,  and  there  are  frequently  quite  long 
waits  between  their  especial  jobs.  During  such  periods  these 
men  must  be  provided  with  work  which  is  ordinarily  done  by 
1(;hs  efficient,  lower-priced  men,  and  if  a  proper  piece  price  has 
been  fixed  on  this  work  it  would  naturally  be  a  price  suited  to  the 
less  skilful  men,  and  therefore  too  low  for  the  men  in  question. 
The  alternative  is  presented  of  trying  to  compel  these  especially 
skilled  men  to  work  for  a  lower  price  than  they  should  receive,  or 
of  fixing  a  special  higher  piece  price  for  the  work.  Fixing  two 
prices  for  the  same  piece  of  work,  one  for  the  man  who  usually 
does  it  and  a  higher  price  for  the  higher  grade  man,  always  causes 
the  greatest  feeling  of  injustice  and  dissatisfaction  in  the  man  who 
is  discriminated  against.  With  Mr.  Gantt's  plan,  the  less  skilled 
workman  would  recognize  the  justice  of  paying  his  more  experi- 
enced companion  regularly  a  higher  rate  of  wages  by  the  day, 
yet  wli(»n  they  were  both  working  on  the  same  kind  of  work  each 
man  would  receive  the  same  extra  bonus  for  doing  the  full  day's 
task.  Thus,  with  Mr.  Gantt's  system,  the  total  day's  pay  of  the 
higher  classed  man  would  be  greater  than  that  of  the  less  skilled 
man,  ev(»n  when  on  the  same  work,  and  the  latter  would  not  be- 
grudge it  to  him.  We  may  say  that  the  difference  is  one  of  senti- 
ment, yc^t  s(»ntinient  plays  an  important  part  in  all  of  our  lives ; 
and  HCMitiiuent  is  particularly  strong  in  the  workman  when  he  be- 
liev(*s  a  direct  injustice  is  being  done  him. 

17().  Mr.  James  M.  Dodge,  our  distinguished  president,  has  in- 
vented an  ingenious  system  of  piece  work  which  is  adapted  to 
meet  this  very  case,  and  which  has  especial  advantages  not  pos- 
sessed by  any  of  the  other  plans.  As  he  is  to  present  a  paper  to 
tlu^  Society  upon  this  subject,  the  writer  will  not  trespass  upon 
his  ])reserves. 

177.  It  is  clear,  then,  that  in  carrying  out  the  task  idea  after  the 
r(M|uirtHl  knowledge  has  been  obtained  through  a  study  of  **  unit 
times,"  each  of  the  four  systems,  **  Day  Work,"  *'  Straight  Piece 
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Work,"  "Task  Work  with  a  Bonus,"  and  "Differential  Piece 
Work,"  has  its  especial  field  of  usefulness,  and  that  in  every 
large  establishment  doing  a  variety  of  work  all  four  of  these 
plans  can  and  should  be  used  at  the  same  time.  Three  of  these 
systems  were  in  use  at  the  Bethlehem  Steel  Company  when  the 
writer  left  there,  and  the  fourth  would  have  soon  been  started  if 
he  had  remained. 

178.  Before  leaving  this  part  of  the  paper  which  has  been  de- 
voted to  pointing  out  the  value  of  the  "  Daily  Task  "  in  manage- 
ment, it  would  seem  desirable  to  give  an  illustration  of  the  value  of 
the  "  Differential  Kate,"  and  also  of  the  desirability  of  making 
each  task  as  simple  and  short  as  practicable. 

179.  The  writer  quotes  as  follows  from  a  paper  entitled  "  A 
Piece  Rate  System,"  read  by  him  before  this  Society  in  1895 : 

180.  The  first  case  in  which  a  dififcrcntial  rate  was  applied  during  the  year  1884, 
furnishes  a  good  illustration  of  what  can  be  accomplished  by  it.  A  standard  steel 
forging,  many  thousands  of  which  are  us(»d  each  year,  had  for  several  .years  been 
turned  at  the  rate  of  from  four  to  five  per  day  under  the  ordinary  system  of  piece 
work,  50  cents  per  piece  being  the  price  paid  for  the  work.  After  analyzing  the 
job,  and  determining  the  shortest  time  required  to  do  each  of  the  el(?mentary 
operations  of  which  it  was  compos(»d,  and  then  summing  up  the  total,  the  ^Titer 
became  convinced  that  it  was  possible  to  turn  ten  pieces  a  day.  To  finish  the 
forgings  at  this  rate,  however,  the  machinists  were  obliged  to  work  at  their  maxi- 
mum pace  from  morning  to  night,  and  the  lathes  were  run  as  faat  as  the  tools 
would  allow,  and  under  a  heavy  feed.  (Ordinary  tempered  tools  1  inch  by  IJ 
inch  made  of  carbon  tool  steel,  were  used  for  this  work.) 

181.  It  will  be  appreciated  that  this  was  a  big  day's  work,  both  for  men  and 
machines,  when  it  is  understood  that  it  involved  removing,  with  a  single  16-inch 
lathe,  having  two  saddles,  an  average  of  more  than  800  lbs.  of  steel  chips  in  ten 
hours.  In  place  of  the  50  ec?nt  rate,  that  they  had  been  paid  before,  they  were 
given  35  cents  pc*r  piece  when  they  turned  them  at  the  speed  of  10  per  day,  and 
when  they  produced  less  than  ten,  they  received  only  25  cents  per  piece. 

182.  It  took  considerable  trouble  to  induce  the  men  to  turn  at  this  high  speed, 
since  they  did  not  at  first  fully  appreciate  that  it  was  the  intention  of  the  firm  to 
allow  them  to  earn  permanently  at  the  rate*  of  $3.50  per  day.  But  from  the  day 
they  first  turned  ten  pieces  to  the  pn^s<'nt  time,  a  p<  riod  of  more  than  ten  years, 
the  men  who  understood  their  work  have  scarcely  failed  a  single  day  to  turn  at 
this  rate.  Throughout  that  time  until  thr  beginning  of  the  rt*cent  fall  in  the 
scale  of  wages  throughout  the  country,  the  rate  was  not  cut. 

183.  During  this  whole  period,  the  eonipet  itors  of  the  eompany  never  succeeded 
in  averaging  over  half  of  this  prfKlnction  p  r  lathe,  although  they  knew  and  even 
saw  what  wjis  beins;  don<'  at  Mi(l\  air.  TIk  y,  lioweviT,  did  not  allow  their  men  to 
earn  over  from  $2.00  to  $2.ni)  jx-r  day,  and  so  n^vereven  approached  the  maxi- 
mum output. 

184.  The  following  table  \\'ill  show  t  he  economy  of  paying  high  wages  imder  the 
differential  rate  in  doing  thr  above  job: 
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COST  OF  PRODUCTION  PER  LATHE  PER  DAY. 


Ordinary  System  of  Piecework. 

Man's  wages $2 .  50 

Machine  cost 3 .  37 


Total  cost  per  day 5 .  87 

5  pieces  produced;  Cost  per  piece.Sl .  17 


Differential  Rate  System. 

Man's  wages    S3 .  50 

Machine  cost 3 .  37 


Total  cost  per  day 6.87 

10  pieces  produced ;  Cost  per  piece.SO .  69 


185.  The  above  result  was  mostly  though  not  entirely  due  to  the  differential  rate. 
The  superior  system  of  managing  all  of  the  small  details  of  the  shop  coimted  for 
considerable. 

186.  The  exceedingly  dull  times  that  began  in  July,  1893,  and 
were  accompanied  by  a  great  fall  in  prices,  rendered  it  necessary 
to  lower  the  wages  of  machinists  throughout  the  country.  The 
wages  of  the  men  in  the  Midvale  Steel  Works  were  reduced  at 
this  time,  and  the  change  was  accepted  by  them  as  fair  and  just. 

187.  Throughout  the  works,  however,  the  principle  of  the  differ- 
ential rate  was  maintained,  and  was,  and  is  still,  fully  appreciated 
by  both  the  management  and  men.  Through  some  error  at  the 
time  of  the  general  reduction  of  wages  in  1893,  the  differential 
rate  on  the  particular  job  above  referred  to  was  removed,  and  a 
straight  piece-work  rate  of  25  cents  per  piece  was  substituted  for 
it.  The  result  of  abandoning  the  differential  proved  to  be  the 
best  possible  demonstration  of  its  value.  Under  straight  piece 
work,  the  output  immediately  fell  to  between  six  and  eight  pieces 
per  day,  and  remained  at  this  figure  for  several  years,  although 
under  the  differential  rate  it  had  held  throughout  a  long  term  oi 
years  steadily  at  ten  per  day. 

188.  When  work  is  to  be  repeated  many  times,  the  time  study 
should  be  minute  and  exact.  Each  job  should  be  carefully  sub- 
divided into  its  elementary  operations,  and  each  of  these  "  unit 
times  ''  should  receive  the  most  thorough  time  study. 

180.  Tn  fixing  the  times  for  tlie  tasks,  and  the  piece-work  rates 
in  jobs  of  this  class,  the  job  sliould  be  subdivided  into  a  number  of 
divisions,  and  a  separate  time  and  price  assigned  to  each  division 
rather  than  to  assign  a  single  time  and  ])rice  for  the  whole  job. 
This  for  several  reasons,  the  most  iinj)ortant  of  which  is  that  the 
average  workman,  in  order  to  maintain  a  rapid  pace,  should  be 
given  the  opportunity  of  measuring  his  performance  against  the 
task  set  him  at  frequent  intervals.     Many  men  are  incapable  of 
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looking  very  far  ahead,  but  if  they  see  a  definite  opportunity  of 
earning  so  many  cents  by  working  hard  for  so  many  minutes, 
they  will  avail  themselves  of  it. 

190.  As  an  illustration,  the  steel  tires  used  on  car  wheels  and 
locomotives  were  originally  turned  in  the  Midvale  Steel  Works 
on  piece  work,  a  single  piece-work  rate  being  paid  for  all  of  the 
work  which  could  be  done  on  a  tire  at  a  single  setting.  A  fixed 
price  was  paid  for  this  work,  whether  there  was  much  or  little 
metal  to  be  removed,  and  on  the  average  this  price  was  fair  to  the 
men.  The  apparent  advantage  of  fixing  a  fair  average  rate  was, 
that  it  made  rate-fixing  exceedingly  simple,  and  saved  clerk  work 
in  the  time,  cost  and  record  keeping. 

191.  A  careful  time  study,  however,  convinced  the  writer  that 
for  the  reasons  given  above  most  of  the  men  failed  to  do  their  best. 
In  place  of  the  single  rate  and  time  for  all  of  the  w^ork  done  at  a 
setting,  the  writer  subdivided  tire-turning  into  a  number  of  short 
operations,  and  fixed  a  proper  time  and  price,  varying  for  each 
small  job,  according  to  the  amount  of  metal  to  be  removed,  and 
the  hardness  and  diameter  of  the  tire.  The  effect  of  this  sub- 
division was  to  increase  the  output,  with  the  same  men,  methods, 
and  machines,  at  least  thirty-three  per  cent. 

192.  As  an  illustration  of  the  minuteness  of  this  subdivision,  an 
instruction  card  similar  to  the  one  used  is  reproduced  on  the  next 
page.  (This  card  should  be  about  7  inches  long  by  4J  inches 
wide.) 

193.  The  cost  oi  the  additional  clerk  work  involved  in  this 
change  was  so  insignificant  that  it  practically  did  not  affect  the 
problem.  This  principle  of  short  tasks  in  tire  turning  was  intro- 
duced by  the  writer  in  th(»  ilidvale  Steel  Works  in  1883  and  is 
still  in  full  us(j  there,  having  survivcnl  the  test  of  twenty  years' 
trial  with  a  change  oi  nianagenient. 

194.  In  another  ostablislnnent  a  differential  rate  was  applied  to 
tire  turning,  witli  operations  subdivided  in  this  way,  by  adding  fif- 
teen per  cent,  to  tlie  })ay  of  each  tire  turner  whenever  his  daily  or 
weekly  piece  work  earninirs  ])nsse(l  a  given  figure. 

•  195.  Another  illustration  of  the  a})plication  of  this  principle  of 
measuring  a  man's  performance  against  a  given  task  at  frequent 
intervals  to  an  entirely  different  line  of  work  may  be  of  interest. 
For  this  purpose  the  writer  chooses  tlie  manufacture  of  bicycle 
balls  in  tlie  works  of  tlie  Syinonds  TJc^lHng  Maeliine  Company,  in 
Fitchburg,  Mass.     All  of  the  work  done  in  this  factory  was  sub- 
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Machine  shop 

Order  for Tires. 

Do  work  on  Tire  No : 

as  follows  and  per  blue  print 


Tern 
plet. 

Size  lo 

be  cut 

to. 

Depth 
of  cur. 

Driviiifl: 
belt. 

Feed. 

Rate. 

Time  this 

operation 

should  uke. 

Surface  to  be  machined  . 

Set     tire     on     machine 
ready  to  turn 

Rough  face  front  edge  . . 

. 

Finish  face  front  edge  . . 

Rough  bore  front 

Finish  bore  front 

Rough  face  front  I.  S.  C. 

Cut  out  filled 

Rough  bore  front  I.  S.F.. 

Rough  face  back  edge  .  . 

Finish  face  back  edge .  .  . 

Finish  bore  back 

Rough  bore  back 

1 

Rough  face  back  I.  S.  F  . 

Cut  out  filled 

1 

Cut  recess 

i 

Rough  turn  thread 

Finish  turn  thread , 

Rough  turn  flange , ' 

Finish  turn  flange ' 

1          ; 

Clean  fillet  of  flange  ... 

Remove  tire  from  ma-'             ' 
chine  and  clean  face              ' 
plate .    .  .  1 .  .    .    . 

1             1             1 
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jeeted  to  an  aceuTate  time  study,  and  then  was  chaugf'd  from  day 
to  piece  work  til  rough  the  asBistance  of  finietlonal  foremanshipj  etc. 
The  particular  operation  to  be  described,  however,  is  that  of 
inspt*t'ting  bicycle  balls  before  thej?  were  finallY  boxe«l  for  slilp- 
inent.  Many  millions  of  these  balls  were  inspected  annually. 
When  the  writer  undertook  to  systematize  this  work,  the  factory 
had  been  running  for  eight  or  ten  years  on  ordinary  day  work, 
so  that  the  various  employees  were  **  old  hands,''  and  skilled  at 
tlieir  jobs.  The  work  of  inspection  was  done  entirely  by  girla^ — 
about  one  hundred  and  twenty  being  employed  at  itr^all  on  day 
work. 

196<  This  work  consisted  briefly  in  placing  a  row  of  small  pol- 
ished steel  balls  on  the  back  of  the  left  hand,  in  the  crease  between 
two  of  the  fingers  pressed  together,  and  while  they  were  rolled  over 
and  over,  with  the  aid  of  a  magnet  held  in  the  right  handj  they 
were  minutely  examined  in  a  strong  light,  and  the  defective  balls 
picked  out  and  thrown  into  especial  boxes.  Four  kinds  of  defects 
were  looked  for — dented^  soft,  scratched*  and  fire  cracked — and 
they  were  mostly  so  minute  as  to  be  invisible  to  an  eye  not  espe- 
cially trained  to  tins  work.  It  roqnired  the  closest  attention  and 
concentration*  The  girls  had  worked  on  day  work  for  years,  ten 
and  one-half  hours  per  day,  with  a  Saturday  half-holiday, 

107,  The  first  move  before  in  any  way  stimiilatiug  thern  toward 
a  larger  output  was  to  insure  against  a  falling  off  in  quality.  This 
was  accomplished  through  over-inspection.  Four  of  the  most 
trustworthy  girls  were  given  each  a  lot  of  balls  which  had  been 
examined  the  day  before  by  one  of  the  regular  iua[>ectors.  The 
number  identifying  the  lot  having  been  changed  by  the  foreman 
so  that  none  of  the  over-inspectors  knew  whose  work  they  were 
examining.  In  addition,  one  of  the  lots  inspecte<l  by  the  four 
over'insf>ectors  was  examined  on  the  following  day  by  the  chief 
inspector,  selected  on  account  of  her  accuracy  and  integrity. 

108,  An  effective  expedient  was  adopted  for  checking  the  hon- 
esty and  accuracy  of  the  over-inspection.  Every  two  or  threo  days 
a  lot  of  balls  was  especially  prepared  by  the  foreman,  who 
counted  out  a  definite  number  of  perfect  balls,  and  added  a  re- 
corded number  of  defective  balls  of  each  kind.  The  inspectors 
bad  no  means  of  distinguishing  this  lot  from  the  regular  com- 
mercial lots.  And  in  this  way  all  temptation  to  slight  their  work 
or  make  false  returns  was  removed. 

199.  After  insuring  in  this  way  against  deterioration  in  quality, 
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effective  means  were  at  once  adopted  to  increase  the  output. 
Improved  day  work  was  substituted  for  the  old  slipshod  method. 
An  accurate  daily  record,  both  as  to  quantity  and  quality,  was 
kept  for  each  inspector.  In  a  comparatively  short  time  this 
enabled  the  foreman  to  stir  the  ambition  of  all  the  inspectors  by 
increasing  the  wages  of  those  who  turned  out  a  large  quantity 
and  good  quality,  at  the  same  time  lowering  the  pay  of  those  who 
fell  short,  and  discharging  others  who  proved  to  be  incorrigibly 
slow  or  careless.  An  accurate  time  study  was  made  through  the 
use  of  a  stop  watch  and  record  blanks,  to  determine  how  fast  each 
kind  of  inspection  should  be  done.  This  showed  that  the  girls 
spent  a  considerable  part  of  their  time  in  partial  idleness,  talking 
and  half  working,  or  in  actually  doing  nothing. 

200.  Talking  while  at  work  Avas  stopped  by  seating  them  far 
apart.  The  hours  of  work  were  shortened  from  10^  per  day,  first 
to  9 J,  and  later  to  8J;  a  Saturday  half  holiday  being  given  them 
even  with  the  shorter  hours.  Two  recesses  of  ten  minutes  each 
were  given  them,  in  the  middle  of  the  morning  and  afternoon, 
during  which  they  were  expected  to  leave  their  seats,  and  were 
allowed  to  talk. 

201.  The  shorter  hours,  and  improved  conditions,  made  it  pos- 
sible for  the  girls  to  really  work  steadily,  instead  of  pretending  to 
do  so.  Piece  work  was  then  introduced,  a  differential  rate  being 
paid,  not  for  an  increase  in  output,  but  for  greater  accuracy  in  the 
inspection;  the  lots  inspected  by  the  over-inspectors  forming  the 
basis  for  the  payment  of  the  differential.  The  work  of  each  girl 
was  measured  every  hour,  and  they  were  all  informed  whether 
they  were  keeping  up  with  their  tasks,  or  how  far  they  had  fallen 
short;  and  an  assistant  was  sent  by  the  foreman  to  encourage 
those  who  were  falling  behind,  and  help  them  to  catch  up. 

202.  The  principle  of  measuring  the  performance  of  each  work- 
man against  a  standard  at  frequent  intervals,  of  keeping  them  in- 
formed as  to  their  progress,  and  of  sending  an  assistant  to  help 
those  who  were  falling  down,  was  carried  out  throughout  the 
works,  and  proved  to  be  most  useful. 

203.  The  final  results  of  the  improved  system  in  the  inspecting 
department  are  as  follows : 

1.  Thirty-five  girls  did  the  work  formerly  done  by  one  hun- 
dred and  twenty. 

2.  The  girls  averaged  from  $6.50  to  $9.00  per  week  instead  of 
$3.50  to  $4.50,  as  formerly. 
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3.  They  worked  only  8^  hours  per  day,  with  Saturday  half- 
holiday,  when  they  had  formerly  worked  10^  hours  per  day. 

4.  An  accurate  comparison  of  the  balls  which  were  inspected 
under  the  old  system  of  day  work  with  those  done  under  piece 
work,  with  over-inspection,  showed  that,  in  spite  of  the  large  in- 
crease in  output  per  girl,  there  were  58  per  cent,  more  defective 
balls  left  in  the  product  as  sold  under  day  work  than  under  piece 
work.  In  other  words,  the  accuracy  of  inspection  under  piece 
work  was  one-third  greater  than  that  under  day  work. 

204.  That  thirty-five  girls  were  able  to  do  the  work  which  for- 
merly required  about  one  hundred  and  twenty  is  due,  not  only  to 
the  improvement  in  the  work  of  each  girl,  owing  to  better  methods, 
but  to  the  weeding  out  of  the  lazy  and  unpromising  candidates, 
and  the  substitution  of  more  ambitious  individuals. 

205.  A  more  interesting  illustration  of  the  effect  of  the  im- 
proved conditions  and  treatment  is  shown  in  the  following  com- 
parison :  Kecords  were  kept  of  the  work  of  ten  girls,  all  "  old 
hands,"  and  good  inspectors,  and  the  improvement  made  by  these 
skilled  hands  is  undoubtedly  entirely  due  to  better  management. 
All  of  these  girls  throughout  the  period  of  comparison  were  en- 
gaged on  the  same  kind  of  work,  viz. :  inspecting  bicycle  balls, 
three-sixteenths  of  an  inch  in  diameter. 

206.  The  work  of  organization  began  in  March,  and  although 
the  records  for  the  first  three  months  were  not  entirely  clear,  the 
increased  output  due  to  better  day  work  amounted  undoubtedly  to 
33  per  cent. 

The  increase  per  day  from  June  on  day  work,  to  July  on  piece  work, 

the  hours  each  month  being  10} 37  per  cent. 

207.  This  increase  was  due  to  the  introduction  of  piece  work. 

Increase  per  day  from  July  to  Aug.     Length  of  working  day  in  July 

being  10  J  hours,  and  in  Aug.  9}  hours,  both  months  piece  work. . .  ,33  per  cent. 

Increase  Aug.  to  Sept.     I^ength  of  working  day  in  Aug.  being  9}  hours, 

and  in  Sept.,  8i  hours 0.08  per  cent. 

208.  That  is,  the  girls  did  practically  the  same  amount  of  work 
per  day  in  September,  in  S  J  hours,  that  they  did  in  August  in  9^ 
hours. 

209.  To  summarize :  Tlie  same  ten  f^irls  did  on  an  average  each 
day  in  September,  on  piece  work,  when  only  working  8^  hours  per 
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day,  2.42  times  as  much,  or  nearly  two  and  one-half  times  as 
much,  in  a  day  (not  per  hour,  the  increase  per  hour  was  of 
course  much  greater)  as  they  had  done  when  working  on  day 
work  in  March  with  a  working  day  of  10^  hours.  They  earned 
$6.50  to  $9.00  per  week  on  piece  work,  while  they  had  only  earned 
$3.50  to  $4.50  on  day  work.  The  accuracy  of  inspection  under 
piece  work  was  one-third  greater  than  under  day  work. 

210.  The  time  study  for  this  work  was  done  by  my  friend,  San- 
ford  E.  Thompson,  C.  E.,  who  also  had  the  actual  management  of 
the  girls  throughout  the  period  of  transition.  At  this  time,  Mr. 
H.  L.  Gantt  was  general  superintendent  of  the  company,  and  the 
work  of  systematizing  was  under  the  general  direction  of  the 
writer. 

211.  It  is,  of  course,  evident  that  the  nature  of  the  organiza- 
tions required  to  manage  different  types  of  business  must  vary  to 
an  enormous  extent,  from  the  simple  tonnage  works  (with  its  uni-r 
form  product,  which  is  best  managed  by  a  single  strong  man  who 
carries  all  of  the  details  in  his  head  and  who,  with  a  few  com- 
paratively cheap  assistants,  pushes  the  enterprise  through  to 
success),  to  the  large  machine  works  doing  a  miscellaneous  busi- 
ress,  with  its  intricate  organization,  in  which  the  work  of  any  one 
man  necessarily  counts  for  but  little. 

212.  It  is  this  great  difference  in  the  type  of  the  organization 
required  that  so  frequently  renders  managers  who  have  been  emi- 
nently successful  in  one  line  utter  failures  when  they  undertake 
the  direction  of  works  of  a  different  kind.  This  is  particularly 
true  of  men  successful  in  tonnage  work  who  are  placed  in  charge 
of  shops  involving  much  greater  detail. 

213.  In  selecting  an  organization  for  illustration,  it  would  seem 
best  to  choose  one  of  the  most  elaborate.  The  manner  in  which 
this  can  be  simplified  to  suit  a  less  intricate  case  will  readily  sug- 
gest itself  to  any  one  interested  in  the  subject.  One  of  the  most 
difficult  works  to  organize  is  that  of  a  large  engineering  establish- 
ment building  niiscellanc^ous  niacliinery,  and  the  writer  has  there- 
fore chosen  this  for  description. 

214.  Practically  all  of  the  sliops  of  this  class  are  organized 
upon  wliat  may  be  called  the  niilitarv  plan.  The  orders  from  the 
general  are  transmitted  through  the  colonels,  majors,  captains, 
li(mtenants  and  non-connnissioned  officers  to  the  men.  In  the 
same  way  the  orders  in  industrial  establishments  go  from  the 
manager   through   superintendents,   foremen   of   shops,   assistant 
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foremen  and  gang  bosses  to  the  men.  In  an  establishment  of 
this  kind  the  duties  of  the  foremen,  gang  bosses,  etc.,  are  so 
varied,  and  call  for  an  amount  of  special  information  coupled 
with  such  a  variety  of  natural  ability,  that  only  men  of  unusual 
qualities  to  start  with,  and  who  have  had  years  of  special  train- 
ing, can  perform  them  in  a  satisfactory  manner.  It  is  because 
of  the  difficulty  (almost  the  impossibility)  of  getting  suitable 
foremen  and  gang  bosses,  etc.,  more  than  for  any  other  reason, 
that  we  so  seldom  hear  of  a  miscellaneous  machine  works  start- 
ing in  on  a  large  scale  and  meeting  with  much,  if  any,  suc- 
cess for  the  first  few  years.  Tliis  difficulty  is  not  fully  realized 
by  the  managers  of  the  old  well  established  companies,  since  their 
superintendents  and  assistants  have  grown  up  with  the  business, 
and  have  been  gradually  worked  into  and  fitted  for  their  especial 
duties  through  years  of  training  and  the  process  of  natural  selec- 
tion. Even  in  these  establishments,  however,  this  difficulty  has 
impressed  itself  upon  the  managers  so  forcibly  that  most  of  them 
have  of  late  years  spent  thousands  of  dollars  in  re-grouping  their 
machine  tools  for  the  purpose  of  making  their  foremanship  more 
effective.  The  planers  have  been  placed  in  one  group,  slotters  in 
another,  lathes  in  another,  etc.,  so  as  to  demand  a  smaller  range 
of  experience  and  less  diversity  of  knowledge  from  their  respec- 
tive foremen.  For  an  establishment,  then,  of  this  kind,  starting 
up  on  a  large  scale,  it  may  be  said  to  be  an  impossibility  to  get 
suitable  superintendents  and  foremen.  The  writer  found  this 
difficulty  at  first  to  be  an  almost  insurmoimtable  obstacle  to  his 
work  in  organizing  manufacturing  establishments;  and  after 
years  of  experience,  overcoming  the  opposition  of  the  heads  of 
departments  and  the  foremen  and  gang  bosses,  and  training  them 
to  their  new  duties^  still  remains  the  greatest  problem  in  organ- 
ization. The  writer  has  had  comparatively  little  trouble  in  in- 
ducing workuKMi  to  change  their  ways  and  to  increase  their  speed, 
providing  the  ])roper  object  lessons  are  ])resented  to  them,  and 
time  enough  is  allowed  for  these  to  produce  their  effect.  It  is 
rarely  the  ('ase,  however,  that  superintendents  and  foremen  can 
find  any  reasons  for  chanuing  their  methods,  which,  as  far  as 
they  can  see,  have  been  successful.  And  having,  as  a  rule,  ob- 
tained their  ])ositi<)ns  owing  to  their  unusual  force?  of  character, 
and  being  accu^tonied  diiily  to  rule  other  men,  their  opposition 
is  generally  effective. 

215.  In  the  writer's  experience,  almost  all  shops  are  under- 


1388  SHOP   MANAGEMENT. 

officered.     Invariably  the  number  of  leading  men  employed  is  not 
sufficient  to  do  the  work  economically. 

216.  Under  the  military  type  of  organization,  the  foreman  is 
held  responsible  for  the  successful  running  of  the  entire  shop,  and 
when  we  measure  his  duties  by  the  standard  of  the  four  leading 
principles  of  management  above  referred  to,  it  becomes  apparent 
that  in  his  case  these  conditions  are  as  far  as  possible  from 
being  fulfilled.  His  duties  may  be  briefly  enumerated  as  fol- 
lows :  He  must  lay  out  the  work  for  the  whole  shop,  see  that  each 
piece  of  work  goes  in  the  proper  order  to  the  right  machine,  and 
that  the  man  at  the  machine  knows  just  what  is  to  be  done  and 
how  he  is  to  do  it.  He  must  see  that  the  work  is  not  slighted,  and 
that  it  is  done  fast,  and  all  the  while  he  must  look  ahead  a  month , 
or  so,  either  to  provide  more  men  to  do  the  work  or  more  work 
for  the  men  to  do.  He  must  constantly  discipline  the  men  and 
readjust  their  wages,  beside  fixing  piece  work  prices  and  super- 
vising the  timekeeping. 

217.  The  first  of  the  four  leading  principles  in  management 
calls  for  a  "  clearly  defined  and  circumscribed  task.''  Evidently 
the  foreman's  duties  are  in  no  way  clearly  circumscribed.  It  is  left 
each  day  entirely  to  his  judgment  what  small  part  of  the  mass  of 
duties  before  him  it  is  most  important  for  him  to  attend  to,  and 
he  staggers  along  under  this  fraction  of  the  work  for  which  he 
is  responsible,  leaving  the  balance  to  be  done  in  many  cases  as 
the  gang  bosses  and  workmen  see  fit. 

218.  The  second  principle  calls  for  "  such  conditions  that  the 
daily  task  can  always  be  accomplished."  The  conditions  in  his 
case  are  always  such  that  it  is  impossible  for  him  to  do  it  all,  and 
he  never  even  makes  a  pretence  of  fulfilling  his  entire  task. 

219.  The  third  and  fourth  principles  call  for  high  pay  in  case 
the  task  is  successfully  done,  and  low  pay  in  case  of  failure. 

220.  The  failure  to  realize  the  first  two  conditions,  however,  ren- 
ders the  application  of  the  last  two  out  of  the  question.  The  fore- 
man usually  endeavors  to  lighten  his  burdens  by  delegating  his 
duties  to  the  various  assistant  foremen  or  gang  bosses  in  charge  of 
lathes,  planers,  milling  machines,  vise  work,  etc.  Each  of  these 
men  is  then  called  upon  to  perforin  duties  of  almost  as  great  vari- 
ety as  those  of  the  foreman  himself.  The  difficulty  in  obtaining 
in  one  man  the  variety  of  special  information  and  the  different 
m(  ntal  and  moral  qualities  necessary  to  perform  all  of  the  duties 
demanded  of  these  men  has  been  clearly  summarized  as  follows: 
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221.  Those  nine  qualities  go  to  make  up  a  well  rounded  man: 
Brains, 

Education, 

Special  or  technical  knowledge;  manual  dexterity  or  strength. 

Tact, 

Energy, 

Grit, 

Honesty, 

Judgment  or  common  sense  and 

Good  health. 

222.  Plenty  of  men  who  possess  only  three  of  the  above  quali- 
ties can  be  hired  at  any  time  for  laborers'  wages.  Add  four  of  these 
qualities  together  and  you  get  a  higher  priced  man.  The  man 
combining  five  of  these  qualities  begins  to  be  hard  to  find,  and 
those  with  six,  seven,  and  eight  are  almost  impossible  to  get. 
Having  this  fact  in  mind,  let  us  go  over  the  duties  which  a  gang 
boss  in  charge,  say,  of  lathes  or  planers,  is  called  upon  to  perform, 
and  note  the  knowledge  and  qualities  which  they  call  for : 

223.  First.  He  must  be  a  good  machinist — and  this  alone  calls 
for  years  of  special  training,  and  limits  the  choice  to  a  compara- 
tively small  class  of  men. 

224.  Second.  He  must  be;  able  to  read  drawings  readily,  and 
have  sufficient  imagination  to  see  the  work  in  its  finished  state 
clearly  before  him.  This  calls  for  at  least  a  certain  amount  of 
brains  and  education. 

•  225.  Third,  lie  must  ])lan  ahead  and  see  that  the  right  jigs, 
clamps  and  appliances,  as  well  as  proper  cutting  tools,  are  on  hand, 
and  are  used  to  sot  the  work  correctly  in  the  machine  and  cut  the 
metal  at  the  right  speed  and  feed.  This  calls  for  the  ability  to 
concentrate  the  mind  upon  a  nmltitude  of  small  details,  and  take 
pains  with  little,  uninteresting  things. 

22G.  Fourth.  He  must  see  that  eacli  man  keeps  his  machine 
clean  and  in  good  order.  This  calls  for  the  example  of  a  man 
who  is  naturally  neat  and  orderly  himself. 

227.  Fifth.  1I(*  must  see  that  eneh  man  turns  out  work  of  the 
proper  quality.  This  calls  for  the-  eonsorvative  judgment  and  the 
honesty  which  are  the  qualities  of  a  good  ins])eetor. 

225.  Sixth.  He  must  see  that  the  men  under  him  work  steadily 
and  fast.  To  aeconi}>li«<li  this  ho  should  himself  be  a  hustler,  a  man 
of  energy,  ready  to  ])itcli  in  and  infuse  life  into  his  men  by  work- 
ing faster  than  they  do,  and  this  quality  is  rarely  combined  with 
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the  painstaking  care,  the  neatness  and  the  conservative  judgment 
demanded  as  the  third,  fourth,  and  fifth  requirements  of  a  gang 
boss. 

220.  Seventh.  He  must  constantly  look  ahead  over  the  whole 
field  of  work  and  see  that  the  parts  go  to  the  machines  in  their 
proper  sequence,  and  that  the  right  job  gets  to  each  machine. 

230.  Eighth.  He  must,  at  least  in  a  general  way,  supervise  the 
timekeeping  and  fix  piece  work  rates. 

Both  the  seventh  and  eighth  duties  call  for  a  certain  amount  of 
clerical  work  and  ability,  and  this  class  of  work  is  almost  always 
repugnant  to  the  man  suited  to  active  executive  work,  and  diffi- 
cult for  him  to  do ;  and  the  rate-fixing  alone  requires  the  whole 
time  and  careful  study  of  a  man  especially  suited  to  its  minute 
detail. 

231.  Ninth.  He  must  discipline  the  men  under  him,  and  re- 
adjust their  wages;  and  these  duties  call  for  judgment,  tact  and 
judicial  fairness. 

232.  It  is  evident,  then,  that  the  duties  which  the  ordinary  gang 
boss  is  called  upon  to  perform  would  demand  of  him  a  large  pro- 
portion of  the  nine  attributes  mentioned  above ;  and  if  such  a  man 
could  be  found,  he  should  be  made  manager  or  superintendent  of  a 
works  instead  of  gang  boss.  However,  bearing  in  mind  the  fact 
that  plenty  of  men  can  be  had  who  combine  four  or  five  of  these  at- 
tributes, it  becomes  evident  that  the  work  of  management  should 
be  so  subdivided  tliat  the  various  positions  can  be  filled  by  men  of 
this  calibre,  and  a  great  part  of  the  art  of  management  undoubt- 
edly lies  in  planning  the  work  in  this  way.  This  can,  in  the  judg- 
ment of  the  writer,  be  best  accomplished  by  abandoning  the  mili- 
tary TYPE  OF  ORGANIZATION  and  iutroduc'ing  two  broad  and  sweep- 
ing changes  in  the  art  of  management : 

233.  First.  As  far  as  possible  the  workmen,  as  well  as  the  gang 
bosses  and  foremen,  sliould  be  entirely  relieved  of  the  work  of 
planning,  and  of  all  work  which  is  more  or  less  clerical  injts 
nature.  All  possible  brain  work  sliould  be  removed  from  the 
shop  and  centred  in  the  planning  or  laying-out  department,  leav- 
ing for  the  foremen  and  .c:ang  bosses  work  strictly  executive  in  its 
nature ;  their  duties  being  to  see  that  the  operations  planned  and 
directed  from  the  planning  room  are  promptly  carried  out  in  the 
shop.  Their  time  should  be  spent  with  the  men,  teaching  them  to 
think  ahead,  and  leading  and  instructing  them  in  their  work. 

Second.  Throughout  the  whole  field  of  management  the  mili- 
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tarj  type  of  organization  should  be  abandonecU  and  what  maj  be 
called  the  "  fimrtional  type  "  substituted  hi  its  place. 

234,  '*  Functional  management  "  consists  in  bo  dividing  the 
work  of  niaDa^njement  thateaehman  from  the  assistant  superintend- 
ent down  shall  have  as  few  functions  as  possible  to  prrfonn.  If 
pra<'fieaMe  the  work  of  eacli  man  in  the  management  should  be 
confined  to  the  performance  of  a  single  leading  function.  Under 
the  oniinarv  or  militBry  ty|je  the  workmen  are  divided  into  groups. 
The  men  in  eneh  group  rceoive  their  orders  from  one  man  only, 
the  foreman  or  gang  boss  of  that  group.  This  man  is  the  single 
agent  through  which  lliD  various  functions  of  the  management  are 
brought  into  contact  with  the  men.  Certainly  the  most  marked 
outward  ebaracteristic  of  "  Functional  Management  ^'  lies  in  the 
fact  that  eacli  workman,  instead  of  coming  in  direct  contact  with 
the  management  at  one  point  only,  namely,  through  liis  gang 
boss,  receives  his  daily  onJers  and  help  directly  from  eight  differ- 
ent bosses,  each  of  whom  performs  his  own  particular  ftmction. 
Four  of  these  bosses  are  in  the  planning  room  and  of  these  three 
send  tlieir  orders  to  and  receive  their  returns  from  the  men,  nsTx- 
ally  in  writing.  Four  others  are  in  the  shop  and  personally  help 
the  men  in  their  work^  each  boss  helping  in  his  own  particular 
line  or  function  only.  Some  of  these  bosses  come  in  contact  with 
each  man  only  once  or  twice  a  day  and  then  for  a  few  minutes 
perhaps,  while  others  are  with  the  men  all  the  time,  and  help 
each  man  frequently*  The  functions  of  one  or  two  of  these 
(bosses  require  them  to  come  in  contact  with  each  workman  for 
so  short  a  time  each  day  that  they  can  perform  their  particular 
iluties  perliap.^  for  all  of  the  men  in  the  shop;  anci  in  tljeir  hue 
they  manage  the  entire  shop,  while  other  bosses  are  called  upon 
to  help  their  men  so  much  and  so  often  that  each  boss  can  per- 
form his  function  for  but  a  few  men,  and  in  this  particular  line 
a  number  of  bosses  are  required,  all  performing  tlie  same  func- 
tion but  each  having  his  particular  group  of  men  to  help,  Thua 
the  grouping  of  the  men  in  the  shop  is  entirely  changed,  each 
workman  belonging  to  eight  different  groups  according  to  the  par- 
ticular functional  boss  whom  he  happens  to  be  working  under  at 
the  ti!ue. 

535,  The  following  Ls  a  brief  description  of  the  duties  of  the 
foul"  types  of  executive  functional  bosses  wOiich  tlie  ^^Titer  has 
found  it  profitable  to  use  in  the  active  work  of  the  shop :  "  Gang 
Bosses/'  *'  Speed  Bosses/^  ^*  Inspector/^  and  *'  Repair  Bosses." 
89 
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23G.  The  gang  boss  has  charge  of  the  preparation  of  all  work 
up  to  the  time  that  the  piece  is  set  in  the  machine.  It  is  his 
duty  to  see  that  every  man  under  him  has  at  all  times  at  least 
one  piece  of  work  at  his  machine,  with  all  the  jigs,  templets,  draw- 
ings, driving  mechanism,  sling  chains,  etc.,  ready  to  go  into  his 
machine  as  soon  as  the  piece  he  is  actually  working  on  is  done. 
The  gang  boss  must  show  his  men  how  to  set  their  work  in  their 
machines  in  the  quickest  time,  and  see  that  they  do  it.  He  is 
responsible  for  the  work  being  accurately  and  quickly  set,  and 
sliould  be  not  only  able  but  willing  to  pitch  in  himself  and  show 
the  men  how  to  set  the  work  in  record  time. 

237.  The  speed  boss  must  see  that  the  proper  cutting  tools 
are  used  for  each  piece  of  work,  that  the  work  is  properly  driven, 
that  the  cuts  are  started  in  the  right  part  of  the  piece,  and  that 
the  best  speeds  and  feeds  and  depth  of  cut  are  used.  His  work 
begins  only  after  the  piece  is  in  the  lathe  or  planer,  and  ends 
when  the  actual  machining  ends.  The  speed  boss  must  not  only 
advise  his  men  how  to  best  do  this  work,  but  he  must  see  that 
they  do  it  in  the  quickest  time,  and  that  they  use  the  speeds  and 
feeds  and  depth  of  cut  as  directed  on  the  instruction  card.  In 
many  cases  he  is  called  upon  to  demonstrate  that  the  work  can 
be  done  in  the  specified  time  by  doing  it  himself  in  the  presence 
of  his  men. 

238.  The  inspector  is  responsible  for  the  quality  of  the  work, 
and  both  the  workmen  and  speed  bosses  must  see  that  the  work 
i-^  all  finished  to  suit  him.  Tliis  man  can,  of  course,  do  his  work 
best  if  he  is  a  master  of  the  art  of  finishing  work  both  well  and 
quickly. 

239.  The  repair  boss  sees  that  eacli  workman  keeps  his 
machine  clean,  free  from  rust  and  scratches,  and  that  he  oils  and 
treats  it  properly,  and  that  all  of  the  standards  established  for  the 
care  and  maintenance  of  the  machines  and  their  accessories  are 
rigidly  maintained,  such  as  care  of  belts  and  shifters,  cleanliness 
of  floor  around  machines,  and  orderly  piling  and  disposition  of 
work. 

240.  The  following  is  an  outline  of  the  duties  of  the  four  func- 
tional bosses  who  are  a  part  of  the  planning  department,  and  who 
in  their  various  functions  re])resent  this  department  in  its  connec- 
tion with  tlie  men.  The  first  three  of  these  send  their  directions 
to  and  receive  their  returns  from  the  men,  mainly  in  writing. 
These  four  representatives  of  the  planning  room  are,  the  "  order 


SHOP    MANAGEMENT. 


1S98 


of  work  clerk,*'  ^'  instruction  carti  men/'  "  time  and  cost  clerk/* 
and  *'  shop  disf'tplinarian." 

241.  **  Order  of  WWh  or  Rmde  Ol^rk.^''^ After  the  proper  man 
in  the  planning  department  has  laid  out  the  exact  route  which 
eaeh  piece  of  work  is  to  travel  through  the  shop  from  machine  to 
machine  in  order  that  it  may  be  finished  at  the  time  it  is  needed 
for  assemblings  and  the  work  done  in  the  most  economical  way, 
the  "  route  clerk  "  daily  writes  lists  instructing  the  workmen 
and  also  all  of  the  executive  shop  bosses  as  to  the  exact  order  in 
which  the  work  is  to  be  done  by  each  class  of  machines  or  men, 
and  these  lists  constitute  the  chief  means  for  directing  the  work- 
men in  this  particular  function, 

242.  Instmefion  Card  Men.- — The  *'  instruction  card/'  aa  its 
name  indicates,  is  the  chief  u^eam?  €mph>yed  by  tlie  planning  de- 
partment in  instructing  both  the  executive  bosses  and  the  men  in 
all  of  the  details  of  tlieir  work.  It  tells  them  briefly  the  general 
and  detail  drawing  to  refer  to,  the  piece  number  and  the  cost 
order  number  to  charge  the  work  to,  tlie  special  jigs,  iixtures,  or 
tools  to  use,  where  to  start  each  cut,  the  exact  depth  of  each  cut, 
and  how  many  cuts  to  take,  the  speed  and  feed  to  be  used  for 
earh  cut,  and  the  time  within  which  each  operation  must  be  fin- 
ished. It  also  informs  them  as  to  the  piece  rate,  the  differential 
rate  or  the  ]>remium  to  be  paid  for  completing  the  task  within 
the  specified  time  (according  to  the  system  employed):  and 
further,  when  necessary,  refers  them  by  name  to  the  man  wlio 
will  give  them  especial  directions.  This  instruction  card  is  filled 
ill  by  one  or  more  members  of  the  planning  department,  aeeord- 
ing  to  the  nature  and  complication  of  the  instructions,  and  bears 
the  same  relation  to  the  planning  room  that  the  drawing  does  to 
the  drafting  room.  The  man  who  scntU  it  into  the  shop  and 
who»  in  ease  difficulticB  are  met  with  in  carrying  out  the  instrue- 
tionB,  sees  that  the  proper  man  sweeps  these  difficulties  away,  is 
called  "  the  instruction  card  foreman," 

243.  Time  and  Cost  Cferk, — This  man  sends  to  the  men  througli 
the  **  instruction  card  "  all  the.  information  they  need  for  record- 
ing  tlieir  time  and  the  cost  of  the  work,  and  secures  proper  returns 
from  (hem  and  refers  these  for  entry  to  the  cost  and  time  record 
clerks  in  the  planning  room, 

244.  Shop  DhripJ  in  avian. — In  case  of  iusubordinaUon  or  im- 
pudence, repeated  failure  to  do  their  duty,  lateness  or  unexcnscd 
absence^  the  shop  disciplinarian  takes  the  workman  or  bosses  in 
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hand  and  applies  the  proper  remedy,  and  sees  that  a  complete 
record  of  each  man's  virtues  and  defects  is  kept.  This  man 
should  also  have  much  to  do  with  readjusting  the  wages  of  the 
workmen.  At  the  very  least,  he  should  invariably  be  consulted 
before  any  change  is  made.  One  of  his  important  functions 
should  be  that  of  peace-maker. 

245.  Thus  we  see,  under  Functional  Foremanship,  the  work 
which,  with  the  military  type  of  organization,  was  done  by  the 
single  "  gang  boss,"  subdivided  among  eight  men. 

''Route  Clerks,^^  ''Instruction  Card  Men/^  "Cost  and  Time 
Clerks.'''' — Who  plan  and  give  directions  from  the  planning 
room. 

"  Oang  Bosses"  "  Speed  Bosses,'^  "  InspectorSy''  "  Repair  Bosses.^* 
— Who  show  the  men  how  to  carry  out  their  instructions,  and  see 
that  the  work  is  done  at  the  proper  speed. 

And  the  "  Shop  Disciplinarian,'^ — Who  performs  this  func- 
tion for  the  entire  establishment. 

246.  The  greatest  good  resulting  from  this  change  is  that  it  be- 
comes possible  in  a  comparatively  short  time  to  train  bosses  who 
can  really  and  fully  perform  the  functions  demanded  of  them, 
while  under  the  old  system  it  took  years  to  train  men  who  were 
after  all  able  to  thoroughly  perform  only  a  portion  of  their 
duties.  A  glance  at  the  nine  qualities  needed  for  a  well  rounded 
man  and  then  at  the  duties  of  the  "  functional  foreman  "  will  show 
that  each  of  these  men  requires  but  a  limited  number  of  the  nine 
qualities  in  order  to  successfully  fill  his  position;  and  that  the 
special  knowledge  which  he  must  acquire  forms  only  a  small  part 
of  that  needed  by  the  old  style  gang  boss.  The  writer  has  seen 
men  taken  (some  of  them  from  the  ranks  of  the  workmen,  others 
from  the  old  style  bosses  and  others  from  among  the  graduates 
of  industrial  schools,  technical  schools  and  colleges)  and  trained 
to  become  efficient  functional  foremen  in  from  six  to  eighteen 
months.  Thus  it  becomes  possible  with  functional  foremanship  to 
thoroughly  and  completely  equip  even  a  new  company  starting 
on  a  large  scale  witli  competent  officers  in  a  reasonable  time,  which 
is  entirely  out  of  the  question  under  the  old  system.  Another 
great  advantage  resultinir  from  divided  foremanship  is  that  it 
becomes  entirely  iiraeticnble  to  ap])ly  the  four  leading  principles 
of  management  to  the  bosses  as  well  as  to  the  workmen.  Each 
foreman  can  have  a  tai-k  jissigned  him  which  is  so  accuratel;y 
measured  that  he  will  be  kept  fully  occupied  and  §tiU  will  daily 
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[,Able  to  perform  bis  entire  function.  This  renders  it  possible 
to  pay  hira  high  wages  when  he  is  successful  by  giving  him  a  pre- 
mium similar  to  that  offered  the  men  and  leaTe  him  with  low  pay 
when  he  fails. 

247-  The  full  possibilities  of  functional  foremanship,  however, 
will  not  have  been  realized  until  almost  all  of  the  machines  in  the 
shop  are  run  by  men  who  are  of  smaller  calibre  and  attainmentSj 
and  who  are  therefore  cheaper  than  thc^se  required  under  the  old 
system.  The  adoption  of  standard  tools,  appliances  and  methods 
throughout  the  shop,  the  planning  done  in  the  planning  room  and 
the  detailed  instructions  scut  them  from  thi^  department,  added 
to  the  direct  help  received  from  the  four  executive  bosses,  permit 
the  use  of  comparatively  cheap  men  even  on  complicated  work. 
Of  the  men  in  the  machine  shop  of  the  Bethlehem  Steel  Company 
engaged  in  running  the  roughing  machines,  and  who  were  working 
under  the  bonus  system  when  the  writer  left  tbemj  about  95  per 
cent,  were  handy  men  trained  up  from  laborers.  And  on  the 
finisljiug  machines  working  on  bonna  about  25  per  cent,  were 
handy  men. 

248,  To  fully  understand  the  importance  of  the  work  which  was 
being  done  by  these  foriuer  laborers,  it  must  be  borne  in  mind 
that  fl  considerable  part  of  their  wark  was  very  large  and  expen- 
sive. The  forgiugs  which  they  were  engaged  in  roughing  and 
fimshing  weighed  frequently  many  tons, 

240,  Of  course  they  were  paid  more  than  laborer's  wmges, 
tliough  not  as  much  as  skilled  machinists.  The  work  in  this  shop 
was  most  miscellaneous  in  it;^  nature. 

250.  Functional  foremanship  is  already  in  limited  use  in  many 
of  the  hest  managed  shops.  A  number  of  managers  have  seen  the 
practical  good  that  arises  from  allowing  two  or  three  men  especi- 
ally trained  in  their  particular  lines  to  deal  directly  with  the  men 
instead  of  at  second  hand  through  the  old  style  gang  boss  as  a 
mouthpiece.  So  deep  rooted,  howeTer,  is  the  conviction  that  the 
very  foundation  of  management  rests  in  the  military  tyjie  as  repre-" 
sented  by  the  principle  that  no  w*orkmancan  work  under  two  bosses 
at  the  sarue  time,  that  all  of  the  managers  who  are  making  lim- 
ited use  of  tin*  functional  ]dau  seem  to  feel  it  necessary  to  apol- 
ogize for  or  explain  awmy  their  use  of  it;  as  not  really  in  this 
particular  case  being  a  violation  of  that  principle.  The  writer 
has  never  yet  found  one,  except  among  the  works  which  he  had 
assisted  in  organizing,  who  came  out  squarely  and  acknowledged 
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that  he  was  using  functional  foremanship  because  it  was  the  right 
principle. 

251.  The  writer  introduced  five  of  the  elements  of  functional 
foremanship  into  the  management  of  the  small  machine  shop  of 
the  Midvale  Steel  Company  of  Philadelphia  while  he  was  foreman 
of  that  shop  in  1882-1883— the  "  Instruction  Card  Man,"  the 
''Time  Clerk,"  the  "  Inspector,"  the  "Gang  Boss,"  and  the  "Shop 
Disciplinarian."  Each  of  these  functional  bosses  dealt  directly 
with  the  workmen  instead  of  giving  their  orders  through  the 
"  Gang  Boss."  The  dealings  of  the  "  Instruction  Card  Man  " 
and  "  Time  Clerk  "  with  the  workmen  were  mostly  in  writing, 
and  the  writer  himself  performed  the  functions  of  "  Shop  Dis- 
ciplinarian," so  that  it  was  not  until  he  introduced  the  "  Inspec- 
tor," with  orders  to  go  straight  to  the  men  instead  of  to  the  gang 
boss,  that  he  appreciated  the  desirability  of  functional  foreman- 
ship  as  a  distinct  principle  in  management. 

252.  The  prepossession  in  favor  of  the  military  type  was  so 
strong  with  the  managers  and  owners  of  Midvale  that  it  was  not 
until  years  after  functional  foremanship  was  in  continual  use  in 
this  shop  that  he  dared  to  advocate  it  to  his  superior  oflScers  as  the 
correct  principle. 

253.  Until  very  recently  in  his  organization  of  works  he  has 
found  it  best  to  first  introduce  five  or  six  of  the  elements  of  func- 
tional foremanship  quietly,  and  get  them  running  smoothly  in  a 
shop  before  calling  attention  to  the  principle  involved;  and  when, 
the  time  for  this  announcement  comes,  it  invariably  acts  as  the 
proverbial  red  rag  on  the  bull.  It  is  only  within  the  last  twleve 
years  that  the  writer  subdivided  the  duties  of  the  "old  gang  boss" 
who  spent  his  whole  time  with  the  men  into  the  four  functions  of 
"  Speed  Boss,"  "  Repair  Boss,"  "  Inspector,"  and  "  Gang  Boss," 
and  it  is  the  introduction  of  these  four  shop  bosses  directly  help- 
ing the  men  (particularly  that  of  tlie  "  Speed  Boss  ")  in  place  of 
tlie  single  old  boss,  that  has  produced  the  greatest  improvement 
in  the  sliop. 

254.  Wlien  functional  foremanship  is  introduced  in  a  large 
shop,  it  is  desirable  that  all  of  the  bosses  who  are  performing  the 
same  function  sliould  have  their  own  foreman  over  them;  for  in- 
stance, tlic  speed  bosses  should  liav(*  a  speed  foreman  over  them,  * 
tlie  gang  l)osses,  a  head  gang  boss  ;  the  inspectors,  a  chief  inspector, 
etc.,  etc.  'JMie  functions  of  these  over  foremen  are  twofold:  First, 
that  of  teaching  each  of  the  bosses  under  them  the  exact  nature  of 
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his  duties,  and  at  the  start,  also  of  nerving  and  bracing  them  up  to 
the  point  of  insisting  that  the  workmen  shall  carry  out  the  orders 
exactly  as  specified  on  the  instruction  cards.  This  is  a  difficult  task 
at  first,  as  the  workmen  have  been  accustomed  for  years  to  do  the 
details  of  the  work  to  suit  themselves,  and  many  of  them  are  inti- 
mate friends  of  the  bosses  and  believe  they  know  quite  as  much 
about  their  business  as  the  latter.  The  second  function  of  the 
over-foreman  is  to  smooth  out  the  difficulties  which  arise  between 
the  different  types  of  bosses  wlio  in  turn  directly  help  the  men. 
The  "  Speed  Boss,"  for  instance,  always  follows  after  the  "  gang 
boss  "  on  any  particular  job  in  taking  charge  of  the  workman. 
In  this  way  their  respective  duties  come  in  contact  edgeways,  as 
it  were,  for  a  short  time,  and  at  the  start  there  is  sure  to  be  more 
or  less  friction  between  the  two.  If  two  of  these  bosses  meet 
with  a  difficulty  which  they  cannot  settle,  they  send  for  their 
respective  over-foremen,  who  are  usually  able  to  straighten  it 
out.  In  case  the  latter  are  unable  to  agree  on  the  remedy,- the 
case  is  referred  by  them  to  the  assistant  superintendent,  whose 
duties,  for  a  certain  time  at  least,  may  consist  largely  in  arbi- 
trating such  difficulties  and  thus  establishing  the  unwritten  code 
of  laws  by  which  tlie  shop  is  governed.  This  serves  as  one 
example  of  what  is  called  tlie  "  exception  principle  "^n  manage- 
ment, which  is  referred  to  later. 

255.  Before  leaving  this  ])ortion  of  the  subject  tlie  writer  wishes 
to  call  attention  to  the  analogy  wliich  functional  foremanship  bears 
to  the  management  of  a  large,  up-to-date  school.  In  such  a 
school  the  children  are  each  day  successively  taken  in  hand  by 
one  teacher  after  anotlier  wlio  is  trained  in  liis  particular  spe- 
cialty, and  they  are  in  many  cases  disciplined  by  a  man  partic- 
ularly trained  in  this  function.  The  old  style,  one  teacher  to  a 
class  plan  is  entirely  out  of  date. 

256.  The  writer  has  found  that  better  results  are  attained  by 
placing  the  ])lanning  dc^partuient  in  one  office  situated,  of  course, 
as  close  to  the  centre  of  the  shop  or  sho])s  as  ])ractieable,  rather 
than  by  locating  its  members  in  diiftn-ent  jdaces  according  to  their 
duties.  This  department  ])erf<)riiis  more  or  less  the  functions  of  a 
clearing  house.  Tu  (hnn^-  their  various  duties,  its  members  must 
exchange  inforuiatiou  frecjueutlv,  ini<l  since  they  send  their  orders 
to  and  receive  tlieir  returns  from  the  men  in  the  shop,  principally 
in  writing,  simplicity  call<  f<u'  the  u<e,  when  possible,  of  a  single 
piece  of  paj)er  for  each  jol)  for  conveying  the  instructions  of  the 
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different  members  of  the  planning  room  to  the  men  and  another 
similar  paper  for  receiving  the  returns  from  the  men  to  the 
department.  Writing  out  these  orders  and  acting  promptly  on 
receipt  of  the  returns  and  recording  same  requires  the  members 
of  the  department  to  be  close  together.  The  large  machine  shop 
of  the  Bethlehem  Steel  Company  was  more  than  a  quarter  of 
a  mile  long,  and  this  was  successfully  run  from  a  single  planning 
room  situated  close  to  it.  The  manager,  superintendent,  and 
their  assistants  should,  of  course,  have  their  offices  adjacent  to 
the  planning  room  and,  if  practicable,  the  drafting  room  should 
be  near  at  hand,  thus  bringing  all  of  the  planning  and  purely 
brain  work  of  the  establishment  close  together.  The  advantages 
of  this  concentration  were  found  to  be  so  great  at  Bethlehem  that 
the  general  offices  of  the  company,  which  were  formerly  located  in 
the  business  part  of  the  town  about  a  mile  and  a  half  away,  were 
moved  into  the  middle  of  the  works  adjacent  to  the  planning  room. 

257.  The  shop  (indeed  the  whole  works)  should  be  managed, 
not  by  the  manager,  superintendent,  or  foreman,  but  by  the  plan- 
ning department.  The  daily  routine  of  running  the  entire  works 
should  be  carried  on  by  the  various  functional  elements  of  this 
department^  so  that,  in  theory  at  least,  the  works  could  run 
smoothly  even  if  the  manager,  superintendent  and  their  assistants 
outside  the  planning  room  were  all  to  be  away  for  a  month  at  a 
time. 

258.  The  following  are  the  leading  functions  of  the  Planning* 
Department : 

A. — The  complete  analysis  of  all  orders  for  machines  or  work 
taken  by  the  company. 

B. — Time  study  for  all  work  done  by  hand  throughout  the 
works,  including  tliat  done  in  setting  the  work  in  machines,  and 
all  bench,  vise  work  and  transportation,  etc. 

C. — Time  study  for  all  operations  done  by  the  various 
machines. 

J). — The  balance  of  all  materials,  raw  materials,  stores  and 
finished  parts,  and  the  balance  of  the  work  ahead  for  each  class 
of  machines  and  workmen. 

E. — The  analysis  of  all  inquiries  for  new  work  received  in  the 
sales  department  and  promises  for  time  of  delivery. 

F. — The  cost  of  all  items  manufactured  with  complete  expense 
analysis  and  comph^te  monthly  comparative  cost  and  expense 
exhibits. 
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G. — The  pay  department. 

H. — The  Mnemonic  Symbol  System  for  identification  of  parts 
and  for  charges. 

I. — Information  bureau. 

J. — Standards. 

K. — ^]!^Iaintenance  of  system  and  plant,  and  use  of  the  tickler. 

L. — ^Messenger  system  and  post  oflSce  delivery. 

M. — Employment  bureau. 

N. — The  shop  disciplinarian. 

O. — A  mutual  accident  insurance  association. 

P. — Rush  order  department. 

Q. — Improvement  of  system  or  plant. 

259.  A. —  The  Complete  Analysis  of  All  Ordei^s  for  Machines  or 

Work  Taken  hy  the  Company. 

This  analysis  should  indicate  the  designing  and  drafting  re- 
quired, the  machines  or  parts  to  be  purchased  and  all  data  needed 
by  the  purchasing  agent,  and  as  soon  as  the  necessary  drawings 
and  information  come  from  the  drafting  room  the  lists  of  pat- 
terns, castings  and  forgings  to  be  made,  together  with  all  instruc- 
tions for  making  them,  including  general  and  detail  drawing, 
piece  number,  the  Mnemonic  Symbol  belonging  to  each  piece  (as 
referred  to  in  "  H  ") — a  complete  analysis  of  the  successive 
operations  to  be  done  on  each  piece,  and  the  exact  route  which 
each  piece  is  to  travel  from  place  to  place  in  the  works. 

260.  B. — Tim£  Study  for  All  Work  Done  hy  Hand  Throughout 
tlie  Wo7*ks^  Including  That  Done  in  Setting  the  Work  in  Ma- 
chines^ and  All  Bench^  Vise  Work^  and  Transportation^  etc. 

This  information  for  each  particular  operation  should  be  ob- 
tained by  summing  up  the  various  "  unit  times "  of  which  it 
consists.  To  do  this,  of  course,  requires  the  men  performing  this 
function  to  keep  continually  posted  as  to  the  best  methods  and 
appliances  to  use,  and  also  to  f rocjuently  consult  with  and  receive 
advice  from  the  executive  gang  bosses  who  carry  out  this  work 
in  the  shop,  and  from  the  man  in  the  department  of  standards 
and  maintenance  of  plant  (J)  beneath.  The  actual  study  of 
"  unit  times/'  of  course,  forms  the  greater  part  of  the  work  of 
this  section  of  the  planning  room. 
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261.  C. — Thne  Study  for  All  Operations  Dwie  hy  the  Various 

Machines, 

This  information  is  best  obtained  from  slide  rules,  one  of 
which  is  made  for  each  machine  tool  or  class  of  machine  tools 
throughout  the  works;  one,  for  instance,  for  small  lathes  of  the 
same  type,  one  for  planers  of  same  type,  etc.  These  slide  rules 
show  the  best  way  to  machine  each  piece  and  enable  detailed 
directions  to  be  given  the  workman  as  to  how  many  cuts  to  take, 
where  to  start  each  cut,  both  for  roughing  out  work  and  finishing 
it,  the  depth  of  the  cut,  the  best  feed  and  speed,  and  the  exact 
time  required  to  do  each  operation. 

262.  The  infonnation  ol)tained  through  function  "  B,"  to- 
gether with  that  obtained  through  "  C,"  afford  the  basis  for 
fixing  the  proper  piece  rate,  differential  rate  or  the  premium  to 
be  paid  (according  to  the  system  employed). 


263.  D. — The  Balance  of  All  Materials,  Raw  Materials^  Stores 
amd  Finished  Partn,  and  the  Xutnher  of  Days^  Work  Ahead 
for  Each  Class  of  Machines  and  Workmen. 

Returns  showing  all  receipts,  as  well  as  the  issue  of  all  raw 
materials,  stores,  partly  finislied  work  and  completed  parts  and 
machines,  repair  parts,  etc.,  daily  pass  through  the  balance  clerk, 
and  each  item  of  which  there  have  been  issues  or  receipts,  or 
which  has  been  appropriated  to  the  use  of  a  machine  about  to  be 
manufactured,  is  daily  balanced.  Thus  the  balance  clerk  can 
see  that  the  required  stocks  of  materials  are  kept  on  hand  by 
notifying  at  once  the  purchasing  agent  or  other  proper  party 
when  the  amount  on  hand  falls  below  the  prescribed  figure.  The 
balance  clerk  should  also  keep  a  complete  running  balance  of  the 
hours  of  Avork  ahead  for  each  class  of  machines  and  workmen, 
receiving  for  this  purpose  daily  from  A,  B  and  C  statements  of 
the  hours  of  new  work  entered,  and  from  the  inspectors  and  daily 
time  cards  a  statement  of  the  work  as  it  is  finished.  He  should 
keep  the  manager  and  sales  department  posted  through  daily  or 
weekly  condensed  reports  as  to  the  number  of  days  of  work 
ahead  for  each  department,  and  thus  enable  them  to  obviate 
either  a  congestion  or  scarcity  of  work. 
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264.  E. — The  Analysis  of  All  Inquiries  for  Neio  Worh  Received 
in  the  SaUs  Department  and  Promises  for  Time  of  Delivery. 

The  man  or  men  in  the  planning  room  who  performs  the  duties 
indicated  at  "  A  "  above  should  consult  with  B  and  C  and  obtain 
from  them  approximately  the  time  required  to  do  the  work  in- 
quired for,  and  from  D  the  days  of  work  ahead  for  the 
various  machines  and  departments,  and  inform  the  sales  depart- 
ment as  to  the  probable  time  required  to  do  the  work  and  the 
earliest  date  of  delivery. 

205.  Y.—The  Co.^t  rf  All  Items  Manufactured  With  Complete  Ex- 
jyen^e  Analysis  and  Complete  Monthly  Comparative  Cost  and 
Expense  Exhibits, 

The  books  of  the  company  should  be  monthly  closed  and  bal- 
anced as  completely  as  they  usually -are  at  the  end  of  the  year, 
and  the  exact  cost  of  each  article  of  merchandise  finished  during 
the  previous  month  should  be  entered  on  a  comparative  cost 
sheet.  The  expense  exhibit  should  also  be  a  comparative  sheet. 
The  cost  account  should  be  a  com})letely  balanced  account,  not 
a  memorandum  account  as  it  generally  is;  and  the  entire  expenses 
of  the  establishment,  direct  and  indirect,  including  the  adminis- 
tration and  sales  expense,  should  be  charged  to  the  cost  of  the 
product  which  is  to  be?  sold. 

2Cn.  (},—  The  Pay  Department 

The  pay  department  sliould  include  not  only  a  record  of  the 
time  and  wages  and  piece  work  earnings  of  each  man,  and  his 
weekly  or  monthly  payment,  but  the  entire  supervision  of  the 
arrival  and  departure  of  the  men  from  the  works  and  the  various 
checks  needed  to  insure  against  error  or  cheating.  It  is  desirable 
that  some  one  of  the  ^'  exception  systems "  of  time  keeping 
should  be  used. 

267.  11. —  The  MneiiKHiV'  Syndjol  Systenf  for  Ident  if  cation  of 
Parts  a /id  for    ChanjiS. 

Some  one  of  tlie  ^rnein«)ni('  Symbol  Systems  should  be  used 
instead  of  numbering  the  ]>arts  or  orders  for  identifying  tlie  vari- 
ous articles  of  manufacture,  as  well  as  the  operations  to  be  per- 
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formed  on  each  piece  and  the  various  expense  charges  of  the 
establishment.  This  becomes  a  matter  of  great  importance  when 
written  directions  are  gent  from  the  planning  room  to  the  men, 
and  tlie  men  make  their  returns  in  writing.  The  clerical  work 
and  chances  for  error  are  thereby  greatly  diminished.    ' 


268.  I. — Information  Bureau, 

The  information  bureau  should  include  catalogues  of  drawings 
(providing  the  drafting  room  is  close  enough  to  the  planning 
room)  as  well  as  all  records  and  reports  for  the  whole  establish- 
ment. The  art  of  properly  indexing  information  is  by  no  means 
a  simple  one,  and  as  far  as  possible  it  should  be  centred  in  one 
man. 

269.  Z,— Standards, 

The  adoption  and  maintenance  of  standard  tools,  fixtures  and 
appliances  down  to  the  smallest  item  throughout  the  works  and 
office,  as  well  as  the  adoption  of  standard  methods  of  doing  all 
operations  which  are  repeated,  is  a  matter  of  importance,  so  that 
under  similar  conditions  the  same  appliances  and  methods  shall 
be  used  throughout  the  plant.  Tliis  is  an  absolutely  necessary 
preliminary  to  success  in  assigning  daily  tasks  which  are  fair  and 
which  can  be  carried  out  with  certainty. 


270.  K. — Maintenance  of  System  and  Plants  and  Use  of  the 

Tickler. 

One  of  the  most  important  functions  of  the  planning  room  is 
that  of  the  maintenance  of  tlie  entire  system,  and  of  standard 
methods  and  appliances  throughout  the  establishment,  including 
the  planning  room  itself.  An  elaborate  time  table  should  be 
made  out  showing  daily  the  time  Avhen  and  place  where  each 
report  is  due,  which  is  necessary  to  carry  on  the  work  and  to 
maintain  the  system.  It  shonld  be  the  duty  of  the  member  of 
the  jdanning  room  in  charge  of  this  function  to  find  out  at  each 
time  througli  the  day  when  reports  are  due,  Avhether  they  have 
been  received,  and  if  not,  to  keep  bothering  the  man  who  is 
behind  hand  until  he  has  done  his  duty.  Almost  all  of  the  re- 
ports, etc.,  going  in  and  out  of  the  planning  room  can  be  made 
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to  pass  through  this  man.  As  a  mechanical  aid  to  him  in  per- 
forming his  function  the  tickler  is  invaluable.  The  best  type  of 
tickler  is  one  which  has  a  portfolio  for  each  day  in  the  year  large 
enough  to  insert  all  reminders  and  even  quite  large  instruction 
cards  and  reports  without  folding.  In  maintaining  methods  and 
appliances,  notices  should  be  placed  in  the  tickler  in  advance,  to 
come  out  at  proper  intervals  throughout  the  year  for  the  inspec- 
tion of  each  element  of  the  system  and  the  inspection  and  over- 
hauling of  all  standards  as  well  as  the  examination  and  repairs 
at  stated  intervals  of  parts  of  machinejs,  boilers,  engines,  belts, 
etc.,  likely  to  wear  out  or  give  trouble,  thus  preventing  break- 
downs and  delays.  One  tickler  can  be  used  for  the  entire  works 
and  is  preferable  to  a  number  of  individual  ticklers;  each  man 
can  remind  himself  of  his  various  small  routine  duties  to  be  per- 
formed either  daily  or  weekly,  etc.,  and  which  might  be  other- 
wise overlooked  by  sending  small  reminders,  written  on  slips  of 
paper,  to  be  placed  in  the  tickler  and  returned  to  him  at  the 
proper  time.  Both  the  tickler  and  a  thoroughly  systematized 
messenger  service  should  be  immediately  adjacent  to  this  man 
in  the  planning  room,  if  not  directly  under  his  management. 

271.  The  proper  execution  of  this  function  of  the  planning  room 
will  relieve  the  superintendent  of  some  of  the  most  vexatious  and 
time-consuming  of  his  duties  and  at  the  same  time  the  work  will 
be  done  more  thoroughly  and  cheaper  than  if  he  does  it  himself. 
By  the  adoption  of  standards  and  the  use  of  instruction  cards 
for  overhauling  machinery,  etc.,  and  the  use  of  a  tickler  as  above 
described,  the  writer  reduced  the  repair  force  of  the  Midvale 
Steel  Works  to  one-third  its  size  while  he  was  in  the  position 
of  master  mechanic.  (There  was  no  planning  department,  how- 
ever, in  the  works  at  that  time.) 

272.  L. — Messenger  System  arid  Post  Office  Delivery. 

The  messenger  system  should  be  thoroughly  organized  and 
records  kept  showing  which  of  the  boys  are  the  most  efficient. 
This  should  affonl  on(*  of  the  best  opportunities  for  selecting 
boys  fit  to  be  taught  trades,  as  a])prentices  or  otherwise. 

273.  There  should  be  a  rcirnlar  half  hourly  post  office  delivery 
system  for  collecting  and  distributing  routine  reports  and  records 
and  messages  in  no  especial  hurry  throughout  the  works. 


1404  SHOP    MANAGEMENT. 

274.  M. — Einployinent  Bureau. 

The  selection  of  tlie  men  who  are  employed  to  fill  vacancies 
or  new  positions  should  receive  the  most  careful  thought  and 
attention  and  should  be  under  the  supervision  of  a  competent 
man  who  will  inquire  into  the  experience  and  especial  fitness  and 
character  of  applicants  and  keep  constantly  revised  lists  of  men 
suitable  for  the  various  positions  in  the  shop.  In  this  section 
of  the  planning  room  an  individual  record  of  each  of  the  men  in 
the  works  can  well  be  kept  showing  his  punctuality,  absence  with- 
out excuse,  violation  of  shop  rules,  spoiled  work  or  damage  to 
machines  or  tools,  as  well  as  Lis  skill  at  various  kinds  of  work; 
average  earnings,  and  other  good  qualities,  for  the  use  of  this 
department  as  well  as  the  shop  disciplinarian. 


275.  N. —  The  Shop  Disciplinarian. 

This  man  may  well  be  closely  associated  with  the  employment 
bureau  and,  if  the  works  is  not  too  large,  the  two  functions  can 
be  performed  by  the  same  man.  The  knowledge  of  character 
and  of  the  qualities  needed  for  various  positions  acquired  in  dis- 
ciplining the  men  should  be  useful  in  selecting  them  for  employ- 
ment. I'his  man  should,  of  course,  consult  constantly  with  the 
various  foremen  and  bosses,  both  in  his  function  as  disciplinarian 
and  in  the  employment  of  men. 

270.  O. — A  Mutual  Accidcmt  Insurance  Association-. 

A  Mutual  A.cidont  Insurance  Association  should  be  estab- 
lished, to  which  the  company  contributes  as  well  as  the  men. 
'Jlie  object  of  this  Association  is  twofold :  First,  the  relief  of  men 
who  are  injured,  and  second,  an  opportunity  of  returning  to  the 
workmen  all  fines  which  are  imposed  upon  them  in  disciplining 
them,  and  for  damage  to  company's  property  or  work  spoiled. 

277.  P, — Rifsh  Order  Department. 

Hurrying  through  parts  which  have  been  spoiled  or  have  de- 
veloped defects,  and  also  special  repair  orders  for  customers, 
should  receive  the  attention  of  one  man. 
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278.  Q. — Improvement  of  System  or  Plant. 

One  man  should  be  especially  charged  with  the  work  of  im- 
provement in  the  system  and  in  the  running  of  the  plant. 

279.  This  type  of  organization  has  such  an  appearance  of  com- 
plication and  there  are  so  many  new  positions  outlined  in  the 
planning  room  which  do  not  exist  even  in  a  well  managed  estab- 
lishment of  the  old  school,  that  it  seems  desirable  to  again  call 
attention  to  the  fact  that,  with  the  exception  of  the  study  of  unit 
times  and  one  or  two  minor  functions,  each  item  of  work  which 
is  performed  in  the  planning  room  with  the  superficial  appear- 
ance of  great  complication  must  also  be  performed  by  the  work- 
men in  the  shop  under  the  old  type  of  management,  with  its 
single  cheap  foreman  and  the  appearance  of  great  simplicity.  In 
the  first  case,  however,  the  work  is  done  by  an  especially  trained 
body  of  men  who  work  together  like  a  smoothly  running  ma- 
chine, and  in  the  second  by  a  much  larger  number  of  men  very 
poorly  trained  and  ill-fitted  for  this  work,  and  each  of  whom 
while  doing  it  is  taken  away  from  some  other  job  for  which  hei  is 
well  trained.  The  work  which  is  now  done  by  one  sewing 
machine,  intricate  in  its  appearance,  was  formerly  done  by  a 
number  of  women  with  no  apparatus  beyond  a  simple  needle  and 
thread. 

280.  There  is  no  question  that  th(^  cost  of  production  is  lowered 
by  separating  the  work  of  ])lanning  and  the  brain  work  as  much  as 
possible  from  the  manual  labor.  When  this  is  done,' however,  it 
is  evident  that  the  brain  workers  must  be  given  sufficient  work  to 
keep  them  fully  busy  all  the  time.  Tlioy  must  not  be  allowed  to 
stand  around  for  a  considerable  part  of  their  time  waiting  for 
their  particular  kind  of  work  to  come  along,  as  is  so  frequently 
the  case. 

281.  The  belief  is  almost  universal  among  manufacturers  that 
for  economy  the  nuniLor  of  brain  workers  (or  non-producers,  as 
they  are  called)  should  bo  as  small  as  possible  in  proportion  to  the 
number  of  producers  (i.e. — those  who  actually  work  with  their 
hands).  An  examination  of  the  most  successful  establishments 
will,  hovvev(»r,  show  that  the  reverse  is  true.  A  number  of  years 
ago  the  writer  made  a  careful  study  of  the  proportion  of  pro- 
ducers to  non-producers  in  three  of  tlie  largest  and  most  success- 
ful companies  in  the  world,  wlio  were  engaged  in  doing  the  same 
work  in  a  general  way.     One  of  these  companies  was  in  France, 
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one  in  Germany,  and  one  in  the  United  States.  Being  to  a 
certain  extent  rivals  in  business  and  situated  in  diflFerent 
countries,  naturally  neither  one  had  anything  to  do  with  the 
management  of  the  other;  and  in  the  course  of  his  investigation, 
the  ^v^iter  found  that  the  managers  had  never  even  taken  the 
trouble  to  ascertain  the  exact  proportion  of  non-producers  to  pro- 
ducers in  their  respective  works;  so  that  the  organization  of  each 
company  was  an  entirely  independent  evolution. 

282.  By  "  non-producers,"  the  writer  means  such  employees  as 
all  of  the  general  officers,  the  clerks,  foremen,  gang  bosses,  watch- 
men, messenger  boys,  draftsmen,  salesmen,  etc. ;  and  by  "  pro- 
ducers," only  those  who  actually  work  with  their  hands. 

In  the  French  and  German  works  there  was  found  to  be  in 
each  case  one  non-producer  to  between  six  and  seven  producers, 
and  in  the  American  works  one  non-producer  to  about  seven 
producers.  The  writer  found  that  in  the  case  of  another  works, 
doing  the  same  kind  of  business  and  whose  management  was 
notoriously  bad,  the  proportion  of  non-producers  to  producers 
was  one  non-producer  to  about  eleven  producers.  These  companies 
all  had  large  forges,  foundries,  rolling  mills  and  machine  shops 
turning  out  a  miscellaneous  product,  much  of  which  was  ma- 
chined. They  turned  out  a  highly  wrought,  elaborate  and  exact 
finished  product,  and  did  an  extensive  engineering  and  miscel- 
laneous machine  construction  business. 

283.  In  the  case  of  a  company  doing  a  manufacturing  business 
with  a  uniform  and  simple  product  for  the  maximum  economy,  the 
number  of  producers  to  each  non-producer  would  of  course  be 
larger.  No  manager  need  feel  alarmed  then  when  he. sees  the 
number  of  non-producers  increasing  in  proportion  to  producers, 
providing  the  non-producers  are  busy  all  of  their  time,  and  pro- 
viding, of  course,  that  in  each  case  they  are  doing  efficient  work. 

284.  It  would  seem  almost  unnecessary  to  dwell  upon  the  desir- 
ability of  standardizing,  not  only  all  of  the  tools,  appliances  and 
implements  throughout  the  works  and  office,  but  also  the  methods 
to  be  used  in  the  multitude  of  small  operations  which  are  repeated 
day  after  day.  There  are  many  good'  managers  of  the  old  school, 
however,  who  feel  that  this  standardization  is  not  only  unneces- 
sary but  that  it  is  undesirable,  their  principal  reason  being  that 
it  is  better  to  allow  each  workman  to  develop  his  individuality 
by  choosing  the  particular  implements  and  methods  which  suit 
him  best.     And  there  is  considerable  weight  in  this  contention 
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when  the  scheme  of  manage meDt  is  to  allow  each  workman  to  do 
tlio  work  as  he  pleases  and  Iiold  him  roaponsible  for  results.  Un- 
fortunately, in  ninety-niTie  out  of  a  hundred  such  eases  only  the 
first  part  of  this  plan  is  carried  out.  The  workman  chooses  hia 
own  methods  and  implements,  hut  is  kot  iiki.d  in  ant  stkiot  bense 
AccocxTABLE  unless  the  quality  of  the  work  is  bo  poor  or  the 
quantity  turned  out  is  so  small  as  to  almost  amount  to  a  scandal* 
In  the  type  of  management  advocated  hy  the  writer,  this  com- 
plete standardization  of  all  details  and  methods  is  not  only  desir- 
fthle  but  alsolutely  indispensable  as  a  preliminary  to  specifying 
the  time  in  Mdiieh  each  operation  shall  l>e  done,  and  then  insisting 
that  it  shall  be  done  within  the  time  allowed. 

285.  Neglecting  to  lake  thf  time  and  trouble  to  thoroughly 
i^tandardize  all  of  i^ueh  methods  and  det sails  is  one  of  the  chief 
causes  for  setbacks  and  failure  in  introducing  this  system.  Much 
better  results  can  ho  attained,  even  if  poor  standards  he  adopted, 
than  can  be  reached  if  some  of  a  given  class  of  implements  are  the 
best  of  their  kind  while  others  are  poor*  It  is  uniformity  that  is 
required.  Better  have  them  uniformly  second  class  than  mainly 
first  with  some  second  and  some  third  class  thrown  in  at  random. 
In  the  latter  case  the  workmen  will  almost  always  adopt  the  pace 
which  conforms  to  the  third  class  instead  of  tlie  first  or  second. 
In  fact,  however,  it  is  not  a  matter  involving  any  great  expense 
or  time  to  stlt  et  in  each  case  standard  implements  which  shall  be 
nearly  the  best  or  the  best  of  their  kinds.  The  writer  has  never 
failed  to  make  enormous  gains  in  the  economy  of  running  by  the 
ado]>tion  of  standards. 

280,  It  was  in  the  course  of  making  a  series  of  experiments  with 
various  air  hardening  tool  steels  with  a  ™w  to  adopting  a 
standard  for  tlie  Bethlehem  works  that  Mr.  White,  together  with 
the  writer,  discovered  the  Taylor- White  process  of  treating  tool 
steel,  which  marks  a  distinct  improvement  in  the  art;  and  the 
fact  that  this  improvement  was  made  not  hy  manufacturers  of 
to*d  steel  but  in  the  course  of  the  adoption  of  standards,  shows 
both  the  necessity  and  fruitfulness  of  methodical  and  careful  in- 
vestigation in  the  choice  of  mnch  neglected  details.  The  econ- 
omy to  be  gained  through  the  adoption  of  uniform  standards  is 
hardly  realized  at  all  by  the  managers  of  thi?t  country.  No  better 
illustration  of  this  fact  is  needed  than  that  of  the  present  con- 
dition of  the  cutting  tools  used  throughout  the  machine  shops  of 
the  T'nited  St-ates.  Hardly  a  shup  can  be  found  in  which  tools 
90 
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made  from  a  dozen  different  qualities  of  steel  are  not  used  side 
by  side,  in  many  cases  with  little  or  no  means  of  telling  one  make 
from  another;  and  in  addition,  the  shape  of  the  cutting  edge  of 
the  tool  is  in  most  cases  left  to  the  fancy  of  each  individual  work- 
man. When  one  realizes  that  the  cutting  speed  of  the  best 
treated  air  hardening  steel  is  for  a  given  depth  of  cut,  feed  an<l 
quality  of  metal  being  cut,  say  sixty  feet  per  minute,  while  with 
the  same  shaped  tool  made  from  the  best  carbon  tool  steel  and 
with  the  same  conditions,  the  cutting  speed  will  be  only  twelve 
feet  per  minute,  it  becomes  apparent  how  little  the  necessity  for 
rigid  standards  is  appreciated. 

287.  As  another  illustration:  The  machines  of  the  country  are 
still  driven  by  belting.  The  motor  drive,  while  it  is  coming,  is 
still  in  the  future.  There  is  not  one  establishment  in  one  hundred 
that  does  not  leave  the  care  and  tightening  of  the  belts  to  the  judg- 
ment of  the  individual  who  runs  the  machine,  although  it  is  well 
known  to  all  who  have  given  any  study  to  the  subject  that  the 
most  skilled  machinist  cannot  properly  tighten  a  belt  without  the 
use  of  belt  clamps  fitted  with  spring  balances  to  properly  register 
the  tension.  And  the  writer  showed  in  a  paper  presented  to  this 
Society  in  1893,  giving  the  results  of  an  experiment  tried  on  all 
of  the  belts  in  a  machine  shop  and  extending  through  nine  years, 
in  which  every  detail  of  the  care  and  tightening  and  tension  of 
each  belt  was  recorded,  that  bolts  properly  cared  for  according 
to  a  standard  method  bv  a  trained  laborer  would  average  twice 
the  pulling  power  and  only  a  fraction  of  the  interruptions  to 
manufacture  of  those  tightened  according  to  the  usual  methods. 
The  loss  now  going  on  throughout  the  country  from  failure  to 
adopt  and  maintain  standards  for  all  small  details  is  simply  enor- 
mous. 

It  is,  however,  a  good  sign  for  the  future  that  a  firm  such  as 
Messrs.  Dodge  &  Day  of  Pliiladelpliia,  who  are  making  a  spe- 
cialty of  standardizing  machine  shop  details,  find  their  time  fully 
occu])icd. 

2S8.  What  may  be  called  the  "  Exception  Princijde  "  in  man- 
agcrnent  is  coining  more  and  more  into  use;  although  like  many  of 
the  other  elements  of  this  art,  it  is  used  in  isohited  cases,  and  in 
most  instances  without  recognizing  it  as  a  principle  which  should 
extend  throughout  the  entire  field.  It  is  not  an  uncommon  sight, 
though  a  sad  one,  to  see  the  manager  of  a  large  business  fairly 
swamped  at  his  desk  with  an  ocean  of  letters  and  reports,  on  each 
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of  which  Iio  thinks  that  he  should  put  his  initial  or  stamp.  He 
feels  that  by  having  this  mass  of  detail  pass  over  his  desk  he  is 
keeping  in  close  touch  \vith  tlie  entire  business.  The  exception 
principle  is  directly  the  reverse  of  this,  Under  it  the  manager 
should  receive  only  condensed »  summarizedj  and  invariably  com- 
parative reports,  covering,  however^  all  of  the  elements  entering 
.into  the  nianageraentj  and  even  these  sunimarieB  should  all  be 
carefully  gone  over  by  an  assistant  before  tliey  reach  the  man- 
ager, and  have  all  of  the  exceptions  to  the  past  averages  or  to  the 
standards  pointed  out,  both  the  especially  good  and  especially  bad 
exceptions,  thus  giving  him  in  a  few  minutes  a  full  view  of  prog- 
rc^ss  which  is  being  made,  or  the  reverse,  and  leaving  him  free  to 
consider  the  broader  lines  of  policy  and  to  study  the  character 
and  fitness  of  the  important  men  under  him.  The  exception 
principle  can  be  applied  in  many  ways^  and  the  writer  will 
endeavor  to  give  some  further  illustrations  of  it  later. 

289*  Tlie  writer  has  dwelt  at  length  npon  the  desirability  of 
concentrating  as  mueli  as  possible  iderical  and  brain  work  in  the 
planning  department.  There  is,  however,  one  such  important 
exception  to  tliis  rule  that  it  would  seem  desirable  to  call  atten- 
tion to  it*  As  already  stated,  the  planning  room  gives  its  orders 
and  instructions  to  the  men  mainly  in  writing,  and  of  necessity 
murtt  aiso  receive  prompt  and  reliable  written  returns  and  reports 
whicli  shall  enable  its  members  to  issue  orders  for  the  next  move- 
ment of  each  piece,  lay  out  the  work  for  each  man  for  the  follow- 
ing day,  properly  post  the  balance  of  work  and  materials  accounts, 
enter  the  records  on  cost  accounts  and  also  enter  the  time  and  pay 
of  each  man  on  the  pay  sheet.  There  is  no  question  that  aU  of 
this  information  can  be  given  both  better  and  cheapt^r  by  the 
workn^an  direct  than  through  the  intermediary  of  a  walking  time 
keeper,  providing  the  proper  instruction  and  report  system  has 
been  introduced  in  the  worke  with  carefully  ruled  and  printed 
instruction  and  return  cards,  and  particularly  providing  a  com- 
plete .Mnemonic  j^vs^tem  uf  synd>f*ls  has  been  atlujjted  so  as  to  save 
tlie  workmen  the  necessity  of  doing  nmch  writing.  The  principle 
to  M^Iiich  the  writer  wi&hea  to  call  iiarticnlar  attention  is  that  the 
only  way  in  which  workmen  can  be  induced  to  write  out  all  of 
this  information  accurately  and  promptly  is  by  having  each  man 
write  hi^  tiwn  time  while  on  day  work  and  pay  when  on  piece 
work  on  the  same  card  on  which  he  is  to  enter  the  other  desired 
information,  and  then  refusing  to  enter  his  pay  on  the  pay  sheet 
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until  after  all  of  the  required  information  has  been  correctly 
given  by  him.  Under  this  system  as  soon  as  a  workman  com- 
pletes a  job  and  at  quitting  time,  whether  the  job  is  completed  or 
not,  he  writes  on  a  printed  time  card  all  of  the  information 
needed  by  the  planning  room  in  connection  with  that  job,  signs  it 
and  forwards  it  at  once  to  the  planning  room.  On  arriving  in 
the  planning  room  each  time  card  passes  through  the  order  of 
work  or  route  clerk,  the  balance  clerk,  the  cost  clerk,  etc.,  on  its 
way  to  the  pay  sheet,  and  unless  the  workman  has  written  the 
desired  information  the  card  is  sent  back  to  him,  and  he  is  apt  to 
correct  and  return  it  promptly  so  as  to  have  his  pay  entered  up. 
The  principle  is  clear  that  if  one  wishes  to  have  routine  clerical 
work  done  promptly  and  correctly  it  should  somehow  be  attached 
to  the  pay  card  of  the  man  who  is  to  give  it.  This  principle,  of 
course,  applies  to  the  information  desired  from  inspectors,  gang 
bosses  and  others  as  well  as  workmen,  and  to  reports  required 
from  various  clerks.  In  the  case  of  reports,  a  pay  coupon  can  be 
attached  to  the  report  which  will  be  detached  and  sent  to  the  pay 
sheet  as  soon  as  the  report  has  -been  found  correct. 

290.  Before  starting  to  make  any  radical  changes  leading  to- 
ward an  improvement  in  the  system  of  management,  it  is  desir- 
able, and  for  ultimate  success  in  most  cases  necessary,  that  the 
directors  and  the  important  owners  of  an  enterprise  shall  be 
made  to  understand,  at  least  in  a  general  way,  what  is  involved  in 
the  change.  They  should  be  informed  of  the  leading  objects 
which  the  new  systoni  aims  at,  such,  for  instance,  as  rendering 
mutual  the  interests  of  employer  and  employee  through  "  high 
wages  and  a  low.  labor  cost,''  tlic  gradual  sele(;tion  and  develop- 
ment of  a  body  of  first  class  picked  workmen  wlio  will  work  extra 
hard  and  receive  extra  high  wages  and  be  dealt  with  individually 
instead  of  in  masses;  and  that  this  can  only  be  accomplished 
through  the  adoption  of  precise  and  exact  methods,  and  having 
each  smallest  detail,  both  as  to  methods  and  appliances,  carefully 
selected  so  as  to  be  the  best  of  its  kind.  They  should  understand 
the  general  })hil()sophy  of  the  system  and  should  see  that,  as  a 
whole,  it  must  be  in  harmony  with  its  few  leading  ideas,  and  that 
principles  and  details  which  are  admirable  in  one  type  of  man- 
ag-enient  have  no  ])lae(»  whatever  in  another.  They  should  be 
shown  that  it  j)ays  to  employ  an  especial  corps  to  introduce  a  new 
system  just  as  it  pays  to  employ  especial  designers  and  workmen 
to  build  a  new  j)lant;  that,  whiles  a  new  system  is  being  intro- 
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duced,  alnioat.  twieo  the  number  of  foremen  are  required  as  are 
needed  to  nm  it  after  it  is  in;  that  all  of  this  costs  money,  but 
thatj  unlike  a  new  plant,  returns  begin  to  come  in  almost  from 
the  start  from  inqiroved  methods  and  appliances  as  they  are 
introduced,  and  that  in  most  eases  the  new  system  more  than  pays 
for  it-aelf  as  it  goes  along;  that  time,  and  a  great  deal  of  timej 
13  involved  in  a  radical  change  in  management,  and  that  in  the 
case  of  a  large  worka  if  they  are  incapable  of  looking  ahead  and 
patiently  waiting  for  from  two  to  four  years,  they  had  better  leave 
things  just  as  they  are,  since  a  change  of  Bvstem  involves  a  change 
in  the  ideas,  point  of  view  and  habits  of  many  men  with  strong  con* 
victions  and  jirejii dices,  and  that  this  can  only  be  bronght  about 
slowly  and  chiefly  through  a  series  of  object  lessons,  each  of  which 
takes  time,  and  through  continued  reasoning;  and  that  for  this  rea- 
son, after  deciding  to  adopt  a  given  type,  the  necessary  steps  should 
be  taken  as  fast  as  possible,  one  after  another,  for  its  introduction. 
They  should  be  convinced  that  an  increase  in  the  proportion  of 
Bon*produt*ers  to  producei*s  means  increased  economy  and  not  red 
tape,  providing  the  non-producers  are  kept  busy  at  their  respec- 
tive functions,  They  should  be  prepared  to  lose  some  of  their 
valuable  men  who  cannot  stand  the  change  and  also  for  the  con- 
tinned  indignant  protest  of  many  of  their  old  and  trusted  em- 
ployees who  can  see  notliiti^  Init  extravagance  in  the  new  ways 
and  ruin  ahead.  It  is  a  matter  of  the  first  import^ince  that,  in 
addition  to  the  directors  of  the  company,  all  of  those  connected 
witli  the  management  should  be  given  a  broad  and  comprehensive 
view  of  the  general  objects  to  be  attained  and  the  means  which 
will  be  employed.  They  should  fully  realise  before  starting  on 
their  work  and  should  never  lose  sight  of  the  fact  that  the  great 
object  of  the  new  or^mization  is  to  bring  about  two  niomentous 
changes  in  the  men: 

n.  First.  A  complete  revolution  in  their  mental  attitude  to- 
their  employers  and  their  work ;  and 

Second.  As  a  result  of  this  change  of  feeling  such  an  increase 
in  their  detennination  and  physical  activity,  and  such  an  im- 
provement in  the  eonditions  under  which  the  work  is  done  as  will 
result  in  many  cases  in  thfdr  turning  out  from  two  to  three  times 
as  much  work  as  they  have  done  in  the  past 

202.  Fir^t,  then,  they  must  be  lirought  to  see  that  the  new  sys- 
fjem  fdianges  their  employers  from  antagonists  to  friends  who  are 
working  as  hard  as  possible  side  by  side  with  them^  all  pushing 
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in  the  same  direction  and  all  helping  to  bring  about  such  an  In- 
crease in  the  ontpnt  and  to  so  cheapen  the  cost  of  production  that 
the  men  will  be  paid  permanently  from  thirty  to  one  hundred 
per  cent,  more  than  they  have  earned  in  the  past,  and  that  there 
will  still  be  a  good  profit  left  over  for  the  company.  At  first 
workmen  cannot  see  why^  if  tliey  do  twice  as  much  work  aa  they 
have  donej  they  should  not  receive  twice  the  wages.  When  the 
matter  is  properly  explained  to  them  and  they  have  time  to  think 
it  over^  they  will  see  that  in  most  cases  the  increase  in  output  is 
quite  as  much  due  to  the  improved  appliances  and  methods,  to 
the  maintenance  of  standards  and  to  the  great  help  which  they 
receive  from  the  men  over  them  as  to  their  own  harder  work; 
and  they  will  realize  that  the  company  must  pay  for  the  introduc- 
tion of  the  improved  system  ^  which  costs  sometimes  thousands 
of  dollars^  and  also  the  salaries  of  the  additional  foremen  and 
of  the  clerks,  etc.,  in  the  planning  room  as  well  as  tool  room  and 
other  expenses,  and  that,  in  addition,  the  company  is  entitled  to 
an  increased  profit  quite  as  much  as  they  are*  All  but  a  few  of 
them  will  come  to  understand  in  a  general  way  that  under  the 
new  order  of  things  they  are  co-operating  with  their  employers 
tn  make  as  great  a  saving  as  possible  and  that  they  will  receive 
pennanently  their  fair  share  of  this  gain* 

293.  Second,  After  the  men  acquiesce  in  the  new  order  of 
things  and  are  willing  to  do  their  part  toward  cheapening  produc- 
tion, it  will  take  time  for  them  to  change  from  their  old  easy-going 
ways  to  El  higher  rate  of  speed,  and  to  learn  to  stay  steadily  at 
their  work,  think  ahead  and  make  every  minute  count  A 
certain  percentage  of  them,  with  the  best  of  intentions^  will  fail 
in  this  and  find  that  they  have  no  place  in  the  new  organization, 
while  still  others,  and  among  them  some  of  the  best  workers  who 
are,  however,  either  stupid  or  stubborn,  can  never  be  made  to 
see  that  the  new  system  is  as  good  as  the  old;  and  thesej  too, 
must  drop  out.  Let  no  one  imagine,  however,  that  this  great 
change  in  the  mental  attitude  of  the  men  and  the  increase  in 
their  acti^^ty  can  be  brought  about  by  merely  talking  to  them. 
Talking  \\^11  be  moat  useful  (in  fact  indispensable),  and  no  oppor- 
tunity should  be  lost  of  explaining  matters  to  them  patiently,  one 
man  at  a  time,  and  giving  them  every  chance  to  express  their 
views, 

294,  Their  real  instruction,  however,  must  come  through  a  se- 
ries of  object  lessons.  They  must  be  convinced  that  a  great  increase 
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in  speed  is  possible  by  seeing  here  and  there  a  man  among  them 
increase  his  pace  and  double  or  treble  his  output*  They  must 
see  this  pace  maintained  until  they  are  convinced  that  it  is  not 
a  mere  spurt ;  and,  most  important  of  all,  they  must  see  the  men 
who  *^  get  there  ^'  in  this  way  receive  a  proper  increase  in  wages 
and  become  satisfied*  It  is  only  with  these  object  lessons  in 
plain  sight  that  the  new  theories  can  be  made  to  stick.  It  will 
be  in  presenting  these  object  lessoos  and  in  smoothing  away  the 
difficulties  so  that  the  high  speed  can  be  maintained,  and  in  assist- 
ing to  form  public  opinion  in  the  shop,  that  the  great  eiBciency 
of  functional  foremanship  under  the  direction  of  the  planning 
room  will  first  become  apparent. 

2J>5.  In  reaching  the  final  high  rate  of  speed  which  shall  be 
steadily  maintained,  the  broad  fact  should  be  realized  that  the  men 
must  pass  through  several  distinct  phases,  rising  from  one  plane  of 
efficiency  to  another  until  the  final  level  is  reached.  First  they 
must  be  taught  to  work  under  an  improved  system  of  day  work. 
Each  man  must  learn  how  to  give  up  his  own  particular  way  of 
doing  thiiigSj  adapt  his  methods  to  the  many  new  standards  and 
grow  accustomed  to  receiving  and  obeying  directions  covering 
details  large  and  small  which  in  the  past  have  been  left  to  his 
individual  judgment  At  first  the  workmen  can  see  nothing  in 
all  of  this  but  red  tape  and  useless  and  impertinent  interferencej 
and  time  must  be  allowed  them  to  recover  from  their  irritation, 
not  only  at  this  but  at  every  stage  in  their  upward  march.  If 
they  have  been  classed  together  and  paid  uniform  wages  for  each 
class,  the  better  men  should  be  singled  out  and  given  higher 
wages  so  that  they  shall  distinctly  recognize  the  fact  that  each 
man  is  to  be  paid  according  to  his  individual  worth.  After 
becoming  accustomed  to  direction  in  minor  matters,  they  must 
gradually  learn  to  obey  instructions  as  to  the  pace  at  which  they 
are  to  work,  and  grasp  the  idea,  first,  that  the  planning  depart- 
ment knows  accurately  how  long  each  operation  should  take;  and 
lecond,  that  sooner  or  later  they  will  have  to  work  at  the  required 
3eed  if  they  expect  to  prosper.  After  they  are  used  to  follow- 
ing the  speed  instructions  given  thenij  then  one  at  a  time  they 
can  be  raised  to  the  level  of  maintaining  a  rapid  pace  throughout 
the  day.  And  it  is  not  until  this  final  step  has  been  taken  that 
the  full  measure  of  the  value  of  the  new  system  will  be  felt  by 
the  men  through  daily  receiving  larger  wages,  and  by  the  com- 
pany through  a  materially  larger  output  and  lower  cost  of  pro- 


1414  SHOP   MANAGEMENT. 

duction.  It  is  evident,  of  course,  that  all  of  the  workmen  in  the 
shop  will  not  rise  together  from  one  level  to  another.  Those 
engaged  in  certain  lines  of  work  will  have  reached  their  final 
high  speed  while  others  have  barely  taken  the  first  step. »  The 
efforts  of  the  new  management  should  not  be  spread  out  thin 
over  the  whole  shop.  They  should  rather  be  focussed  upon  a 
few  points,  leaving  the  ninety  and  nine  under  the  care  of  their 
former  shepherds.  After  the  efficiency  of  the  men  who  are 
receiving  especial  assistance  and  training  has  been  raised  to  the 
desired  level,  the  means  for  holding  them  there  should  be  per- 
fected, and  they  should  never  be  allowed  to  lapse  into  their 
old  ways.  This  will,  of  course,  be  accomplished  in  the  most 
permanent  way  and  rendered  almost  automatic,  either  through 
introducing  "  task  work  with  a  bonus "  or  the  "  differential 
rate." 

Before  taking  any  steps  toward  changing  methods  the  man- 
ager should  realize  that  at  no  time  during  the  introduction  of  the 
system  should  any  broad,  sweeping  changes  be  made  which  seri- 
ously affect  a  large  number  of  the  workmen.  It  would  be 
preposterous,  for  instance,  in  going  from  day  to  piece  work  to 
start  a  large  number  of  men  on  piece  work  at  the  same  time. 
Throughout  the  early  stages  of  organization  each  change  made 
should  affect  one  workman  only,  and  after  the  single  man  affected 
has  become  used  to  the  new  order  of  things,  then  change  one  man 
after  anotlier  from  the  old  system  to  the  new,  slowly  at  first,  and 
rapidly  as  public  opinion  in  the  shop  swings  around  under  the 
influence  of  proper  object  lessons.  Throughout  a  considerable 
part  of  the  time,  then,  there  will  be  two  distinct  systems  of  man- 
agement in  operation  in  the  same  shop;  and  in  many  cases  it  is 
desirable  to  have  the  men  working  under  the  new  system  man- 
aged by  an  entirely  different  set  of  foremen,  etc.,  from  those 
under  the  old. 

296.  The  first  step,  after  deciding  upon  the  type  of  organiza- 
tion, should  be  the  selection  of  a  competent  man  to  take  charge  of 
the  introduction  of  the  new  system;  and  the  manager  should 
think  himself  fortunate  if  he  can  get  such  a  man  at  almost  any 
price,  since  the  task  is  a  difficult  and  thankless  one  and  but  few 
men  can  be  found  wlio  possess  the  necessary  information  coupled 
witli  the  knowledge  of  men,  the  nerve,  and  the  tact  required  for 
siiceoss  in  this  work.  The  iiiaiiagor  slioii]<l  ke(»p  liiniself  free  as 
far  as  possible  from  all  active  part  in  the  introduction  of  the  new 
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While  changes  are  going  on  it  will  require  his  entire 
Ifes  to  see  that  thc^re  h  no  failing  off  in  the  efiieiency  of  the 
old  system  and  that  the  quality  and  quantity  o£  the  output  is 
kept  up*  The  mistake  which  is  usually  made  when  a  change  in 
sj'stem  is  decided  upon  is  that  the  manager  and  his  principal 
assistants  undertake  to  make  all  of  the  improvements  themselves 
during  their  spare  time,  with  the  common  result  that  weeks, 
months  and  years  go  by  without  anything  great  being  accom- 
plished. The  resp€*ctive  duties  of  the  niunagor  and  the  man  in 
charge  of  improvementj  and  the  limits  of  the  authority  of  the 
latter  should  be  clearly  defined  and  agreed  upon,  always  bearing 
in  mind  that  responsibility  should  invariably  be  accompanied  by 
its  corresponding  measure  of  authority. 

The  worst  mistake  that  can  be  made  is  to  refer  to  any  part  of 
the  new  system  as  being  "  on  trial."  Once  a  given  step  is  decided 
npon^  all  parties  must  be  made  to  understand  that  it  will  go 
whether  any  one  around  the  j)lace  likes  it  or  not  In  making 
changes  in  system  the  things  tliat  are  given  a  **  fair  trial  '^  fail, 
while  the  things  that  *'*  must  go/^  go  all  right. 

297.  To  decide  where  to  begin  is  a  perjvlexing  and  bewildering 
problem  which  faces  the  reorganizer  in  management  when  he  ar- 
rives in  a  large  establi>hment.  In  making  this  decision,  as  in  tak- 
ing each  subsequent  step,  the  most  important  consideration,  whieli 
should  always  lye  first  in  the  mind  of  the  re  former /is  **  what  effect 
will  this  step  have  upon  the  workmen?  '^  Through  some  means  (it 
would  almost  appear  some  especial  sense),  the  workman  seems  to 
scent  the  api>roach  of  a  reformer  even  before  his  arrival  in  town. 
Their  su^picif>ns  are  thoroughly  arouaedj  and  they  are  on  the 
alert  for  sweeping  changee  which  are  to  be  against  their  interests 
and  which  they  are  prepared  to  oppose  from  the  start*  The  first 
changes,  therefore,  should  be  such  as  to  allay  the  suspicions  of 
the  men  and  convince  them  by  actuai  contact  that  the  refonns 
ire  after  all  rather  harmless*  Such  iraproTements  then  as 
^directly  affect  the  workmen  least  should  be  started  first.  At  the 
same  time  it  must  be  remembered  that  the  whole  operation  is  of 
necessity  so  slow  that  the  new  sy^em  should  be  started  at  as 
many  points  as  possible^  and  consitantly  pushed  as  hard  as  pos- 
sible*    A  5tart  can  be  made  at  once  along  all  of  the  following 

les: 

298*  1.  The  introduction  of  standards  throughout  the  works 
and  office. 
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299.  2.  The  scientific  study  of  "  unit  times  *'  along  several  dif- 
ferent lines. 

300.  3.  A  complete  analysis  of  the  pulling,  feeding  power  and 
the  proper  speeding  of  the  various  machine  tools  throughout  the 
place  with  a  view  of  making  a  slide  rule  for  properly  running 
each  machine. 

301.  4.  The  work  of  establishing  the  system  of  time  cards  by 
means  of  which  ultimately  all  of  the  desired  information  will  be 
conveyed  from  the  men  to  the  planning  room. 

302.  5.  Overhauling  the  stores  issue  and  receiving  system  so  as 
to  establish  a  complete  running  balance  of  materials. 

303.  6.  Ruling  and  printing  the  various  blanks  that  will  be  re- 
quired for  shop  returns  and  reports,  time  cards,  instruction  cards, 
expense  sheets,  cost  sheets,  pay  sheet,  and  balance  records,  store 
room,  tickler  and  maintenance  of  standards,  system  and  plant, 
etc.,  and  starting  such  functions  of  the  planning  room  as  do  not 
directly  affect  the  men. 

304.  If  the  works  is  a  large  one,  the  man  in  charge  of  introduc- 
ing the  system  should  appoint  a  special  assistant  in  charge  of  each 
of  the  above  functions  just  as  an  engineer  designing  a  new  plant 
would  start  a  number  of  draftsmen  to  work  upon  the  various 
elements  of  construction.  Several  of  these  assistants  will  be 
brought  into  close  contact  with  the  men,  who  will  in  this  way 
gradually  get  used  to  seeing  changes  going  on  and  their  sus- 
picion, both  of  the  new  men  and  the  methods,  will  have  been 
allayed  to  such  an  extent  before  any  changes  which  seriously 
affect  them  are  made,  that  little  or  no  determined  opposition  on 
their  part  need  be  anticipated.  The  most  important  and  difficult 
task  of  the  organizer  will  be  that  of  selecting  and  training  the 
various  functional  foremen  who  are  to  lead  and  instruct  the 
workmen,  and  his  success  will  be  measured  principally  by  his 
ability  to  mould  and  teach  these  men.  They  cannot  be  found, 
they  must  be  made.  They  must  be  instructed  in  their  new 
functions  largely,  in  the  beginning  at  least,  by  the  organizer  him- 
self; and  this  instruction,  to  be  effective,  should  be  mainly  in 
actually  doing  the  work.  Explanation  and  theory  will  go  a  little 
way,  but  actual  doing  is  needed  to  carry  conviction.  To  illus- 
trate :  For  nearly  two  and  one-half  years  in  the  large  shop  of  the 
Bethlehem  Steel  Company,  one  speed  boss  after  another  was  in- 
structed in  the  art  of  cutting  metals  fast  on  a  large  motor-driven 
lathe  which  was    especially  fitted  to  run  at  any  desired    speed 
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^thin  a  rerj  wide  range.  The  work  done  in  this  machine  was 
entirely  connected,  either  mtli  the  study  of  cutting  tools  or  the 
instruction  of  speed  bosses.  It  was  most  interesting  to  see  these 
men,  principally  either  former  gang  bosses  or  the  best  workmen, 
gradually  change  from  their  attitude  of  determined  and  positive 
opposition  to  that  in  most  cases  of  enthusiasm  for,  and  earnest 
support  of,  the  new  methods.  It  was  actually  rimning  the  lathe 
themselves  according  to  the  new  method  and  under  the  most 
positive  and  definite  orders  that  produced  the  effect.  The  writer 
himseH  ran  the  lathe  and  instructed  the  first  few  bosses*  It 
required  from  three  weeks  to  two  months  for  each  man.  Per- 
haps the  most  important  part  of  the  gang  bosses  and  foreman's 
education  lies  in  teaching  them  to  promptly  obey  orders  and 
instructions  received  not  only  from  the  superintendent  or  some 
official  high  in  the  company,  but  from  any  member  of  the  plan- 
ning room  whose  especial  function  it  is  to  direct  the  rest  of  the 
works  in  his  particidar  line;  and  it  may  be  accepted  as  an  un- 
questioned fact  that  no  gang  boss  is  fit  to  direct  his  men  until 
after  he  has  learned  to  promptly  obey  instructions  received  from 
any  proper  soureCj  whether  he  likes  his  instructions  and  the  in- 
structor or  not»  and  even  although  he  may  be  convinced  that  be 
knows  a  much  better  way  of  doing  the  work.  The  first  step  is 
for  each  man  to  learn  to  obey  the  lau*3  as  they  exists  and  nest, 
if  the  laws  are  wrongs  to  have  them  reformed  in  the  proper  way. 

305»  In  starting  to  organize  even  a  comparatively  small  shop, 
containing  say  from  75  to  100  nieUj  it  is  best  to  begin  by  training 
in  the  full  number  of  functional  foremen j  ojie  for  each  function, 
since  it  must  be  remembered  that  about  two  out  of  three  of  those 
who  are  taught  this  work  either  leave  of  their  own  accord  or 
prove  unsatisfactory:  and  in  addition,  while  both  the  workmen 
and  bosses  are  adjusting  themselves  to  their  new  duties,  there 
are  needed  fully  twice  the  number  of  bosses  as  are  required  to 
carry  on  the  work  after  it  is  fully  systematized. 

S06-  Unfortunately^  there  is  no  nneans  of  selecting  in  advance 
those  out  of  a  number  of  candidates  for  a  given  work  who  are 
likely  to  prove  successful.  Many  of  those  who  appear  to  have  all 
of  the  desired  qualities,  and  who  talk  and  appear  the  best,  will  turn 
out  utter  failures,  while  on  the  other  hand,  some  of  the  most  un- 
likely men  ri^e  to  the  top»  The  fact  is,  that  the  more  attractive 
quahHies  of  good  manners,  education,  and  even  special  training  and 
skill,  which  are  more  apparent  on  the  Burface^  count  for  less  in  an 
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executive  position  than  the  grit,  determination  and  bulldog  endur- 
ance and  tenacity  that  knows  no  defeat  and  conies  up  smiling  to  be 
knocked  down  over  and  over  again. 

307.  The  two  qualities  which  count  most  for  success  in  this  kind 
of  executive  work  are  grit  and  what  may  be  called  "  constructive 
imagination '' — the  faculty  which  enables  a  man  to  use  the  few 
facts  that  are  stored  in  his  mind  in  getting  around  the  obstacles 
that  oppose  him,  and  in  building  up  something  useful  in  spite 
of  them;  and  unfortunately,  the  presence  of  these  qualities, 
together  with  honesty  and  common  sense,  can  only  be  proved 
through  an  actual  trial  at  executive  work.  As  we  all  know,  success 
at  college,  or  in  the  technical  school,  does  not  indicate  the  presence 
of  these  qualities,  even  though  the  man  may  have  worked  hard. 
Mainly,  it  would  seem,  because  the  work  of  obtaining  an  education 
is  principally  that  of  absorption  and  assimilation;  while  that  of 
active  practical  life,  is  principally  the  direct  reverse,  namely  that 
of  giving  out. 

308.  In  selecting  men  to  be  tried  as  foremen,  or  in  fact  for  any 
position  throughout  the  place,  from  the  day  laborer  up,  one  of 
two  different  types  of  men  should  be  chosen,  according  to  the 
nature  of  the  work  to  be  done.  For  one  class  of  work,  men 
should  be  selected  who  are  too  good  for  the  job ;  and  for  the  other 
class  of  work,  men  who  are  barely  good  enough. 

309.  If  the  ^vork  is  of  a  routine  nature,  in  which  the  same  oper- 
ations are  likely  to  be  done  over  and  over  again,  with  no  great 
variety,  and  in  which  there  is  no  apparent  prospect  of  a  radical 
change  being  made,  perhaps  through  a  term  of  years,  even 
though  the  work  itself  may  be  complicated  in  its  nature,  a  man 
should  be  selected  whose  alnlities  are  barolv  equal  to  the  task. 
Time  and  training  wdll  fit  him  for  his  work,  and  since  he  will  be 
better  paid  than  in  the  past,  and  will  realize  that  he  has  been 
given  the  chance  to  make  his  abilities  yield  him  the  largest 
return — all  of  the  elements  for  promoting  cont-ontment  will  be 
present;. and  those*  men  who  are  bh'ssed  with  cheerful  dispositions 
will  become  satisfied  and  remain  so.  Of  course*,  a  considerable 
part  of  mankind  is  so  born  or  educated,  that  permanent  content- 
ment is  out  of  the  (|uestion.  Xo  one,  however,  should  be  influ- 
enced l).y  the  discontent  of  this  class. 

310.  If  the  work  to  be  done  is  of  great  variety — particularly 
if  improvements  in  methods  are  to  be  anticipated — throughout 
the  period  of  active  organization  the  men  engaged  in  systematiz- 
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ing  sliouM  be  too  good  for  their  jobs.  For  such  work,  men  should 
b©  Belected  whoae  mental  calibre  and  attainmetita  will  fit  them^ 
iiltiniately  at  least,  to  command  higher  wagers  than  can  be 
afforded  on  the  work  which  thej  are  at*  It  will  prove  a  \\is6 
policy  to  promote  such  men,  both  to  better  positions  and  paj% 
when  thev  Lave  shown  themselves  capable  of  nceoinplishing 
resultSj  and  the  opportunity  offers.  The  results  which  these  high- 
classed  lupn  ^yill  accomplish,  and  the  comparatively  flhort  tim« 
which  they  will  take  in  organizing,  will  muoli  more  than  pay 
for  the  expense  and  trouble  later  on,  of  training  other  men, 
cheaper  and  of  less  capacity,  to  take  their  places.  In  many  cases^ 
however,  gang  bosses  and  men  will^develop  faster  than  new  posi- 
tions open  for  them.  When  thin  occurs,  it  will  pay  employers 
well  to  find  them  pogitions  in  other  works,  either  with  better  pay, 
or  larger  opportunities;  not  only  as  a  matter  of  kindly  feeling  and 
generosity  toward  their  men^  but  even  more  with  the  object  of 
promoting  the  best  interests  of  their  own  establishments.  For 
one  man  lost  iu  this  w^ay,  five  will  be  stimulatfid  to  work  to  the 
very  liniit  of  their  abilities,  and  %vill  rise  ultimately  to  take  the 
place  of  the  man  who  has  gone,  and  the  best  class  of  men  will 
apply  for  work  wherp  these  methods  prevail.  But  few  em- 
ployers, however,  are  sufficiently  broad-minded  to  adopt  this 
policy.  They  dread  the  trouble  and  temporary  inconvenience 
incident  to  training  in  new  men. 

311.  Our  president^  Mr,  James  M,  Dodge,  is  one  of  the  few 
men  wath  whom  the  writer  is  acquainted  who  has  been  let!  by  his 
kindly  instincts,  as  well  as  by  a  far-sighted  policy,  to  treat  his 
employees  in  this  way;  and  this,  together  with  the  person  a  1 
magnt^tism  and  influence  which  belong  to  men  of  his  type,  has 
done  much  to  render  his  shop  one  of  tlic  model  establishments 
of  the  country,  certainly  as  far  as  the  relatioua  of  employer  and 
men  are  concerned* 

312,  On  the  otlicr  hand,  this  policy  of  promoting  men  and  find* 
ing  them  new  positions  has  its  limit s>  No  worse  mistake  can  be 
made  than  that  of  allowing  an  establishment  to  be  looked  upon  as 
a  training  school  to  be  used  mainly  for  the  education  of  many  of 
its  employees.  All  employees  should  bear  in  mind  that  each 
shop  exists,  first,  last,  and  all  the  time,  for  the  purpose  of  paying 
dividends  to  its  owners.  They  should  have  patience,  and  never 
lose  sight  of  this  fact.  And  no  man  should  expect  promotion 
until  after  he  has  trained  his  successor  to  take  his  place.     The 
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writer  is  quite  sure  that  In  his  ovm  cascj  as  a  young  man,  no  one 

element  was  of  such  assistance  to  him  in  obtaining  new  oppor* 
tunities  as  the  practice  of  invariably  training  another  man  to  fill 
his  position  before  asking  for  advancement 

313*  The  first  of  the  functional  foremen  to  be  brought  into  ac- 
tual contact  with  the  men  should  be  the  inspector;  and  the  whole 
system  of  inspection,  with  its  proper  safeguards,  should  be  in 
smooth  and  successful  operation  before  any  steps  are  taken  to- 
ward stimulating  the  men  to  a  larger  output;  othervidse  an  in- 
crease in  quantity  will  probably  be  accompanied  by  a  falling  off 
in  quality. 

314.  Next  choose  for  the  application  of  the  two  principal  func* 
tional  foremen^  viz,y  the  speed  boss  and  the  gang  boss,  that  portion 
of  the  work  in  which  there  is  the  largest  need  of,  and  opportunity 
for,  making  a  gain.  It  is  of  the  utmost  importance  that  the 
first  combined  application  of  time  study,  slide  rules^  instruction 
cards,  functional  foremanship,  and  a  premium  for  a  large  daily 
task  should  prove  a  sticcess  both  for  the  workmen  and  for  the 
company,  and  for  this  reason  a  simple  class  of  work  should  be 
chosen  for  a  start.  The  entire  efforts  of  the  new  management 
should  be  centred  on  one  point,  and  continue  there  until  un- 
qualified success  has  been  attained. 

316,  When  once  this  gain  has  been  made,  a  peg  should  be  put  in 
which  shall  keep  it  from  sliding  back  in  the  least;  and  it  iB  here 
til  at  the  task  idea  Avith  a  time  limit  for  each  job  will  be  found 
moet  useful.  Under  ordinary  piece  work,  or  the  Towne-Halsey 
plan^  the  men  are  likely  at  any  time  to  slide  back  a  considerable 
distance  without  having  it  particularly  noticed  either  by  them  or 
the  management.  With  the  task  idea,  the  first  falling  off  is 
instantly  felt  by  the  workman  through  the  loss  of  his  day^s  bonus, 
or  his  differential  rate,  and  is  thereby  also  forcibly  brought  to  the 
attention  of  the  management. 

316.  There  is  one  rather  natural  difficulty  which  arises  when 
functional  foremanship  is  first  introduced.  Jlen  who  were  for- 
merly either  gang  bosses^  or  foremen,  are  usually  chosen  as  func- 
tional foremen,  and  these  meuj  when  they  find  their  duties  re- 
stricted  to  their  particular  functions,  while  they  formerly  were 
called  upon  to  do  everything,  at  first  feel  dissatisfied.  They  think 
that  their  field  of  usefulness  is  being  greatly  contracted.  This  is, ' 
however,  a  theoretical  diffieulty,  which  disappears  when  they 
really  get  into  the  full  swing  of  their  new  positions*     In  fact 
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the  new  position  demands  an  amount  of  special  information^  fore- 
thought  J  and  a  clear-cut,  definite  responsibility  that  they  have 
never  even  approximated  in  the  past,  and  which  is  amply  sufB- 
cient  to  keep  all  of  tlieir  best  faculties  and  energies  alive  and 
fully  occupic^d.  It  h  the  experience  of  tie  writer  that  there  is  a 
great  commercial  demand  for  men  with  this  sort  of  definite 
knowledge,  who  are  used  to  accepting  real  responsibility  and 
getting  results;  so  that  the  training  in  their  new  duties  renders 
them  more  instead  of  less  valualjle. 

317.  As  a  rule,  the  writer  has  found  that  those  who  were  growl- 
ing the  most,  and  %vere  loudest  in  asserting  that  they  ought  to  be 
doing  the  whole  thing,  were  only  one-half  or  one-quarter  per- 
fonning  tlieir  own  particular  functions.  This  desire  to  do  eveiy- 
one's  eke  work  in  addition  to  their  own  generally  disappears 
when  they  are  held  to  strict  account  in  their  particular  line^  and 
are  given  enough  work  to  keep  them  hustling. 

318.  There  are  many  people  who  will  disapprove  of  the  whole 
scheme  of  a  planning  department  to  do  the  thinking  for  the  men, 
as  well  as  a  number  of  foremen  to  assist  and  lead  each  man  in  his 
work,  on  the  ground  that  this  does  not  tend  to  promote  inde- 
pendence, self-reliance  and  originality  in  the  individual*  Those 
holding  tills  view,  however,  must  take  exception  to  the  whole 
trend  of  modern  industrial  development;  and  it  appears  to  the 
writer  that  they  overlook  the  real  facta  in  the  case. 

SI  J).  It  is  true,  for  instance,  that  the  planning  room,  and  func- 
tional foremansldp,  render  it  possible  for  an  intelligent  laborer  or 
heljMsr  in  time  to  do  much  of  the  work  now  done  by  a  machinist, 
Isi  not  this  a  good  thing  for  the  laborer  and  helj>eri  He  is  given 
a  higher  class  of  work,  which  tends  to  develop  him  and  gives  him 
l>etter  wages.  In  the  sympathy  for  the  machinist  the  case  of 
the  laborer  is  overlooked.  This  symi>athy  for  the  machinist  is, 
however,  wasted,  since  the  machinist,  with  the  aid  of  the  new 
system,  will  rise  to  a  higher  class  of  work  w^hich  he  w^as  unable 
to  do  in  the  past,  and  in  addition,  divided  or  functional  foreman- 
ship  will  call  for  a  larger  number  of  men  in  this  classj  so  that 
men,  who  must  otherwise  have  remained  raachinists  all  their 
lives,  wdll  have  the  opportunity  of  rising  to  a  foremanshipp 

320.  The  demand  for  men  of  originality  and  brains  was  never 
so  great  as  it  is  now,  and  the  modem  subdivision  of  labor,  instead 
of  dw^arfing  men,  enables  them  all  along  the  line  to  rise  to  a 
higher  plane  of  efEciencyj  involving  at  the  same  time  more  brain 
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work  and  less  monotony.  The  type  of  man  who  was  formerly 
a  day  laborer,  digging  dirt,  is  now  for  instance  making  shoes  in  a 
shoe  factory,  and  dirt  handling  is  done  by  Italians  or  Hungarians. 

321.  After  the  planning  room  with  functional  foremanship  has 
accomplished  its  most  difficult  task,  of  teaching  the  men  how  to 
do  a  full  day's  work  themselves,  and  also  how  to  get  it  out  of 
their  machines  steadily,  tlien,  if  desired,  the  number"  of  non- 
producers  can  be  diminished,  preferably,  by  giving  each  type  of 
functional  foreman  more  to  do  in  his  specialty ;  or  in  the  case  of 
a  very  small  shop,  by  combining  two  different  functions  in  the 
same  man.  The  former  expedient  is,  however,  much  to  be 
preferred  to  the  latter.  There  need  never  be  any  worry  about 
what  is  to  become  of  those  engaged  in  systematizing  after  the 
period  of  active  organization  is  over.  The  difficulty  will  still 
remain  even  with  functional  foremanship;  that  of  getting  enough 
good  men  to  fill  the  positions,  and  the  demand  for  competent 
gang  bosses  will  always  be  so  great  that  no  good  boss  need  look 
for  a  job. 

322.  Of  all  the  farces  in  management  the  greatest  is  that  of  an 
establishment  organized  along  well  planned  lines,  with  all  of  the 
elements  needed  for  success,  and  yet  which  fails  to  get  either 
output  or  economy.  There  must  be  some  man  or  men  present  in 
the  organization  who  will  not  mistake  the  form  for  the  essence, 
and  who  will  have  brains  enough  to  find  out  those  of  their  em- 
ployees who  "  get  there,"  and  nerve  enough  to  make  it  unpleas- 
ant for  those  who  fail,  as  well  as  to  reward  those  who  succeed. 
No  system  can  do  away  with  the  need  of  real  men.  Both  system 
and  good  men  are  needed,  and  after  introducing  tlie  best  system, 
success  will  be  in  proportion  to  the  ability,  consistency  and  re- 
spected authority  of  the  management. 

323.  In  a  paper  of  this  sort,  it  would  be  manifestly  improper  to 
discuss  all  of  the  details  which  go  toward  making  the  system  a 
success.  Some  of  them  are  of  such  importance  as  to  render  at 
least  a  brief  reference  to  them  necessary.  And  first  among  these 
comes  the  study  of  "  unit  times.'' 

324.  This,  as  already  expLiined,  is  the  most  important  element 
of  the  system  advocated  bv  the  writer.  Without  it,  the  definite, 
clear-cut  directions  given  to  the  workman,  and  the  assigning  of  a 
full,  yet  just,  daily  task,  with  its  premium  for  success,  would  be 
impossible ;  and  the  arch  Amhout  the  keystone  would  fall  to  the 
ground. 
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326,  In  1883,  while  foreman  of  the  machine  shop  of  the  Mid^ 
vale  Steel  Company  of  Phiktlelpbia,  it  occurred  to  the  writer  that 
it  was  simpler  to  time  with  a  stop  watcli  each  of  the  elements  of 
the  various  kinds  of  work  done  in  the  place,  and  then  find  the 
quickest  time  in  which  each  job  could  be  done  hy  summinpf  up  the 
total  times  of  its  component  part^*  than  it  was  to  search  through 
the  time  records  of  former  johs  and  guess  at  the  proper  time  and 
price.  After  practising  this  method  of  time  study  himself  for 
ahout  a  year,  as  well  as  circumstances  would  permit,  it  became 
evident  that  the  system  was  a  success.  The  writer  then  established 
the  time-study  and  rate-fixing  department,  which  has  given  out 
piece  work  prices  in  the  place  ever  since* 

326.  Tliis  department  far  more  than  paid  for  itself  from  the 
very  start;  but  it  w^as  several  years  before  the  full  benefits  of  the 
system  were  felt,  owing  to  the  fact  that  the  best  methods  of  making 
and  recording  time  observations,  as  well  as  of  determining  the 
maximum  capacity  of  each  of  the  machines  in  the  place,  and  of 
mating  %vorking  tables  and  time  tables,  were  not  at  first  adopted. 

327.  It  has  been  the  writer's  experience  that  the  difficulties  of 
flcientiric  time  study  are  underestimated  at  first,  and  greatly  over- 
estimated after  actually  trying  the  work  for  two  or  three  months. 
The  average  manager,  who  decides  to  undertake  the  study  of 
"  unit  times  '^  in  his  works,  fails  at  first  to  realize  that  he  is  start- 
ing a  new  art  or  trade.  He  understands,  for  instance,  the  diffi* 
culties  wliich  he  would  meet  wth  in  establishing  a  drafting  room, 
and  would  look  for  but  small  results  at  first,  if  he  were  to  give  a 
bright  man  the  task  of  making  drawings  who  had  never  worked 
in  a  drafting  room,  and  who  was  not  even  familiar  with  drafting 
implements  and  methods,  hut  he  entirely  underestimates  the  difii- 
culties  of  this  new  trade. 

328.  The  art  of  studying  **  unit  times ''  is  quite  as  inaportant 
and  as  difficult  as  that  of  the  draftsman.  It  should  be  undertaken 
seriously,  and  looked  upon  as  a  profession.  It  has  its  own  peculiar 
implements  and  methods,  without  the  use  and  understanding  of 
which  progress  will  necessarily  he  sloWj  and  in  the  absence  of 
which  there  will  bo  more  failures  than  successes  scored  at  first. 

329.  When,  on  the  other  hand,  an  energetic,  determined  man 
goes  at  "  time  study  *'  as  if  it  were  his  life's  work,  with  the  deter- 
mination to  succeed,  the  results  which  he  can  secure  are  little  short 
of  astounding.  The  difficulties  of  the  task  will  bc^  felt  at  once,  and 
80  strongly  by  any  one  who  undertakes  itj  that  it  seems  important 
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to  encourage  the  begumer  by  giving  at  least  one  illustration  ol 
what  has  been  accomplished, 

330,  Mr,  Sanford  E.  Thompson j  CE.,  of  Newton  Highlands, 
Mass.f  started  in  1806  with  but  small  help  from  the  writer^  except 
as  far  as  the  implements  and  methods  are  concernedj  to  study  the 
time  required  to  do  all  kinds  of  work  in  the  building  trades.  In  sis 
years  he  has  made  a  complete  study  of  eight  of  the  most  important 
trades— excavation,  masoury^  bricklaying  (including  sewer-work 
and  paving),  carpentry,  concrete  and  cement  work,  lathing  and 
piaster! tigj  slating  and  roofing  and  rock  quarrying.  He  took  every 
stop  watch  observation  himself,  and  then  with  the  aid  of  two 
comparatively  cheap  assistants,  worked  up  and  tabulated  all  of  his 
data  ready  for  the  printer.  Tlie  magnitude  of  this  undertaking 
will  be  appreciated  when  it  is  unBerstood  that  the  tables  and 
descriptive  matter  for  one  of  these  trades  alone  take  up  about  250 
pages*  Mr,  Thompson  and  tte  writer  are  both  engineers*  but 
neither  of  us  was  especially  familiar  with  the  above  trades  and 
this  work  could  not  have  been  accoinplished  in  a  lifetime  without 
the  study  of  elementary  units  with  a  stop  watch. 

331,  In  the  course  of  this  work,  Mr*  Thouxpson  has  developed 
what  are  in  many  respects  the  best  implements  in  use^  and  with  his 
permission  some  of  them  will  be  described.  The  blank  form  or 
note  sheet  used  by  Mr,  Thompson,  shown  in  Fig,  293,  contains 
essentially : 

(1)  Space  for  the  description  of  the  work  and  notes  in  regard  to 
it, 

(2)  A  place  for  recording  the  total  time  of  complete  operations 
— that  is,  the  gross  time  including  all  necessary  delays,  for  doing 
a  whole  job  or  large  poi'tions  of  it, 

(3)  Lin(>s  for  setting  dowm  the  "Detail  Operations/'  or  "  units  " 
into  which  any  piece  of  work  may  be  divided,  followed  by  columns 
for  entering  the  averages  obtained  from  the  observations, 

(4)  Squares  for  recording  the  readings  of  the  stop  watch  wdien 
observing  the  times  of  these  elements,  (If  these  squares  are  fi.lled, 
additional  records  can  be  entered  on  the  back.)  The  size  of  thg 
sheets,  which  should  be  of  be^^t  quality  ledger  paper,  is  8|  Inches 
wide  by  7  inches  long,  and  by  folding  in  the  centre  they  can  be 
conveniently  carried  in  the  pocket,  or  placed  in  a  case  containing 
one  or  more  stop  watches, 

332,  This  case,  or  "  watch  book,"  is  another  device  of  Mr. 
ThompBon's.     It  consists  of  a  frame  work,  containing  concealed  in 
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it,  one,  two  or  three  watches,  whose  stop  and  start  movements  can 
be  operated  by  pressing  with  the  fingers  of  the  left  hand  upon  the 
proper  portion  of  the  cover  of  the  note-book  without  *  the  knowl- 
edge of  the  workman  who  is  being  observed.  The  frame  is  bound 
in  a  leather  case  resembling  a  pocket  note-book,  and  has  a  place 


Fi«.  294. 


for  the  note  sheets  described.  A  sketch  of  this  watch-book  is 
shown  in  Fig.  21)4.  The  operation  .selected  for  illustration  on 
the  note  sheet  is  the  excavation  of  earth  with  wheelbarrows,  and 
the  values  given  are  fair  averages  of  actual  contract  work  where 
the  wheelbarrow  man  fills  his  o\\ti  barrow.  It  is  obviouB  that  ^ 
similar  methods  of  analyzing  and  recording  may  be  applied  to 

*  The  writer  does  not  believe  at  aU  in  the  policy  of  spying  upon  the  workman 
when  talking  time  observations  for  the  purpose  of  time  study.  If  the  men  ob- 
served are  to  be  ultimately  affected  by  the  results  of  these  observations,  it  is 
generally  best  to  come  out  openly,  and  let  them  know  that  they  are  being  timed, 
and  what  the  object  of  the  timing  is.  There  are  many  cases,  however,  in  which 
telling  the  workman  that  ho  was  being  timed  in  a  minute  way  would  only  result 
in  a  row,  and  in  defeating  the  whole  object  of  the  timing  ;  particularly  when 
only  a  few  time  units  are  to  be  studied  on  one  man's  work,  and  when  this  man 
will  not  be  personally  affected  by  the  resultr^  of  the  observations.  In  these  cases, 
the  watch  book  of  Mr.  Thompson,  holding  the  watches  in  the  cover,  is  especially 
useful.  A  good  deal  of  judgment  is  required  to  know  when  to  time  openly,  or 
the  reverse. 
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work  ranging  from  unloading  coal  to  skilled  labor  on  fine  machine 
tools. 

333.  The  method  of  using  the  note  sheets  for  timing  a  work- 
man is  as  follows : 

After  entering  the  necessary  descriptive  matter  at  the  top  of 
the  sheet,  divide  the  operation  to  be  timed  into  its  elementary 
units,  and  write  these  units  one  after  another  under  the  heading 
"  Detail  Operations."    (If  the  job  is  long  and  complicated,  it  may 


Fig.  295. 


be  analyzed  while  the  timing  is  going  on,  and  the  elementary  units 
entered  then  instead  of  beforehand.)  In  wheelbarrow  work  as 
illustrated  in  the  example  shown  on  the  note  sheet  (Fig.  293), 
the  elementary  units  consist  of  "  filling  barrow,"  "  starting " 
(which  includes  throwing  down  shovel  and  lifting  handles  of 
barrow),  "  wheeling  full,"  etc.  These  imits  might  have  been 
further  subdivided — the  first  one  into  time  for  loading  one  shovel- 
ful, or  still  further  into  the  time  for  filling  and  the  time  for 
emptying  each  shovelful. 

334.  The  letters  a,  b,  c,  etc.,  which  are  printed,  are  simply  foi: 
convenience  in  designating  the  elements. 

335.  We  are  now  really  for  the  stop  watch,  which,  to  save  cleri- 
cal work,  should  be  ])rovide(l  with  a  decimal  dial  similar  to  that 
shown  in  Fig.  21)5.  The  mctliod  of  using  this  and  of  recording 
the  times  depends  u])on  the  character  of  the  time  observations.  In 
all  cases,  however,  the  stop  watch  times  are  recorded  in  the 
columns  headed  "  Tiuw  "  at  the  top  of  the  right-hand  half  of  the 
note  sheet.  These  cf>hnnns  are  tin;  only  place  on  the  face  of  the 
sheet  where  stop-watch  readings  are  to  be  entered.     If  more 
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space  is  required  for  these  times,  tbey  ahould  be  entered  ou  the 
back  of  the  sheets.  The  rest  of  the  figures  (except  those  on  the 
left'hand  page,  which  rnay  be  taken  from  an  ordinary  timepiece) 
are  the  results  of  calculationj  and  may  be  made  in  the  office  by 
any  clerk. 

336,  As  has  been  statedj  the  method  of  recording  the  stop-watch 
observations  depends  upon  the  work  which  is  being  observed*  If 
tiie  operation  consists  of  the  same  element  repeated  over  and  over, 
the  tinie  of  each  may  be  set  down  separately ;  or,  if  the  element  is 
very  smalU  the  total  time  of,  say,  ten  may  be  entered  as  a  frae- 
tioUj  with  the  time  for  all  ten  observations  as  the  numerator,  and 
the  number  of  observations  for  the  denominator, 

337,  In  the  illustration^  the  operation  consists  of  a  series  of  ele- 
ments. In  such  a  caaej  the  letters  designating  each  elementary  unit 
are  entered  under  the  columns  ^*  Op,/^  the  stop-watch  is  thrown  to 
zero,  and  started  as  the  man  commences  to  work.  As  each  new 
division  of  the  operation  (that  is,  as  each  elementary  unit  or  '^  unit 
time  ")  is  begun,  the  time  is  recorded.  During  any  special  delay 
the  watch  may  be  stopped^,  and  started  again  from  the  same  point, 
although,  as  a  rule,  Mr,  Thompson  advocates  allowing  the  watch 
to  run  continuously^  and  enters  the  time  of  such  a  stop,  designatr 
ing  it  for  convenience  by  the  letter  *'  Y/* 

338,  In  the  case  we  are  considering,  two  kinds  of  materials  %vere 
handled — ^and  and  clay.  The  time  of  each  of  the  unit  times, 
except  the  filling,  is  the  same  for  both  sand  and  clay ;  hence,  if  we 
have  sufficient  observations  on  either  one  of  the  mat-erials,  the 
only  element  of  the  other  which  requires  to  be  timed  is  the  load- 
ing.    This  illustrates  one  of  the  merits  of  the  elementary  system. 

339,  The  column  "  A  v."  is  filled  from  the  preceding  column* 
The  figures  thus  found  are  the  actual  net  times  of  the  different 
'*  unit  times,"  These  unit  times  are  averaged  and  entered  in  the 
^*  Time  "  column,  on  the  lower  half  of  the  right-hand  page,  pre- 
ceded^ in  the  "  No,"  column,  by  the  number  of  observations  which 
have  been  taken  of  each  unit.  These  times,  combined  and  com- 
pared with  the  gross  times  on  the  left-hand  page,  will  determine 
the  percentage  lost  in  resting  and  other  necessary  delays,  A  con- 
venient method  for  obtaining  the  time  of  an  operation,  like  pick- 
ing, in  which  the  quantity  is  difficult  to  measure,  is  suggested  by 
the  records  on  the  left-hand  page, 

340,  The  percentage  of  the  time  taken  in  rest  and  other  neces- 
sary delays,  which  is  noted  on  the  sheet  as,  in  this  case,  about  27 
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per  cent-,  is  obtained  by  a  coniparison  of  the  average  net  ^^time  per 
barrow  "  on  the  right  with  the  "  time  per  barrow  "  on  the  left. 
The  latter  is  the  quotient  of  the  total  time  ahovelling  and  wheeling 
divided  bj  the  number  of  loads  wheeled. 

341.  It  must  be  remembered  that  the  example  given  is  simply 
for  illustration.  To  obtain  accurate  average  times,  for  any  item 
of  work  under  speeified  conditions,  it  is  necessary  to  take  observa- 
tions upon  a  number  of  nieUj  each  of  whom  is  at  work  under  con- 
ditions which  are  comparable.  The  total  number  of  observations 
which  should  he  taken  of  any  one  elementary  unit  depends  upon 
its  variableness,  and  also  upon  its  frequency  of  occurrence  in  a 
day's  work. 

342.  An  expert  observer  can,  on  many  kinds  of  work,  time  two 
or  three  men  at  the  same  time  with  the  same  watch,  or  he  can  oper- 
ate two  or  three  watch es^-one  for  each  man.     A  note  sheet  can 

|contain  only  a  comparatively  few  observations.     It  is  not  conveni- 
l^nt  to  make  it  of  larger  size  than  the  dimensions  given,  when  a 
watch-book  is  to  be  used,  although  it  is  perfectly  feasible  to  make 
the  hoiizontal  nilings  8  lines  to  the  inch  instead  of  5  lines  to  the 
inch  as  on  the  sample  sheet     There  will  have  to  be,  in  almost  all 
I  cases,  a  large  number  of  note  sheets  on  the  same  subject.     Some 
[lyfltem  must  be  arranged  for  collecting  and  tabulating  these  re- 
tsrdB.     On  Fig.  296  is  shown  a  portion  of  the  form  or  plate 
used  for  tabulating.     The  sketch  shows  for  lack  of  space  merely 
the  left-hand  end  of  the  plate.     The  total  length  should  be  either 
16  or  22  inches.     The  height  of  the  plate  is  10|  inches.     With 
these  dimensions  a   plate   may  bo   folded  and  filed   with    ordi- 
nary letter  sheets  (8  inches  by  10|  inches).     The  ruling  which  has 
been  found  most  convenient  is  for  the  vertical  divisions  3  columns 
to  1^  inches^  while  the  horizontal  lines  are  ruled  6  to  the  inch. 
The  cohmms  may,  or  may  not,  have  printed  headings. 

343.  The  data  from  the  note  sheet  in  Fig.  293  is  copied  on  to 
the  table  for  illustration.  The  first  columns  of  the  table  are  de* 
scriptiA^f*  The  rest  of  them  are  arranged  so  as  to  include  all  of  the 
"  unit  times,*'  with  any  otlier  data  which  are  to  he  averaged  or 
used  when  studying  the  results.  Data  upon  only  two  elements 
are  shown— that  of  **  loading  barrow  "  and  "  starting  " ;  the  re- 
mainder are  entered  in  a  similar  way  in  the  columns  which  follow, 
and  at  the  extreme  right  of  the  sheet  (not  sho^Ti)  the  gross  times^ 
including  rest  and  necessary  delay,  are  recorded  and  the  per- 
centages of  rest  are  calculated. 
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344.  Formulae  are  convenient  for  combining  the  elements.  For 
simplicity,  in  the  example  of  barrow  excavation,  each  of  the  "  unit 
times  "  may  be  designated  by  the  same  letters  used  on  the  note 
sheet  (Fig.  29;))  although  in  practice  each  element  can  best  be 
designated  by  the  initial  letters  of  the  words  describing  it. 

345.  Let 

a  =  time  filling  a  barrow  with  any  material. 

h  =  time  preparing  to  wheel. 

c  =  time  wheeling  full  barrow  100.  feet. 

d  =  time  dumping  and  turning. 

e  =  time  returning  100  feet  with  empty  barrow. 

f  =  time  dropping  barrow  and  starting  to  shovel. 

jp  =  Jbime  loosening  one  cubic  yard  with  the  pick. 

P  =  percentage  of  a  day  required  for  rest  and  necessary  delays. 

Z  =  load  of  a  barrow  in  cubic  feet. 

J?  =  time  per  cubic  yard  picking,  loading  and  wheeling  any  given 

kind  of  earth  to  any  given  distance  when  the  wheeler  loads 

his  own  barrow. 

346.  Then 

-(^  +  e)]^(l+P)     .    .     (1) 


distance  hauled , 


100 


347.  This  general  formula  for  barrow  work  can  be  simplified  by 
choosing  average  values  for  the  constants,  and  substituting 
numerals  for  the  letters  now  representing  them.  Substituting 
the  average  values  from  the  note  sheet  on  Fig.  293,  our  formula 
becomes: 

B^fp+^a-^  0.18  +  0.17  +  0.16  + 

'(0.22  +  0.26)]^)  1.27, 


distance  hauled , 


100 

OP 

JB==(p+[a  +  0.51  +  (0.0048)  distance  hauled]  ~)  1.27   .     .    (2) 
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348.  Formula  2  is  applicable  to  any  kind  of  earth  hauled  by 
men  working  at  the  speeds  recorded  on  the  note  sheet  to  any  dis- 
tance. 

349.  For  sand,  still  using  the  values  given  on  the  notfe  sheet 
(Fig.l). 

B=(o  +  [1.24  +  0.51  +  0.0048  (distance  hauled)]  ^)  1.27, 

or 

£  =  25.86  +  0.071  (distance  hauled) (8) 

For  a  50-foot  haul : 

B  =  25.86  +  0.071  (50)  =  29.4  min.  as  the  time  for  one  man  to  load 
and  wheel  one  cubic  yard  of  sand  a  distance  of  50  feet 

350.  In  classes  of  work  where  the  percentage  of  rest  varies 
with  the  different  elements  of  an  operation,  it  is  most  convenient 
to  correct  all  of  the  elementary  times  by  the  proper  percentages 
before  combining  them.  Sometimes  after  having  constructed  a 
general  formula,  it  may  be  solved  by  setting  down  the  substitute 
numerical  values  in  a  vertical  column  for  direct  addition. 

351.  On  Fig.  297  is  shown  a  table  to  illustrate  times  for 
throwing  earth  to  different  distances  and  different  heights.  It  will 
be  seen  that  for  each  special  material  the  time  for  filling  shovel  re- 
mains the  same  regardless  of  the  distance  to  which  it  is  thrown. 
Each  kind  of  material  requires  a  different  time  for  filling  the 
shovel.  The  time  throwing  one  shovelful,  on  the  other  hand, 
varies  with  the  length  of  throw,  but  for  any  given  distance  it  is  the 
same  for  all  of  the  earths.  If  the  earth  is  of  such  a  nature  that  it 
sticks  to  the  shovel,  this  relation  does  not  hold.  For  the  elements 
of  shoveling  we  have  therefore : 

352. 

8  =  time  filling  shovel  and  straightening  up  ready  to  throw. 

t   =  time  throwing  one  shovelful. 

w  =  time  walking  one  foot  with  loaded  shovel. 

w'  =  time  returning  one  foot  with  empty  shovel. 

L  =  load  of  a  shovel  in  cubic  feet. 

P  =  percentage  of  a  day  required  for  rest  and  necessary  delays. 

T  =  time  for  shovelling  one  cubic  yard. 
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353.  Our  formula,  then,  for  handling  anv  earth  after  it  is  loos- 
ened, is : 

T=([8  +  t  +  {w-^w')  distance  carried]  ^^  (1  +  P). 

354.  Where  the  material  is  simply  thrown  without  walking,  the 
formula  becomes : 

T=((s+t)^yi+p). 

355.  If  weights  are  used  instead  of  volumes: 

m-        1        ir  X  //    ,  a\  No.  of  lbs.  in  one  ton\  ,^    .    n. 

Time  shovelhnff  one  ton.  =  ((s  +  t)  — —. — ^ . tf-t  )  (1  +  P). 

•  \  weightof  oneshoveliui/  ' 

356.  The  writer  has  found  the  printed  form  shown  on  Fig.  6 
useful  in  studying  unit  times  in  a  certain  class  of  the  hand  work 
done  in  a  machine  shop.  This  blank  is  fastened  to  a  thin  board 
held  in  the  left  hand  and  resting  on  the  left  arm  of  the  observer. 
A  stop-watch  is  inserted  in  a  small  compartment  attached  to  the 
back  of  the  board  at  a  point  a  little  above  its  centre;  the  face  of  the 
watch  being  seen  from  the  front  of  the  board  through  a  small  flap 
cut  partly  loose  from  the  observation  blank;  while  the  watch  is 
operated  by  the  fingers  of  the  left  hand,  the  right  hand  of  the 
operator  is  at  all  times  free  to  enter  the  time  observations  on  the 
blank.  A  pencil  sketch  of  tlio  work  to  be  observed  is  made  in  the 
blank  space  on  the  upper  left-hand  portion  of  the  sheet.  In  using 
this  blank,  of  course,  all  attempt  at  secrecy  is  abandoned. 

357.  The  mistake  usually  made  by  b(»ginners  is  that  of  failing 
to  note  in  sufficient  detail  the  various  conditions  surrounding  the 
job.  It  is  not  at  first  appreciated  that  the  whole  work  of  the  time 
observer  is  useless  if  there  is  any  doubt  as  to  even  one  of  these 
conditions.  Such  items,  for  instance,  as  the  name  of  the  man  or 
men  on  the  work,  the  number  of  helpers,  and  exact  description 
of  all  of  the  implements  used,  even  those  which  seem  unimportant, 
such,  for  instance,  as  the  diameter  and  length  of  bolts  and  the 
style  of  clamps  used,  the  weight  of  the  piece  upon  which  work'is 
being  done,  etc. 

358.  It  is  also  desirabh*  that,  as  soon  as  practicable  after  taking 
a  few  complete  sets  of  time  observations,  the  operator  should  be 
given  the  opportunity  of  working  up  one  or  two  sets  at  least  by 
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gunniiing  up  the  unit  times  and  allowing  the  proper  per  cent,  of 
rest,  etc.^  and  putting  them  into  prat^tieal  imv^  either  hy  comparing 
bis  results  with  the  actual  time  of  a  job  wliich  is  known  to  be  done 
in  fast  time,  or  bj  setting  a  time  which  a  workman  is  to  live  up  to. 
351)*  The  actual  practical  trial  of  the  time  student^s  work  is 
most  useful,  both  in  teaching  him  the  necessity  of  carefully  noting 
the  minutest  details,  and  on  the  other  hand  convincing  him  of  the 
practicability  of  the  whole  method^  and  in  encouraging  him  in 
future  work. 

360.  In  making  time  observationSj  absolutely  nothing  should  be 
left  to  the  memory  of  the  student.  Every  item,  even  those  which 
appear  self-evident,  should  be  accurately  recorded.  The  writer, 
and  the  assistant  who  immediately  followed  him^  both  made  the 
mistake  of  not  putting  the  results  of  mxieh  of  their  time  study  into 
use  soon  enough^  so  that  many  time  observations  which  extended 
over  a  jieriod  of  months  were  thrown  away  in  most  instances  be- 
cause of  failure  to  note  some  apparently  unimportant  detail. 

361.  It  may  be  needless  to  state  that  when  the  results  of  time 
observations  are  first  worked  up,  it  will  take  far  more  time  to  pick 
out  and  add  up  the  proper  unit  times,  and  allow  the  proper  per- 
centages of  rest,  etc,  than  it  originally  did  for  the  workman  to 
do  the  job.  This  fact  need  not  disturb  the  operator,  however*  It 
will  be  evident  that  the  slow  time  made  at  the  start  is  due  to  his 
lack  of  experience,  and  he  must  take  it  for  granted  that  later 
many  short-cuts  can  be  found,  and  that  a  man  with  an  average* 
memory  will  be  able  with  practice  to  carry  all  of  the  important 
time  units  in  his  head* 

362.  No  system  of  time  study  can  be  looked  upon  as  a  success 
unless  it  enables  the  time  observer,  after  a  reasonable  amount  of 
Btndy,  to  predict  with  accuracy  how  long  it  should  take  a  good  man 
to  do  almost  any  job  in  the  particular  trade,  or  branch  of  a  trade^ 
to  which  the  time  student  has  been  devoting  himself.  It  is  true 
that  hardly  any  two  jobs  in  a  given  trade  are  exactly  the  same, 
and  that  if  a  time  student  were  to  follow  the  old  method  of  study- 
ing and  recording  the  whole  time  required  to  do  the  various  jobs 
which  came  under  his  observation,  ^vithout  dividing  them  into 
their  elements,  he  would  make  comparatively  small  progress  in  a 
lifetime,  and  at  best  would  become  a  skilful  guesser*  It  is»  how- 
ever, equally  true  that  all  of  the  work  done  in  a  given  trade  can 
be  divided  into  a  comparatively  small  number  of  elements  or  units, 
and  that  with  proper  implements  and  methods  it  is  comparatively 
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easy  for  a  skilled  obseryer  to  determine  the  time  required  by  a 
good  man  to  do  any  one  of  these  elementary  units, 

363.  Having  carefully  recorded  the  time  for  each  of  these  ele- 
ments, it  is  a  simple  matter  to  divide  each  job  into  its  elementary 
units,  and  by  adding  tlicir  times  togetlier,  to  arrive  accurately  at 
the  total  time  for  the  job.  The  elements  of  the  art  which  at  first 
appear  most  difficult  to  investigate  are  the  percentages  which 
^should  be  allowed,  under  different  eonditionSy  for  rest  and  for 
ccidental  or  unavoidable  delays.  These  elements  can,  however, 
be  studied  with  about  the  same  accuracy  as  the  others^ 

364*  Perhaps  the  greatest  difficulty  rests  upon  the  fact  that  no 
two  men  work  at  exactly  the  same  speed.  The  writer  has  found  it 
best  to  take  his  time  observations  on  first-class  men  only,  when 
tliey  can  be  found;  and  these  men  should  be  timed  when  working 
at  their  best-  Having  obtained  the  best  time  of  a  firstn^lass  man, 
it  is  a  simple  matter  to  determine  the  percentage  which  an  average 
man  will  fall  short  of  this  maximum, 

365.  It  is  a  good  plan  to  pay  a  first-class  man  an  extra  price 
whilf*  his  work  is  being  timed-  When  workmen  once  understand 
that  the  time  study  is  being  made  to  enable  them  to  earn  higher 
wages,  the  writer  has  found  them  quite  ready  to  help  instead  of 
hindering  him  in  !iis  work.  The  division  of  a  given  job  into  its 
proper  elementary  units,  before  beginning  the  time  study,  calls 
forcon^iclerable  skill  and  good  judgment*  If  the  job  to  be  observed 
is  one  which  will  be  repeated  over  and  over  again,  or  if  it  is  one  of 
a  series  of  similar  jobs  which  form  an  important  part  of  the  stand- 
ard work  of  an  establishment,  or  of  the  trade  which  is  being 
studied,  then  it  is  best  to  divide  the  job  into  elements  which  are 
rudimentary.  In  some  cases  this  subdivision  should  be  carried  to 
a  point  which  seems  at  first  glanee  almost  absurd. 

366.  For  example,  in  the  case  of  the  study  of  the  art  of  shovel- , 
ling  earths,  referred  to  in  the  table  Fig,  5^  it  will  be  seen  that 
handling  a  shovelful  of  dirt  is  subdivided  into^ 

«  ^  *'  Time  filling  shovel  and  straightening  up  ready  to  throw," 

and 

i  =  *'  Time  throwing  one  shovelful.'' 

367.  The  first  impression  is  that  this  minute  subdivision  of  the 
work  into  elements,  neither  of  which  takes  more  than  five  or  six 
seconds  to  performj  is  little  short  of  preposterous;  yet  if  a  rapid 
and  thorough  time  Btudy  of  the  art  of  shovelling  Is  to  be  made. 
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tMa  subdiTision  siniplifies  tlie  work,  and  makes  time  study  quioker 
and  more  thorough. 

368*  The  reasons  for  this  are  twofold : 

(1)  In  the  art  of  shovelling  dirt,  for  instance,  the  study  of  fifty 
or  sixty  small  elements,  like  those  referred  to  above,  will  enable 
one  to  fix  the  exact  time  for  many  thousands  of  complete  jobs  of 
shovelling,  constituting  a  very  considerable  proportion  of  the  entire 
art* 

(2)  The  study  of  single  small  elements  is  simpler,  quicker,  and 
more  certain  to  be  successful  than  that  of  a  large  number  of 
elements  combined.  The  greater  the  length  of  time  involved  in  a 
single  item  of  time  study,  the  greater  will  be  the  likelihood  of 
interruptions  or  accidents,  which  will  render  the  results  obtained 
by  the  observer  questionable  or  even  useless. 

369-  There  is  a  considerable  part  of  the  work  of  most  establish- 
mentd  that  is  not  what  may  be  called  standard  work,  namely,  that 
which  ia  repeated  many  times.  Sueli  jobs  as  thiB  can  be  divided 
for  time  study  into  groups^^  each  of  which  contains  several  rudi- 
mentary elements*  A  division  of  this  sort  will  be  seen  by  referring 
to  the  data  entered  on  face  of  card  on  Fig.  20 3 ► 

370.  In  this  case,  instead  of  observing,  first,  the  *^  time  to  fill  a 
shovel,"  and  then  the  time  to  "  throw  it  into  a  wheelbarrow,"  etc,, 
a  number  of  these  more  rudimentary  operations  are  grouped  into 
the  single  operation  of :  a  =  "  Time  filling  a  wheelbarrow  with 
any  material/*  and  studied  as  a  whole* 

371.  Another  illustration  of  the  degree  of  subdivision  which  is 
desirable  will  be  found  by  referring  to  blank  on  Fig*  208, 

372*  Where  a  general  study  is  being  made  of  the  time  required 
to  do  all  kinds  of  hand  work  connected  witli  and  using  maehine 
tools,  the  items  printed  in  detail  should  be  timed  singly, 

373.  When  some  special  job,  not  to  be  repeated  many  times,  is 
to  be  studied,  then  several  elementary  items  can  be  grouped  to- 

*  gcther  and  studied  as  a  whole^  in  such  groups  for  example  as : 

**  Getting  job  ready  to  set/* 

"  Setting  work.*^ 

"  Setting  tool/' 

**  Extra  hand  work.** 

*'  Kemoving  work/* 

And  in  some  eases  even  these  groups  can  be  further  condensed. 

374.  An  illustration  of  the  time  units  which  it  is  desirable  to 
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sum  up  and  properly  record  and  index  for  a  certain  kind  of  lathe 
work  is  given  in  Fig.  299. 

375.  The  writer  has  found  that  wlien  some  jobs  are  divided  into 
their  proper  elements,  certain  of  these  elementary  operations  are 
so  very  small  in  time  that  it  is  diflBcult,  if  not  impossible,  to  obtain 
accurate  readings  on  the  watch.  In  such  cases,  where  the  work 
consists  of  recurring  cycles  of  elementary  operations,  that  is, 
where  a  series  of  elementary  operations  is  repeated  over  and  over 
again,  it  is  possible  to  take  sets  of  observations  on  two  or  more  of 
the  successive  elementaiy  operations  which  occur  in  regular  order, 
and  from  the  times  thus  obtained  to  calculate  the  time  of  each 
element.  An  example  of  this  is  the  work  of  loading  pig  iron  on 
to  bogies.       The  elementary  operations  or  elements  consist  of: 

(1)  Picking  up  a  pig. 

(2)  Walking  with  it  to  the  bogie. 

(3)  Throwing  or  placing  it  gn  the  bogie. 

(4)  Returning  to  the  pile  of  pigs. 

376.  Here  the  length  of  time  occupied  in  picking  up  the  pig  and 
throwing  or  placing  it  on  the  bogie  is  so  small  as  to  be  difficult 
to  time,  but  observations  may  be  taken  successively  on  the  ele- 
ments in  sets  of  three.  We  may,  in  other  words,  take  one  set  of 
observations  upon  the  combined  time  of  the  three  elements  num- 
bered 1,  2,  3;  another  set  upon  elements  2,  3,  4;  another  set  upon 
elements  3,  4,  1,  and  still  another  upon  the  set  4,  1,  2.  By  alge- 
braic equations  we  may  solve  the  values  of  each  of  the  separate 
elements. 

377.  If  we  take  a  cycle  consisting  of  five  (5)  elementary  opera- 
tions, a,  b,  e,  d,  e,  and  let  observations  be  taken  on  three  of  them 
at  a  time,  we  have  the  equations : 

a  +  5  +  (?  =  ^ 

I  +  c  +  d  =  B 

c  +  d  +  e  =  C 

d  +  e  +  a  =  D 

e  i-  a  +  h  =  F 

378.  We  may  solve  and  obtain : 

a  =  A  +  I)-i^S 
b=B-\-  F-'^^S 
c  =  C+A-iS 
d^D  +  B-iS 
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Estimates  for  Work  on   Lathes. 


OPERATIONS   CONNECreO    W 

TH 

PRE- 

Namej^.. ^ 

PARING  TO  MACHINEWORK  ON  LATHES 

AND  WITH  REMOVING  WOfJK  TO  FLOOR 
AFTER  IT  HAS  BECN  MACHINED 

Sketchy ,.„... Numbe 

Order^-...^ ...Weight 

Ff^F^  — M--.|.,i„..,d,. 

TIME   IN 

MetaJ,-.         «  -     Heat  No....  ^^^^^ 

OPERATIONS, 

MINUTE*. 

Tensile  Strength, .......Xhem.  Comp,...^^„ 

PultiDgchoiaoD,  Work  on  FIoot, 
**              *^       Work  QTi  Con tK?B. 

Per  Cent,  of  Stretch,. .., 

Taking  ^iTcliaiji,  Work  cm  Floor, 
*'               "       Work  ou  CL^nlrta, 
Putt  i  lit,''  on  Carrier ^ 
Tnkiii-^'ff 

HARDNESS,  Clasa^.....,.. 

OPERATIONS  CONNECTED  WJTH 

LiltitiLT  Work  to  S^bi^ATS, 

MACHJNtNG    WORK    ON    LATHES, 

t^eiriiij?  Work  on  Oiitrcs^ 

Lit t i  11  g  W ' k  Irmn  Vv n trf  a  1 0  Floor» 

,^ 

Turning  W^orlt,  Pnd  fur  ppd, 
AdjtK^tfng  Sod  11  W«eer, 

OPERATIONS. 

ti 

? 

0 

u 

vtu. 

Stamp]  n^H, 

Cent  re-pii  Dclilng^ 

Trying  Truc^tieiti  with  Cbilk, 

1 

ii. 

0 

1- 

— 

Tnniing  Feed  In, 

"      with  (  Hllipera, 

Ht                                    b^ 

**       with  Ooiiee, 

Hand  Ffijd, 

PiittlDj;  III  Mandrel, 

**              "^ 

Taklrij^  out        ** 

Boring  Wesfil  In, 

putting  In  ping  CentMF, 
Tnking  out        ** 

*^      Hand  Feed. 

Putting  11]  piUev  CflDtresT 

'*                         n 

Taking  ont 

SbirtLtigCiit, 

PnUhif;  on  Spidi^rM, 

*'         *' 

Taking  off        " 

Finlflblng  Cut, 

I'nUiiikT  on  Follow  Rent, 

n                     ** 

Tftkitig  oft 

FUlet, 

Pnttinj!  on  Face  PUte. 

** 

Taklne  off 

** 

Putting  on  Chuck, 

CoH«', 

TsktnK  off        ^'^ 

Fuclng, 

Lijiog  out. 

CbAH^Hng  Tooli. 

SliclOR 

Putt  In  J?  in  Pnckljig, 

** 

Cut  tii  iuu 

* 

Tveiirnlng  wb&t  i^  to  bo  done, 

Nkkiiig, 

ConeidFrtDg  bow  k>Claml\ 

Centring, 

OlUng  up. 

ih 

FrJJng. 

rlijujgniif  Tiro*!  Not«»» 

''^ 

i'haiiglHt;  Tooli^  *t  Tool  Hoom^ 
Sljiftfiig%VoTk, 
PuUliig  c>n  Former, 
Triklni;  off         '* 
Adjusting  Ffnai. 
1        "        Speed, 

UbIde  Emery  C^lotTi, 

H                                t- 

TOTAL 

MachlnlDg-Two  Ifpoc 

I^Uh 

sdi 

— Uno  IJf^ad  I'ted^ 

■*        Screw  CuttlJjg  0*ar, 

Hand  Work, 
Addltiouil  AllowanM, 

TOTAL  TIME, 

HIGH    RATE, 

LOW   RATE, 

Remarki, 

SIGN 

50,                                      TOTAL. 

Tims  «ctuft4ly  lik«fi. 

92 
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379.  The  writer  was  surprised  to  find,  however,  that  while  in 
some  cases  these  equations  were  readily  solved,  in  others  they  were 
impossible  of  solution.  My  friend,  Mr.  Carl  J.  Barth,  when  the 
matter  was  referred  to  him,  soon  developed  the  fact  that  the  num- 
ber of  elements  of  a  cycle  which  may  be  observed  together  is  sub- 
ject to  a  mathematical  law,  which  is  expressed  by  him  as  follows : 

The  number  of  successive  elements  obse)*ved  together  must  he 
prim^  to  the  total  number  of  elements  in  the  cycle. 

380.  Namely,  the  number  of  elements  in  any  set  must  contain 
no  factors;  that  is,  must  be  divisible  by  no  numbers  which  are  con- 
tained in  the  total  number  of  elements.  The  following  table  is, 
therefore,  calculated  by  Mr.  Barth  showing  how  many  operations 
may  be  observed  together  in  various  cases.  The  last  coliunn  gives 
the  number  of  observations  in  a  set  which  will  lead  to  the  deter- 
mination of  the  results  with  the  minimum  of  labor. 


No.  of  Operations 
in  the  Cycle. 

No.  of  Operations  that  may 
together. 

be  observed 

No.  ob^erred  together  that  lead 

to  a  minimum  of  labor  or  is 

otherwise  preferable. 

8 

2 

2 

4 

3 

8 

5 

2,  3,  or  4 

8  or   4 

6 

5 

6 

7 

2,  3,  4,  5,  or  6 

4  or    6 

8 

3,  5,  or  7 

5  or    7 

9 

2,  4,  5,  7,  or  8 

5  or    8 

10 

8,  7,  or  9 

7  or   9 

11 

2,  8,  4.  5.  6,  7,  8, 

9 

or 

10 

5  or  10 

13 

5,  7,  or  11 

7  or  11 

381.  Wlien  time  study  is  undertaken  in  a  systematic  way,  it  be- 
comes possible  to  do  greater  justice  in  many  ways  both  to  employ- 
ers and  workmen  than  has  been  done  in  the  past.  For  example,  we 
all  know  that  the  first  time  that  even  a  skilled  workman  does  a  job 
it  takes  him  a  longer  time  than  is  required  after  he  is  familiar 
with  his  work,  and  used  to  a  particular  sequence  of  operations. 
The  practised  time  student  can  not  only  figure  out  the  time  in 
which  a  piece  of  work  should  be  done  by  a  good  man,  after  he  has 
become  familiar  with  this  particular  job  through  practice,  but  he 
should  also  be  able  to  state  how  much  more  time  would  be  required 
to  do  the  same  job  when  a  good  man  goes  at  it  for  the  first  time; 
and  this  knowledge  would  make  it  possible  to  assign  one  time 
limit  and  price  for  new  work,  and  a  smaller  time  and  price  for 
the  same  job  after  being  repeated,  which  is  much  more  fair  and 
just  to  both  parties  than  the  usual  fixed  price. 
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382.  As  the  writer  has  said  several  times,  the  difference  be- 
^tween  the  best  speed  of  a  first-class  man  and  the  actual  speed  of 
the  average  man  is  very  great.  One  of  the  most  difficult  pieces 
of  work  which  must  be  faced  by  the  man  who  is  to  set  the  daily 
tasks  is  to  decide  just  how  hard  it  is  wise  for  him  to  make  the  task 
Shall  it  be  fixed  for  a  first*class  man^  and  if  not,  then  at  what 
point  between  the  first-class  and  the  average  ? 

3S3.  One  fact  is  clearj  it  should  always  be  well  above  the  per- 
formance of  the  average  man,  since  men  will  invariably  do  better 
if  a  bonus  is  offered  them  than  they  have  done  without  this  in* 
centive. 

384*  The  writer  has,  in  almost  all  cases,  solved  this  part  of  the 

problem  by  fixing  a  task  which  required  a  first-class  man  to  do  his 

best,  and  then  offering  a  good  round  premiuni.     When  this  high 

i  etandard  is  set  it  takes  longer  to  raise  the  men  up  to  it.    But  it 

is  surprising  after  all  how  rapidly  they  develop. 

385.  The  precise  point  bet  wee?  n  the  average  and  the  first-class, 
which  Is  selected  for  the  task,  should  depend  largely  upon  the  la- 
bor market  in  which  the  works  is  sitnated.  If  tlie  works  were  in  a 
fine  labor  market^  such,  for  instance,  as  that  of  Philadelphia,  there 
is  no  question  that  the  highest  standard  should  be  aimed  at.  If, 
on  the  other  hand,  the  shop  required  a  good  deal  of  skilled  labor, 
and  were  sitnated  in  a  small  country  town,  it  might  be  wise  to  aim 
rather  lower.  There  is  a  great  difference  in  the  labor  markets  of 
even  some  of  the  adjoining  states  in  this  country,  and  in  one 

^instance  in  which  the  writer  was  aiming  at  a  high  standard  in 
rorgani^ng  a  works,  he  found  it  necessary  to  import  almost  all  of 
his  men  from  a  neighboring  state  before  meeting  with  success. 

386.  Whether  the  bonus  is  given  only  when  the  work  is  done  in 
the  quickest  time  or  at  some  point  between  this  and  the  average 
time,  in  all  cases  the  instruction  card  should  state  the  best  time  in 
which  the  work  can  be  done  by  a  first-class  man.  There  will  then 
be  no  suspicion  on  the  part  of  the  men  when  a  longer  "  bonus 
time  '^  is  allowed,  that  the  time  student  does  not  really  know  the 

[possibilities  of  the  case^     For  example,  the  instruction  card  might 
rread : 

Proper  time 65  minntes. 

Bonus  given  first  time  job  is  done.  *  -108  minutes* 

387.  It  is  of  the  greatest  importance  that  the  man  who  has 
[charge  of  assigning  tasks  should  be  perfectly  straightforward  in  all 
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of  his  dealings  with  the  men.  Neither  in  this  nor  in  any  other 
branch  of  the  management  should  a  man  make  any  pretence  of 
having  more  knowledge  than  he  really  possesses.  He  should 
impress  the  workmen  with  the  fact  that  he  is  dead  in  earnest,  and 
that  he  fully  intends  to  know  all  about  it  some  day;  but  he  dhould 
make  no  claim  to  omniscience,  and  should  always  be  ready  to 
acknowledge  and  correct  an  error  if  he  makes  one.  This  combi- 
nation of  determination  and  frankness  establishes  a  sound  and 
healthy  relation  between  the  management  and  men. 

388.  There  is  no  class  of  work  which  cannot  be  profitably  sub- 
mitted to  time  study,  by  dividing  it  into  its  time  elements,  except 
such  operations  as  take  place  in  the  head  of  the  worker ;  and  the 
writer  has  even  seen  a  time  study  made  of  the  speed  of  an  average 
and  first-class  boy  in  solving  problems  in  mathematics.  Clerk  work 
can  well  be  submitted  to  time  study,  and  a  daily  task  assigned  in 
work  of  this  class  which  at  first  appears  to  be  very  miscellaneous 
in  its  character. 

389.  One  of  the  needs  of  modern  management  is  that  of  litera- 
ture on  the  subject  of  time  study.  The  writer  quotes  as  follows 
from  his  paper  on  "  A  Piece  Kate  System,"  written  in  1895 : 

390.  "  Practically  the  greatest  need  felt  in  an  establishment 
wishing  to  start  a  rate-fixing  department  is  the  lack  of  data  as  to 
the  proper  rate  of  speed  at  which  work  should  be  done.  There  are 
hundreds  of  operations  which  are  common  to  most  large  establish- 
ments, yet  each  concern  studios  the  speed  problem  for  itself,  and 
days  of  labor  are  wasted  in  what  should  be  settled  once  for  all,  and 
recorded  in  a  form  which  is  available  to  all  manufacturers. 

391.  "  What  is  needed  is  a  hand-book  on  the  speed  with  which 
work  can  bo  dono,  similar  to  the  elementary  engineering  hand- 
books. And  the  writer  ventures  to  predict  that  such  a  book  will 
before  long  be  fortlicoining.  Such  a  book  should  describe  the  best 
method  of  making,  recording,  tabulating,  and  indexing  time- 
observations,  since  much  time  and  effort  are  wasted  by  the  adop- 
tion of  inferior  methods." 

392.  Unfortunatoly  this  prediction  has  not  yet  been  realized. 
Tho  writer's  chi(?f  object  in  inducing  Mr.  Thompson  to  undertake 
a  s(.*iontific  time  stndy  of  the  various  building  trades  and  to  join 
him  in  a  ])ul)lioation  of  this  work  was  to  demonstrate  on  a  large 
scale  not  only  the  desirability  of  accurate  time  study,  but  the 
efficiency  and  superiority  of  the  method  of  studying  elementary 
units  as  outlined  above.     He  trusts  that  his  object  may  be  realized 
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and  tbat  the  publication  of  tbis  book  may  be  followed  by  similar 
works  on  other  trades  and  more  particularlj  on  the  details  of 
maehine-sbop  practice,  in  which  he  is  especially  interested.  ' 

393,  As  a  machine  shop  has  been  chosen  to  illustrate  the  appli- 
cation of  &ueh  details  of  modern  management  as  time  study,  the 
planning  department^  functional  foremanship,  instruction  cards, 
etc,,  the  description  would  be  far  from  complete  without  at  least 
a  brief  reference  to  the  methods  employed  in  solving  the  time 
problem,  for  machine  tools* 

394,  The  study  of  this  subject  involves  the  solution  of  four  im- 
portant problems: 

31)5.  First,  The  power  required  to  cut  different  kinds  of  metals 
with  tools  of  various  shapes  when  using  different  deptbs  of  cut 
and  coarseness  of  feed,  and  also  the  power  required  to  feed  the 
tool  under  varying  conditions. 

3136,  Second,  An  investigation  of  the  laws  governing  the  cnt- 
ting  of  metals  with  tools,  chiefly  with  the  object  of  determining  the 
effect  upon  the  best  cutting  speed  of  each  of  the  following  vari- 
ables : 

(a)  The  qnality  of  tool  steel  and  treatment  of  tools  (ue»j  in 
heating,  forging  and  tempering  them), 

(b)  The  shape  of  tool  (i.e,j  the  curve  or  line  of  the  cutting 
edgCj  the  lip  angle  and  clearance  angle), 

(c)  The  duration  of  cut  or  the  length  of  time  the  tool  is  re- 
quired to  last  before  being  re-ground, 

(d)  The  quality  or  hardness  of  the  metal  being  cut  (as  to  its 
effect  on  cutting  speed), 

(e)  The  depth  of  the  cnt* 

(f)  Tlie  thickness  of  the  feed  or  shaving, 

(g)  The  effect  on  cutting  speed  of  using  water  or  other  cool- 
ing medium  on  the  tooL 

397.  Third.  The  best  methods  of  analyzing  the  driving  and 
feeding  power  of  machine  tools  and,  after  considering  their  limita- 
tions as  to  speeds  and  feeds,  of  deciding  upon  the  proper  counter- 
shaft or  other  general  driving  speeds. 

308.  Fourth*  After  the  study  of  the  firsts  second  and  third 
problems  had  resulted  in  the  discovery  of  certain  clearly  defined 
laws,  which  were  expressed  by  mathematical  formulaB,  the  last  and 
most  difficult  task  of  all  lay  in  finding  a  means  for  solving  the 
entire  problem  which  should  be  so  practical  and  simple  as  to 
enable  an  ordinary  mechanic  to  answer  quickly  and  accurately 
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for  each  machine  in  the  shop  the  question,  "  What  driving  speed, 
feed  and  depth  of  cut  will  in  each  particular  case  do  the  work  in 
the  quickest  time  ?  " 

399.*  In  1881,  in  the  machine  shop  of  the  Midvale  Steel  Com- 
pany, the  writer  began  a  systematic  study  of  the  laws  involved  in 
the  first  and  second  problems  above  referred  to  by  devoting  the  en- 
tire time  of  a  large  vertical  boring  mill  to  this  work  vdth  special 
arrangements  for  varying  the  drive  so  as  to  obtain  any  desired 
speed.  The  needed  uniformity  of  the  metal  was  obtained  by 
using  large  locomotive  tires  of  known  chemical  composition, 
physical  properties  and  hardness,  weighing  from  1,500  to  2,000 
pounds. 

400.  For  the  greater  part  of  the  past  22  years  these  experiments 
have  been  carried  on,  first  at  Midvale  and  later  in  several  other 
shops,  under  the  general  direction  of  the  writer,  by  his  friends 
and  assistants,  six  machines  having  been  at  various  times  espe- 
cially fitted  up  for  this  purpose. 

401.  The  exact  determination  of  these  laws  and  their  reduction 
to  formulae  have  proved  a  slow  but  most  interesting  problem;  but 
by  far  the  more  difficult  undertaking  has  been  the  development  of 
the  methods  and  finally  the  appliances  (slide  rules)  for  making 
practical  use  of  these  laws  after  they  were  discovered. 

402.  In  1884  the  writer  succeeded  in  making  a  slow  solution  of 
this  problem  with  the  help  of  his  friend,  Mr.  Geo.  M.  Sinclair,  by 
indicating  the  values  of  tliese  variables  through  curves  and  laying 
down  one  set  of  curves  over  another.  Later  my  friend,  Mr.  H. 
L.  Gantt,  after  devoting  about  1^  years  exclusively  to  this  work, 
obtained  a  much  more  rapid  and  simple  solution.  It  was  not, 
however,  imtil  1900,  in  the  works  of  the  Bethlehem  Steel  Com- 
pany, that  Jilr.  Carl  G.  Barth,  witli  the  assistance  of  Mr.  Gantt, 
and  a  small  amount  of  lielp  from  the  writer,  succeeded  in  develop- 
ing a  slide  rule  by  means  of  which  the  entire  problem  can  be 
accurately  and  quickly  solved  bv  any  mechanic.  And  Messrs. 
Gantt  and  Barth  are  now  engaged  in  the  thoroughly  practical 
work  of  introducing  these  slide  rules  and  the  methods  accompany- 
ing them  into  various  machine  shops. 

403.  The  difficulty  from  a  mathematical  standpoint  of  obtaining 
a  rapid  and  accurate  solution  of  this  problem  will  be  appreciated 
when  it  is  remembered  that  nine  independent  variables  enter 
into  each  problem,  and  that  a  change  in  any  of  these  will  affect 
the   answer. 
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404.  The  writer  hopes  in  the  future  to  read  a  paper  before  this 
Society  describing  these  laws  and  the  method  of  their  applica- 
tion; and  he  trusts  that  Mr.  Barth  may  be  induced  to  describe 
his  application  of  the  slide  rule  to  this  problem, 

405,  The  instruction  card  can  be  put  to  Avide  and  varied  use.  It 
is  to  the  art  of  management  what  the  drawing  h  to  engiueeriiigj 
and  J  like  the  latter,  should  vary  in  size  and  form  according  to 
the  amount  and  variety  of  the  inforraation  which  it  is  to  convey. 
In  some  cases  it  should  consist  of  a  pencil  memorandnm  on  a 
small  piege  of  paper  which  will  be  gent  directly  to  the  man  re* 
quiring  the  instructions,  wliile  in  others  it  will  be  in  the  form  of 
several  pages  of  typewritten  matter^  properly  varnished  and 
mounted  J  and  issued  under  the  check  or  other  record  system,  so 
that  it  can  be  used  time  after  time.  A  description  of  an  instruc- 
tion card  of  this  kind  may  he  useful, 

406,  After  the  writer  had  become  convinced  of  the  economy  of 
standard  methods  and  applianeeSj  and  the  desirability  of  relie\ang 
the  men  as  far  as  possible  from  the  necessity  of  doing  the  plan- 
ning, while  master  mechanic  at  Midvale,  he  tried  to  get  his  assist^ 
ant  to  write  a  complete  instruction  card  for  overhauling  and 
cleaning  the  boilers  at  regular  periods,  to  be  sore  that  the  inspec- 
tion was  complete^  and  that  while  the  work  was  thoroughly  done^ 
the  boilers  should  be  out  of  use  as  short  a  time  as  possible^  and 
also  to  have  the  various  elements  of  tlii^  work  done  on  piece  work 
instead  of  by  the  day.  His  assistant,  not  having  undertaken 
work  of  this  kind  before,  failed  at  it,  and  the  writer  was  forced  to 
do  it  himself.  He  did  all  of  the  work  of  chipping^  cleaning  and 
overhauling  a  set  of  boilers  and  at  the  same  time  made  a  careful 
time  study  of  each  of  the  elements  of  the  work.  This  time  study 
showed  that  a  great  part  of  the  time  was  lost  owing  to  the  con- 
strained position  of  the  workman*  Thick  pads  were  made  to 
fasten  to  the  elbows,  knees  and  hips;  special  tools  and  appliances 
were  made  for  the  various  details  of  the  work;  a  complete  list  of 
the  tools  and  implements  was  entered  on  the  instruction  card,  each 
tool  being  stamped  with  its  own  number  for  identifieationj  and  all 

I  were  issued  from  the  tool  room  in  a  tool  box  so  as  to  keep  them 
together  and  save  time*  A  separate  piece-work  price  was  fixed 
ffor  each  of  the  elements  of  the  job  and  a  thorough  inspection  of 
part  of  the  work  secured  aa  it  was  completed. 

407.  The  instruction  card  for  this  work  filled  several  typewrit* 
( ten  pages,  and  described  in  detail  the  order  in  which  the  operations 
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should  be  done  and  the  exact  details  of  each  man's  work  with  the 
number  of  each  tool  required,  piece  work  prices,  etc. 

408.  The  whole  scheme  was  much  laughed  at  when  it  first  went 
into  use,  but  the  trouble  taken  was  fully  justified,  for  the  work  was 
better  done  than  ever  before,  and  it  cost  only  eleven  dollars  to 
completely  overhaul  a  set  of  300  H.P.  boilers  by  this  method, 
while  the  average  cost  of  doing  the  same  work  on  day  work  with- 
out an  instruction  card  was  sixty-two  dollars. 

409.  Regarding  the  personal  relations  which  should  be  main- 
tained between  employers  and  their  men,  the  writer  quotes  as  fol- 
lows from  his  paper  written  in  1895.  Eight  years  of  additional 
experience  have  only  served  to  confirm  and  strengthen  these 
views;  and  although  the  greater  part  of  this  time,  in  his  work  of 
shop  organization,  has  been  devoted  to  the  difficult  and  delicate 
task  of  inducing  workmen  to  change  their  ways  of  doing  things  he 
has  never  been  opposed  by  a  strike. 

410.  "  There  has  never  been  a  strike  by  men  working  under 
this  system,  although  it  has  been  applied  at  the  Midvale  Steel 
Works  for  the  past  ten  years;  and  the  steel  business  has  proved 
during  this  period  the  most  fruitful  field  for  labor  organizations 
and  strikes.  And  this  notwithstanding  the  fact  that  the  Midvale 
Company  has  never  prevented  its  men  from  joining  any  labor 
organization.  All  of  the  best  men  in  the  company  saw  clearly 
that  the  success  of  a  labor  organization  meant  the  lowering  of 
their  wages  in  order  that  the  inferior  men  might  earn  more,  and, 
of  course,  could  not  be  persuaded  to  join. 

411.  "  I  attribute  a  great  part  of  this  success  in  avoiding  strikes 
to  the  high  wages  which  the  best  men  were  able  to  earn  with  the 
diflferential  rates,  and  to  the  pleasant  feeling  fostered  by  this 
system  ;  but  this  is  by  no  means  the  whole  cause.  It  has  for  years 
been  the  policy  of  that  company  to  stimulate  the  personal  ambition 
of  every  man  in  their  employ  by  promoting  them  either  in  wages 

'  or  position  whencn^er  they  deserved  it,  and  the  opportunity  came. 

412.  "A  careful  record  has  been  kept  of  each  man's  good  points 
as  well  as  his  shortcomings,  and  one  of  the  principal  duties  of  each 
foreman  was  to  make  this  careful  study  of  his  men  so  that  sub- 
stantial justice  could  be  done  to  each.  When  men,  throughout 
an  establishment  are  paid  varying  rates  of  day-work  wages  accord- 
ing to  their  individual  worth,  some  being  above  and  some  below 
tlui  average,  it  cannot  be  for  the  intrest  of  those  receiving  high 
pay  to  join  a  union  with  the  cheap  men. 
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41 3*  '*  No  system  of  management,  however  goodj  should  be  ap- 
plied in  a  wooden  way.  The  proper  personal  relations  should  al- 
ways be  maintained  between  the  employers  and  men;  and  even  the 
prejudices  of  the  workmen  should  be  considered  in  dealing  with 
them. 

414.  '*  The  employer  who  goes  through  his  works  with  kid 
gloves  on,  and  ia  never  known  to  dirty  his  hands  or  clothes^  and 
who  either  talks  to  his  men  in  a  condescending  or  patroniziiig  way, 
or  else  not  at  all^  has  no  chance  whatever  of  ascertaining  their  real 
thoughts  or  feelings. 

415,  '^  Above  all^  is  it  desirable  that  men  should  be  talked  to  on 
their  o%Pii  level  by  those  who  are  over  them.  Each  man  should  be 
encouraged  to  discuss  any  trouble  which  he  may  have,  either  in 
the  works  or  outside,  with  those  over  him.  Men  would  far  rather 
even  be  blamed  by  their  bosses,  especially  if  the  '^  tearing  out '' 
has  a  touch  of  human  nature  and  feeling  in  it^  than  to  be  passed 
by  day  after  day  without  a  word,  and  ivith  no  more  notice  than 
if  they  were  part  of  the  machinery. 

416.  **  The  opportunity  which  each  man  should  have  of  airing 
his  mind  freely^  and  having  it  out  \dth  his  employers,  is  a  safety- 
valve;  and  if  the  superintendents  are  reasonable  men,  and  listen 
to  and  treat  with  respect  what  their  men  liave  to  say,  there  is  ab- 
solutely no  reason  for  labor  unions  and  strikes* 

417,  "  It  is  not  the  largi?  charities  (however  generous  they  may 
be)  that  are  needed  or  appreciated  by  workmen  so  much  as  small 
acts  of  personal  kindness  and  s^^mpathy,  which  establish  a  bond  of 
friendly  feeling  betAveen  them  and  their  employers. 

4 IS.  *'  Tlie  moral  effect  of  thiii  system  on  the  men  is  marked. 
The  feeling  that  substantial  justice  is  being  done  them  renders 
them  on  the  whole  much  more  nmnly,  straightforward  and  truth- 
ful.  They  work  more  cheerfully,  and  are  more  obliging  to  one 
another  and  their  employers.  They  are  not  soured,  as  under  the 
old  system,  by  brooding  over  the  injustice  done  them;  and  their 
spare  minutes  arc  not  spent  to  the  same  extent  in  criticising  their 
employers.'- 

419.  The  writer  has  a  profound  respect  for  the  working  men  of 
this  country.  He  is  proud  to  say  tliat  lie  has  as  many  firm  friends 
among  them  as  among  his  other  friends  who  were  born  in  a  differ- 
ent class,  and  he  believes  that  quite  as  many  men  of  fine  character 
and  ability  are  to  be  found  among  the  former  as  in  the  latter- 
Being  himself  a  college  educated  man,  and  having  tilled  the  vari- 
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0U8  positions  of  foreman,  master  mechanic,  chief  draftsman,  chief 
engineer,  general  superintendent,  general  manager,  auditor  and 
head  of  the  sales'  department,  on  the  one  hand,  and  on  the  other 
hand  having  been  for  several  years  a  workman,  as  apprentice, 
laborer,  machinist,  and  gang  boss,  his  sympathies  ^are  equally  di- 
vided between  the  two  classes. 

420.  He  is  firmly  convinced  that  the  best  interests  of  workmen 
and  their  employers  are  the  same;  so  that  in  his  criticism  of  labor 
unions  he  feels  that  he  is  advocating  the  interests  of  both  sides. 

421.  "  He  is  far  from  taking  the  view  held  by  many  manufac- 
turers that  labor  unions  are  an  almost  unmitigated  detriment  to 
those  who  join  them,  as  well  as  to  employers  and  the  general 
public. 

422.  "The  labor  unions — particularly  the  trades  unions  of  Eng- 
land— have  rendered  a  great  service,  not  only  to  their  members, 
but  to  the  world,  in  shortening  the  hours  of  labor  atid  in  modifying 
the  hardships  and  improving  the  conditions  of  wage-workers. 

423.  "  In  the  writer's  judgment  the  system  of  treating  with 
labor  unions  would  seem  to  occupy  a  middle  position  among  the 
various  methods  of  adjusting  the  relations  between  employers  and 
men. 

424.  "  When  employers  herd  their  men  together  in  classes,  pay 
all  of  each  class  the  same  wages,  and  offer  none  of  them  any  in- 
ducements to  work  harder  or  do  better  than  the  average,  the  only 
remedy  for  the  men  lies  in  combination ;  and  frequently  the  only 
possible  answer  to  encroachments  on  the  part  of  their  employers 
is  a  strike. 

425.  "  This  state  of  affairs  is  far  from  satisfactory  to  either  em- 
ployers or  men,  and  the  writer  believes  the  system  of  regulating 
the  wages  and  conditions  of  employment  of  whole  classes  of  men 
by  conference  and  agreement  between  the  leaders  of  unions  and 
manufacturers  to  be  vastly  inferior,  both  in  its  moral  effect  on  the 
men  and  on  the  material  interests  of  both  parties,  to  the  plan  of 
stimulating  each  workman's  ambition  by  paying  him  according  to 
his  individual  worth,  and  without  limiting  him  to  the  rate  of  work 
or  pay  of  the  average  of  his  class." 

426.  The  amount  of  work  which  a  man  should  do  in  a  day,  what 
constitutes  proper  })ay  for  this  work,  and  the  maximum  number  of 
hours  per  day  which  a  man  should  work  together  form  the  most 
important  elements  which  are  discussed  between  workmen  and 
their  employers.     Thv.  writer  has  attempted  to  show  that  these 
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mattGrs  can  h^  mxtch  better  deterniined  by  the  expert  time  student 
than  by  either  the  union  or  a  board  of  directors,  and  he  finnly 
believes  tliat  in  the  future  scientific  time-study  will  establish 
standards  which  will  be  accepted  as  fair  by  beth  sides. 

427.  There  is  no  reason  why  labor  unions  should  not  be  so  con- 
sitituted  as  to  be  a  great  help  both  to  employers  and  men*  ITn* 
fortunately,  as  they  now  exist  they  are  in  many,  if  not  moBt,  cases 
a  hindrance  to  the  prosperity  of  both. 

428.  The  chief  reasons  for  this  would  seem  to  be  a  failure  on 
the  part  of  the  workmen  to  understand  the  broad  principles  which 
affect  their  best  interests  as  well  as  those  of  their  employers,  (It 
may  be  said^  however,  that  employers  as  a  whole  are  not  much 
better  informed  nor  more  interested  in  tliis  matter  than  their 
workmen.) 

429*  One  of  the  unfortunate  features  of  labor  unions  as  they 
now  exist  is  that  the  members  look  upon  the  dues  which  they  pay 
to  the  union^  and  the  time  that  they  devote  to  it,  as  an  investment 
which  should  bring  them  an  annual  return,  and  they  feel  that 
unless  they  succeed  in  getting  either  an  increase  in  wages  or 
shorter  hours  every  year  or  so,  the  money  which  they  pay  into 
the  union  is  wasted.  The  leaders  of  the  unions  realize  this  and, 
particularly  if  they  are  paid  for  ttieir  services,  are  apt  to  spend 
considerable  of  their  time  scaring  up  grievances  whether  they 
exist  or  not.  This  naturally  fosters  antagonism  instead  of  friend- 
ship between  the  two  sides, 

430.  There  are,  of  course,  marked  exceptions  to  this  rule :  that 
of  the  Brotherhood  of  Lcx^omotive  Engineers  being  perhaps  the 
most  prominent. 

431.  The  most  serious  of  the  delusions  and  fallacies  under  which 
workmen,  and  iiarticularly  those  in  many  of  the  unions,  are  suffer- 
ing h  that  it  is  for  their  interest  to  limit  the  amount  of  work  which 
a  man  should  do  in  a  day. 

432.  There  is  no  question  that  the  greater  the  daily  output  of 
the  average  individual  in  a  trade  the  greater  will  be  the  average 

f 'wages  earned  in  the  trade,  and  that  in  the  long  run  turning  out  a 
large  amount  of  work  each  day  will  give  them  higher  wagesj 
steadier  and  more  work,  instead  of  throwing  them  out  of  work. 
The  worst  thing  that  a  labor  union  can  do  for  its  members  in  the 
long  run  is  to  limit  the  amoimt  of  work  which  they  allow  each 
workman  to  do  in  a  day.  If  their  employers  are  in  a  competitive 
business^  sooner  or  later  those  competitors  whose  workmen  do  not 
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limit  the  output  will  take  the  trade  away  from  them,  and  they 
T^dll  be  thrown  out  of  work.  And  in  the  meantime  the  small  day's 
work  which  they  have  accustomed  themselves  to  do  demoralizes 
them,  and  instead  of  developing  as  men  do  when  they  use  their 
strength  and  faculties  to  the  utmost,  and  as  men  should  do  from 
year  to  year,  they  grow  lazy,  spend  much  of  their  time  pitying 
themselves,  and  are  less  able  to  compete  with  other  men.  For- 
bidding their  members  to  do  more  than  a  given  amount  of  work 
in  a  day  has  been  the  'greatest  mistake  made  by  the  English  trades 
unions.  The  whole  of  that  country  is  suffering  more  or  less  from 
this  error  now.  Their  workmen  are  for  this  reason  receiving 
lower  wages  than  they  might  get,  and  in  many  cases  the  men, 
under  the  influence  of  this,  idea,  have  grown  so  slow  that  they 
would  find  it  difficult  to  do  a  good  day's  work  even  if  public 
opinion  encouraged  them  in  it. 

433.  In  forcing  their  members  to  work  slowly  they  use  certain 
cant  phrases  which  sound  most  plausible  until  their  real  meaning 
is  analyzed.  They  continually  use  the  .expression,  "Workmen 
should  not  be  asked  to  do  more  than  a  fair  day's  work,"  which 
sounds  right  and  just  until  we  come  to  see  how  it  is  applied.  The 
absurdity  of  its  usual  application  would  be  apparent  if  we  were 
to  apply  it  to  animals.  Suppose  a  contractor  had  in  his  stable  a 
miscellaneous  collection  of  draft  animals,  including  small  donkeys, 
ponies,  light  horses,  carriage  horses  and  fine  dray  horses,  and  a 
law  were  to  be  made  that  no  animal  in  the  stable  should  be  allowed 
to  do  more  than  "  a  fair  day's  work  "  for  a  donkey.  The  injustice 
of  such  a  law  would  be  apparent  to  every  one.  The  trades  unions, 
almost  without  an  exception,  admit  all  of  those  in  the  trade  to 
membership — providing  they  pay  their  dues.  And  the  difference 
between  the  first-class  men  and  the  poor  ones  is  quite  as  great  as 
that  between  fine  dray  horses  and  donkeys  (in  the  case  of  horses 
this  difference  is  well  known  to  every  one;  with  men,  however,  it 
is  not  at  all  generally  recognized).  When  a  labor  union,  under 
the  cloak  of  tlie  expression  "  a  fair  day's  work,"  refuses  to  allow 
a  first-class  man  to  do  any  more  work  than  a  slow  or  inferior  work- 
man can  do,  it^s  action  is  quite  as  absurd  as  limiting  the  work  of  a 
fine  dray  horse  to  tliat  of  a  donkey  would  be. 

434.  Promotion,  high  wages,  and,  in  some  cases,  shorter  hours 
of  work  are  the  legitimate  ambitions  of  a  workman,  but  any 
scheme  which  curtails  the  output  should  be  recognized  as  a  device 
for  lowering  wages  in  the  long  run. 
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435*  Any  limit  to  the  ^ndximum  wages  %v\wh  men  are  allowed 
to  earn  in  a  trade  is  equally  injurious  to  their  best  interests. 

436.  The  "  minimum  wage  "  h  the  least  harmful  of  the  rules 
which  are  generally  adopted  by  trades  unions,  though  it  frequently 
works  an  injustiee  to  the  better  workmen.  For  example,  the 
writer  has  been  used  to  having  his  machinists  earn  all  the  way 
from  $1.50  to  seven  and  eight  dollars  per  day,  according  to  the 
individual  worth  of  the  men.  Supposing  a  rule  were  made  that 
no  machinist  should  be  paid  less  than  $2*50  per  day.  It  is  evi- 
dent that  if  an  employer  were  forced  to  pay  $2.50  per  day  to  men 
who  were  only  worth  .$1.50  or  $1,75,  in  order  to  compete  he  would 
be  obliged  to  lower  the  wages  of  those  who  in  the  past  were  getting 
more  than  $2.50,  thus  pulling  down  the  better  workers  in  order 
to  raise  up  the  poorer  men.  Men  are  not  bom  equal,  and  any 
attempt  to  make  them  so  is  contrary  to  nature's  taws  and  will  fail. 

437.  Some  of  the  labor  unions  have  succeeded  in  persuading  the 
people  in  parts  of  this  country  that  there  is  something  sacred  in 
the  cause  of  union  labor  and  that,  in  the  interest  of  this  cause,  the 
union  should  receive  moral  support  whether  it  is  right  in  any 
particular  case  or  not. 

438.  Union  labor  is  sacred  just  so  long  as  its  acts  are  fair  and 
good,  and  it  is  damnable  just  as  soon  as  its  acts  are  bad.  Its  rights 
are  precisely  those  of  non-union  labor,  neither  greater  nor  less. 
The  boycott,  the  use  of  force  or  intiniidation,  and  the  oppression  of 
non*uniou  workmen  by  labor  unions  are  danmable;  these  acts  of 
tyranny  are  thoroughly  un-American  and  will  not  be  tolerated  by 
the  American  people. 

439.  Some  method  of  disciplining  the  men  is  unfortunately  a 
necessary  element  of  all  systems  of  management*  It  is  important 
that  a  consistent,  carefully  considered  plan  should  be  adopted  for 
this  as  for  all  other  details  of  the  art^  No  system  of  discipline  is 
at  all  complete  which  is  not  sufficiently  broad  to  cover  the  great 
variety  in  the  character  and  disposition  of  the  various  men  to  be 
found  in  a  shop. 

440t  There  is  a  large  class  of  men  who  require  really  no  disci- 
pline in  the  ordinary  acceptance  of  the  tenn ;  men  who  are  so  sen- 
sitive, conscientious  and  dt^sirous  of  doing  just  M^hat  is  right  that  a 
suggestion  I  a  few  words  of  explanation^  or  at  most  a  brottierlv  ad- 
monition is  all  that  they  require*  In  all  cases,  therefore,  one 
should  begin  with  every  new  man  by  talking  to  him  in  the  most 
friendly  way,  and  tliis  should  be  repeated  several  tunes  over  until 
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it  is  evident  that  mild  treatment  does  not  produce  the  deaired 
effect. 

441.  Certain  men  are  both  thick-skinned  and  coarse-grained, 
and  these  individuals  are  apt  to  mistake  a  mild  manner  and  a 
kindly  way  0:^  saying  things  for  timidity  or  weakness.  With 
such  men  the  severity  both  of  words  and  manner  should  be 
gradually  increased  until  either  tlie  desired  result  has  been 
attained  or  the  possibilities  of  the  English  language  have  been 
exhausted. 

442.  Up  to  this  point  all  systems  of  discipline  should  be  alike. 
There  will  be  found  in  all  shops,  however,  a  certain  number  of 
men  with  whom  talk,  either  mild  or  severe,  will  have  little  or  no 
effect,  unless  it  produces  the  conviction  that  something  more  tan- 
gible and  disagreeable  will  come  next.  The  question  is  what  this 
something  shall  be  ? 

443.  Discharging  the  men  is,  of  course,  effective  as  far  as  that 
individual  is  concerned,  and  this  is  in  all  cases  the  last  step;  but  it 
is  desirable  to  have  several  remedies  between  talking  and  dis- 
charging, more  severe  than  the  one  and  less  drastic  than  the 
other. 

444.  Uusually  one  or  more  of  the  following  expedients  are 
adopted  for  this  purpose: 

First.     Lowering  the  man's  wages. 

Second.     Laying  him  oft  for  a  longer  or  shorter  period  of  time. 

Third.     Fining  him. 

Fourth.  Giving  him  a  series  of  "  bad  marks,"  and  when  these 
sum  up  to  more  than  a  given  number  per  week  or  month,  applying 
one  of  the  other  of  the  first  three  remedies. 

445.  The  general  objections  to  tlie  first  and  second  expedients  is 
that  for  a  large  number  of  offenses  they  are  too  severe,  so  that  the 
disciplinarian  hesitates  to  apply  them.  The  men  find  this  out, 
and  some  of  them  will  take  advantage  of  this  and  keep  much  of 
the  time  close  to  tlie  limit.  In  laying  a  man  off,  also,  the  em- 
ployer is  apt  to  suffer  as  much  in  many  cases  as  the  man,  through 
having  machinery  lying  idle  or  work  delayed.  The  fourth  remedy 
is  also  objectionable  because  some  men  will  deliberately  take  close 
to  tlioir  maximum  of  "  bad  marks." 

446.  In  the  writers  ex])erionco,  the  fining  system,  if  justly  and 
properly  applied,  is  more  effective  and  much  to  be  preferred  to 
either  of  tlie  others.  lie  has  ap])lied  this  system  of  discipline  in 
various  works  with  uniform  success  for  the  past  twenty  years,  and 
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SO  far  as  he  knows,  none  of  those  who  have  tried  it  under  his  direc- 
tions have  abandoned  it. 

447.  The  success  of  the  fining  system  depends  upon  two  ele- 
ments: First,  the  impartiality,  good  judgment  and  justice  with 
which  it  is  applied. 

Second.  Every  cent  of  the  fines  imposed  should  in  some  form 
be  returned  to  the  workmen.  If  any  part  of  the  fines  is  retained 
by  the  company,  it  is  next  to  impossible  to  keep  the  workmen  from 
believing  that  at  least  a  part  of  the  motive  in  fining  them  is  to 
make  money  out  of  them ;  and  this  thouglit  woxks  so  much  harm 
as  to  more  than  overbalance  the  good  effects  of  the  system.  If, 
however,  all  of  the  fines  are  in  some  way  promptly  returned  to 
the  men,  they  recognize  it  as  purely  a  system  of  discipline,  and  it 
is  so  direct,  effective  and  uniformly  just  that  the  best  men  soon 
appreciate  its  value  and  approve  of  it  quite  as  much  as  the  com- 
pany. 

448.  In  many  cases  the  writer  has  first  formed  a  mutual  bene- 
ficial association  among  the  employees,  to  which  all  of  the  men  as 
well  as  the  company  contribute.  An  accident  insurance  association 
is  much  safer  and  less  liable  to  be  abused  than  a  general  sickness 
or  life  insurance  association ;  so  that,  when  practicable,  an  associa- 
tion of  this  sort  should  be  formed  and  managed  by  the  men.  AU 
of  the  fines  can  then  be  turned  over  each  week  to  this  association 
and  so  find  their  way  directly  back  to  the  men. 

449.  Like  all  other  elements,  the  fining  system  should  not  be 
plunged  into  head  first.  It  should  be  worked  up  to  gradually  and 
with  judgment,  choosing  at  first  only  the  most  flagrant  cases  for 
fining,  and  those  offenses  which  affect  the  welfare  of  some  of  the 
other  workmen.  It  will  not  be  properly  and  most  effectively  ap- 
j)lied  until  small  offenses  as  well  as  great  receive  their  appropriate 
fine.  The  writer  Jias  fined  men  from  one  cent  to  as  high  as  sixty 
dollars  per  fine.  1 1  is  most  important  that  the  fines  should  be  ap- 
plied absolutely  inij)artially  to  all  employees,  high  and  low.  The 
writer  has  invariably  fined  himself  just  as  he  would  the  men  under 
him  for  all  offc^nses  committed. 

450.  The  fine  i?^  best  applied  in  the  fonn  of  a  request  to  con- 
tribute a  certain  amount  to  the  mutual  beneficial  association,  with 
the  understanding  that  unlcFs  this  request  is  complied  with  the 
man  will  be  diseh arched. 

451.  In  certain  eases  th(»  fininc:  system  may  not  produce  the  de- 
sired result;  so  that  coupled  with  it  as  an  additional  means  of  dis- 
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cipliiiing  the  men,  should  be  the  first  and  second  expedients  of 
"  lowering  wages,"  and  "  laying  the  men  off  for  a  longer  or  shorter 
time." 

452.  The  writer  does  not  at  all  depreciate  the  value  of  the 
many  semi-philanthropic  and  paternal  aids  and  improvements, 
such  as  comfortable  lavatories,  eating  rooms,  lecture  halls,  and  free 
lectures,  night  schools, kindergartens,  baseball  and  athletic  grounds, 
village  improvement  societies,  and  mutual  beneficial  associations, 
unless  done  for  advertising  puq)oses.  These  all  tend  to  improve 
and  elevate  the  .workmen  and  make  life  better  worth  living. 
Viewed  from  the  managers'  standpoint  they  are  valuable  aids  in 
making  more  intelligent  and  better  workmen,  and  in  promoting 
a  kindly  feeling  among  the  men  for  their  employers.  They  are, 
however^  of  distinctly  secondary  importance,  and  should  never  bo 
allowed  to  engross  the  attention  of  the  superintendent  to  the  detri- 
ment of  the  more  important  and  fundamental  elements  of  manage- 
ment. They  should  come  in  all  establisliments,  but  they  should 
come  only  after  the  great  problem  of  work  and  wages  has  been 
permanently  settled  to  the  satisfaction  of  both  parties.  The  solu- 
tion of  this  problem  will  take  more  than  the  entire  time  of  the 
management  in  the  average  case  for  several  years. 

453.  Mr.  Patterson,  of  the  National  Cash  Register  Company, 
of  Dayton,  Ohio,  has  presented  to  the  world  a  grand  object  lesson 
of  the  combination  rf  iiiaify  i)hilantliropic  schemes  with,  in  many 
respects,  a  practical  and  efficient  management.  He  stands  out  a 
pioneer  in  this  work,  and  an  example  of  a  kind-hearted  and  truly 
successful  man.  Yet  I  feel  that  the  recent  strike  in  his  works 
demonstrates  all  the  more  forcibly  my  contention  that  the  estab- 
lishment of  the  semi-])hilanthropic  schemes  should  follow  instead 
of  preceding  the  solution  of  the  wages  question ;  unless,  as  is  very 
rarely  the  case,  there  are  brains,  energy  and  money  enough  avail- 
able in  a  company  to  establish  both  elements  at  the  same  time. 

454.  Unfortunately  there  is  no  scliool  of  management,  there  is 
not  even  a  single  establishment  wliere  a  large  part  of  the  details  of 
management  can  he  seen,  which  represent  the  best  of  their  kinds. 
The  finest  developments  are  for  the  most  part  isolated,  and  in 
many  cases  almost  buried  with  the  mass  of  rubbish  which  sur- 
rounds them. 

455.  Among  the  many  improvements  for  which  the  originators 
will  probably  never  receive  the  credit  which  they  deserve  may  be 
mentioned : 
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456.  The  remarkable  system  for  analyzing  all  of  the  work  upon 
new  machines  as  the  drawings  arrived  from  the  drafting-room 
and  of  directing  the  movement  and  grouping  of  the  various  parts 
as  they  progressed  through  the  shop,  which  was  developed  and 
used  for  several  years  by  Mr.  Wm.  H.  Thorne,  of  Wm.  Sellers 
&  Co.,  of  Philadelphia,  while  the  company  was  under  the  gen- 
eral management  of  Mr.  J.  Sellers  Bancroft.  Unfortunately 
the  full  benefit  of  this  method  was  never  realized  owing  to 
the  lack  of  the  other  functional  elements  which  should  have 
accompanied  it. 

457.  The  employment  bureau  which  forms  such  an  important 
element  of  the  Western  Electric  Company  in  Chicago. 

458.  The  complete  and  effective  system  for  managing  the  mes- 
senger boys  introduced  by  Mr.  Almon  Emrie  while  superintendent 
of  the  IngersoU  Sargent  Drill  Company,  of  Easton,  Pa. 

459.  The  Mnemonic  system  of  order  numbers  invented  by  Mr. 
Oberlin  Smith  and  amplified  by  Mr.  Henry  R.  Towne,  of  the 
Yale  &  Towne  Company,  of  Stamford,  Conn. 

460.  The  system  of  inspection  introduced  by  Mr.  Chas.  D.  Rog- 
ers in  the  works  of  the  American  Screw  Company,  at  Providence, 
R.  I. 

461.  The  card  system  of  shop  returns  invented  and  introduced 
as  a  complete  system  *  by  Captain  Henry  Metcalfe  in  the  govern- 
ment shops  of  the  Frankford  Arsenal.  The  writer  appreciates  the 
difficulty  of  this  undertaking  as  he  was  at  the  same  time  engaged 
in  the  slow  evolution  of  a  similar  system  in  the  Midvale  Steel 
Works,  which,  howcjver,  was  tlie  result  of  a  gradual  development 
instead  of  a  complete,  well  thought  out  invention  as  was  that  of 
Captain  Metcalfe. 

462.  Tlie  many  good  points  in  the  apprentice  system  developed 
by  Mr.  Vauclain,  of  the  Baldwin  Tx)Comotive  Works  of  Philadel- 
phia. 

463.  The  writer  is  indebted  to  most  of  these  gentlemen  and  to 
many  others,  but  most  of  all  to  the  Midvale  Steel  Company  for 
elements  of  the  system  which  he  has  described. 

464.  The  rapid  and  successful  application  of  the  general  prin- 
ciples involved  in  any  system  will  depend  largely  upon  the  adop- 
tion of  those  details  which  have  been  found  in  actual  service  to  be 
most  useful.     There  are  many  such  elements  which  the  writer 

*  Described  in  "  Cost  of  Manufactures"  published  by  Wiley  ft  Sons. 
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feels  should  be  described  in  minute  detail.  It  would,  however,  be 
improper  to  burden  the  records  of  this  Society  with  matters  of 
comparatively  such  small  importance.  He,  therefore,  hopes  at 
some  future  time  to  publish  a  supplement  discussing  these 
elements. 

DISCUSSION. 

The  Secreta/ry. — I  think  it  would  be  serviceable  if  Mr.  Taylor 
would  give  details  as  to  wliere  tlie  blanks  could  be  obtained  to 
which  he  refers  in  his  paragraphs  330  and  331  for  making  avail- 
able a  study  of  the  principles  which  he  has  laid  down. 

Mr,  Taylor. — Mr.  Sanford  E.  Thompson  at  Newton  High- 
lands, Mass.,  supi)lies  all  the  apparatus  connected  with  time-study 
which  I  have  used. 

Mr.  Henry  li.  Tovme. — Industrial  engineering  and  industrial 
management  are  steadily  drawing  closer  together,  and  rapidly- 
becoming  complementary  elements  in  the  professional  work  of  a 
large  part  of  the  membership  of  the  Society.  The  initiative  in 
the  introduction  of  the  subject  of  industrial  management  to  the 
Meetings  and  Transactions  of  the  Society  was  taken  in  1880,  since 
when  the  subject  has  been  under  discussion  with  increasing  fre- 
quency and,  I  l)elieve,  with  increasing  interest.  It  comes  legit- 
imately within  the  sc()])e  of  the  Society's  functions,  and  the 
tendency  to  give  it  increased  attention  is  to  be  welcomed. 

Mr.  Taylor's  j)resent  ])aper  is  the  most  valuable  contribution  to 
this  subject  which  has  yet  been  made,  and  includes  so  complete  a 
review  as  to  constitute  almost  a  history.  It  sets  forth  clearly  and 
fairly  th(^  pur])oses  sought,  the  methods  which  have  been  tried, 
and  the  results  thus  far  accomplished.  It  should  be  appreciated 
and  studied  by  everyone*  interested  in  the  subject  of  industrial 
nianagenient. 

The  time  needed  to  review  it  properly  is  not  available  to  me  at 
present,  but  I  hope  to  be  able  to  do  so  at  a  later  date.  Meantime 
I  desire  to  record  my  appreciation  of  the  j)raise  accorded  by  Mr. 
Taylor  to  the  ^'  Gain-Sharing  '■  system  described  in  a  paper  which 
I  contributed  to  the  Transactions  in  1889.  I  concur  in  his  view 
that  the  '^  Gain-Sharing ''  system  is  not  a  complete  solution  of 
the  problem,  but  1  believe  als()  that,  under  many  conditions,  it  is 
the  most  feasible  and  effective  })lan  available  at  present.  I  wish 
to  call  attention  to  one  feature  of  it  which  Mr.  Taylor  does  not 
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["mention J  viz.j  that  in  addition  to  offering  a  bonus  for  increased 
efficiency  of  labor,  it  offers  an  equal  reward  for  economy  in  the 
use  of  materials,  machinery  and  supplies.  In  many  kinds  of 
work  these  economies  are  only  second  in  importance  to  economy 
in  labor, 

I  endorse  strongly  the  high  value  placed  by  Mn  Taylor  on  the 
"  Contract  System  **  in  shop  work*  Probably  the  best  and  most 
comprehensive  plan  presently  avaihilde  as  a  basis  of  comjjensation 
for  labor  in  organised  mannfactering  h  the  *'  Contract  System/' 
plus  piece  work  as  a  basis  for  compensation  for  the  individual 
workman,  pluii  Mr*  Taylor's  time  unit  or  **  pacing  "  system  as  a 
basis  for  determining  piece  rates.     Such  a  system  is  necessarily 

l^omplex,  and  therefore  entails  expense  to  operate,  but  the  results 
gbtaiiiablc  undt^r  it  amply  justify  the  expense  involved. 
It  is  to  be  hoped  that  Mr.  Taylor's  pai>er  will  bring  out  others 

[relating  to  this  subjeet,  and  that  he  will  incorporate  in  another 
contribution  to  the  Transaetioiw  the  supplementary  information 
to  which  he  refers  in  the  closing  part  of  his  present  paper* 

3lr,  F.  F.  Du  BruL — In  the  discussion  of  the  questions  of  shop 
management^  raised  by  Mr<  F.  W,  TayloFj  let  us  not  **  reckon  with- 
out our  host,"  To-day  we  must  take  into  accoimt  a  very  important 
factor  J  and  one  which  did  not  enter  very  largely  into  shop  ques- 
tions until  recent  years:  the  factor  of  Unionism, 

Friim  a  cdose  study  of  the  development  of  Unionism  and  its 
manifestations,!  cannot  help  feeling  that  anyone  attempting  to  put 
in  such  systems  as  task  work,  bonus  w^ork,  piece  work,  i>remium 
work  or  conH*aet  work  will  meet  with  more  opposition  in  the  future 
on  the  part  of  the  Union  workmen  than  has  ever  been  met  with  in 
the  past.  The  Machinists'  UnioUj  for  instance,  is  socialistic;  its 
journal  is  socialistic;  its  policy  is  socialistic.  Moreover,  it  is 
stronger  now  than  it  ever  has  been  before  and  in  its  gi^owlng 
strength,  like  all  other  Unions,  it  is  naturally  more  coercive^  How 
many  manufacturers,  or  other  employers  of  labor,  really  know^  how 
coercive  the  Unions  are?  How  many  employers  know  that  the 
vast  majority  of  workmen  are  forced  into  the  Unions  against  their 
wishes,  this  being  particularly  true  of  good  men.  Being  in  the 
Union,  being  subject  to  its  laws  and  regulations  without  any  hope 
of  freeing  themselves  from  the  tyranny  of  the  Walking  Delegate 
and  tlie  Strike  Boss,  such  men  are  unable  to  do  what  they  w^ould 
like  to  do,  and  what  they  should  be  encouraged  to  do^  in  the  way 
of  bettering  their  wages  and  increasing  their  output 
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The  p^i'licy  of  the  Machinists'  Union  is  reatricdTe.  The  sccnl- 
istic  \Aiis  of  Unionism  takes  as  traih  the  statement  that  ~  labor 
pro-ioces  all  wealth."  and  instills  into  the  workman  the  i^iea  that 
he  will  not  get  hi*  fair  share  of  the  pr»>iuet  until  he  gets  if  all 
and  nararally  lea«is  to  more  and  more  systematic  ""  soUiering  "* 
in  each  development  of  the  strength  of  this  i«iea  among  the  radical 
element  of  the  Union.  Many  a  man  who  is  not  natnraDy  given  to 
••  soldiering  '*  is  forced  into  it  by  his  fellow-workmen.  I  know. 
for  instance,  that  the  president  of  the  Machinisrs*  Union  prides 
himself  on  the  fact  that  in  a  nnmber  of  cases  he  has  sticveeded^  in 
forcing  manufacturers  to  abolish  the  "  Two  Machine  **  system  of 
operation  and  patting  one  man  to  one  machine.  We  know  that  a 
favorite  demand  of  the  Machimsts'  Union  is  that  no  handy-man 
should  be  permitted  to  do  what  the  Union  c«>nsideis  a  machinist's 
job  and  that  is  any  work  at  all  on  lathe,  planer,  shaper,  milliTig 
machine,  boring  machine,  slotting  machine,  vise  or  door,  leaving 
the  handy-man  simply  to  lift  and  carry.  We  know  that  in  carry- 
ing out  their  ideas  of  restriction  the  Unions  limit  the  number  of 
apprentices  wherever  they  are  able  to  a  point  far  beyond  any 
natural  and  fair  degree,  making  a  scarcity  of  skilled  mechanics^ 
which  is  accentuated  with  the  growth  of  mechanical  industry, 
forming  a  '*  comer ''  in  the  labor  market  of  any  particular  trade, 
whereby  it  is  hoped  to  force  wages  to  the  utmost. 

How  many  of  the  menilK-rs  of  this  S^xMcry  know  that  at  the  last 
convention  of  the  Machinists'  Union,  held  only  a  short  time  ago, 
it  was  decided  that  no  work  should  be  allowed  in  machine  shops  on 
any  other  jilan  but  a  "  go  as  you  please  ''  day's  work  plan  i  All 
task  work,  premium  work  and  contract  work  was  to  be  abolished. 
Another  piece  of  legislation  of  that  convention  was  that  all  hon- 
orary retiring  cards,  which  were  given  to  members  of  the  Machin- 
irts'  irnion  when  put  in  charge  of  men,  are  to  be  called  in,  unless 
tlie  holder  of  the  card  earns  a  salary  of  $3,500  per  year  or  more. 
The  idea  of  this  is  simply  to  compel  foremen  to  be  subject  to  the  ^ 
T'liion  rather  than  to  their  employers,  and  to  give  the  Union  a 
stroriirf-r  grip  on  the  shop  management. 

It  i-r  p-anted  that  all  of  these  features  are  illegitimate  unionism, 

^      but  v.'lifther  they  are  legitimate  or  illegitimate,  they  are  a  part 

*^  of  the  Mar-liinists'  T7nion  policy  to-ilay  and  as  such  must  be  reck- 

onrd  with  by  the  >liop  manager.     He  must  not  only  reckon  with 

their  y>olir-y,  l)ut  he  must  reckon  with  the  growing  ability  and 

desire  to  put  that  policy  into  force  in  his  own  particular  ^stablish^ 
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ment.  Thf^refore  a  question  of  pressing  importance  is ;  "  What 
are  yon  going  to  do  about  it?  '* 

Individually  the  manufacturer  cannot  oppose  the  Unions  ex- 
cepting at  a  tremendous  cost^  and  even  if  he  wins  his  fight  alone 
he  establishes  no  prect^denta  and  he  has  peace  only  for  a  time. 
Ilia  workmen,  much  as  they  might  desire  to  continue  under  con- 
ditions of  high  wages  and  low  labor  cost,  are  coerced  or  ostracized 
into  *'  cutting  their  own  throats,"  The  individual  manufacturer^ 
no  matter  ho%v  large  the  establishmentj  is  not  much  of  a  protection 
to  the  workmen.  In  fact,  if  the  employer  ia  a  stock  company 
whose  stock  is  a  matter  of  public  barter  on  the  exchanges,  it  h 
exceedingly  difficult  for  such  a  company  to  resist  the  encroach- 
ments of  the  Union. 

Firsts  because  of  the  pressure  of  the  stockholders  who  are  look- 
ing out  for  dividends,  and  cannot  see  that  the  inaintemuiee  of  divi- 
dends sometimes  requires  a  strenuous  opposition  to  Union  methods, 
andj 

Seeondj  from  the  directors,  who  may  be  making  more  money 
on  the  stock  market  than  they  are  out  of  the  dividends  of  their 
holditjgg,  and  tlierefore  will  not  allow  any  policy  to  interfere  with 
the  price  of  the  stock  on  the  Exchange.  This  particularly  applies 
to  large  companies,  and  their  influence  of  course  reacts  tremen- 
dously on  the  smaller  concerns. 

Some  sort  of  protection  against  the  coercive  methods  of  the 
Union  is  absolutely  necessary,  both  for  the  employer  and  for  the 
willing  employee. 

As  every  disease  brings  its  own  remedy,  a  homteopatbic  treat- 
ment of  Unionism  has  been  found  to  be  necessary,  applying  the 
princi[>le  of  **  like  cures  like.*'  To  counterbalance  the  strength 
gained  by  organisation  of  the  Unions,  it  is  absolutely  essential  that 
the  employers  should  also  organize.    They  should  organize, 

First,  for  the  purpose  of  defense. 

Second,  for  inir]>oses  of  educating  themselves,  their  workmen 
and  their  forDinen,  and 

Third,  from  motives  of  patriotism*  In  the  matter  of  ilefense  it 
is  self-evident  tliat  witli  the  whole  iK>wer  of  organized  laljor  con- 
centrated on  one  in<lividuiil  hna  there  is  much  danger  to  that  firm 
in  individual  resistanc**;  coUeetire  resistance  to  injustice^  how- 
ever, has  never  yet  failed. 

For  puri>osea  of  education,  when  employers  are  organized,  dis- 
cussing on  a  neutral  and  fair  ground  among  tbem^lves  the  proV 
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lems  that  confront  them,bringing  to  bear  their  many  minds  on  the 
various  phases  of  the  problems,  they  can  arrive  at  a  better  solution 
than  can  any  one  individual.  From  the  motives  of  patriotism, 
unless  some  efficient  check  is  put  on  the  uneconomic  and  un-Amer- 
ican principles  of  the  Unions,  we  will  not  only  find  our  industrial 
prosperity  disappearing,  as  it  has  in  England,  but  we  will  find  our 
individual  liberty  and  the  liberties  of  our  workmen  undermined 
by  the  boycott  and  the  picket. 

The  great  engineers'  strike  in  England  demonstrated  that  only 
by  organization  of  employers  could  the  evils  of  Unionism  be  con- 
trolled. The  difficulty  of  the  English  manufacturers  lay  in  the 
fact  that  they  organized  too  late,  and  unless  American  manu- 
facturers, and  particularly  shop  managers,  awake  to  a  realization 
of  what  is  going  on,  put  themselves  in  the  way  of  securing  the 
necessary  knowledge  as  to  what  Unionism  means  and  what  it  is 
doing,  and,  not  only  for  their  own  benefit,  but  for  the  benefit  of 
this  country  and  its  citizens  generally,  put  themselves  in  the  posi- 
tion of  effectively  resisting  the  tyrannical  and  unjust  things  that 
are  being  done  at  this  writing,  unless  such  action  is  taken  by  the 
employers  of  this  country,  we  will  find  ourselves  confronted  with 
the  same  evils  that  to-day  confront  England. 

The  only  trouble  is  that  each  establishment  which  has  not  yet 
been  confronted  with  these  phases  of  the  question,  feels  that  it  had 
better  not  do  anything  until  it  is  "  hit."  In  this  connection,  it  is 
well  to  bear  in  mind  the  saying  of  Napoleon  that,  "  it  is  human 
nature  not  to  bother  about  even  the  most  pressing  necessities  until 
some  absolutely  urgent  need  arises  compelling  attention,  and  then 
it  is  just  too  late."  Discounting  this  feature  of  human  nature 
was  one  of  Napoleon's  characteristics  and  one  of  the  elements  of 
his  success. 

.  It  is  the  writer's  earnest  desire  that  the  employers  of  this 
country  will  think  about  this  necessity  before  it  is  too  late,  and 
not  allow  themselves  to  be  "  tied  hand  and  foot  "  while  they  are 
sleeping. 

Mr.  John  T,  IlawJcins. — The  last  written  discussion  of  the 
paper  road  by  the  secretary,  goes  so  thoroughly  into  the  subject, 
and  expresses  so  fully  what  I  intended  to  say  that  it  leaves  little 
to  be  added  thereto.  I  desire,  however,  to  endorse  those  views 
most  emphatically.  As  he  has  said  or  intimated:  In  all  such 
papers  as  that  under  discussion  we  are  indeed  '"  reckoning  without 
our  host." 
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llie  paper  states  tbat  it  was  written  with  the  idea  iimitily  of 
advocating  '*  high  wagoa  and  low  labor  cost/'  Such  a  consninnm* 
tion  is  perfectly  possible  under  proper  coutlitions,  and  no  donhfc 
the  pap«?r  points  out  how  such  desirable  industrial  advancement 
might  be  assisted  in  some  smull  degree,  provided  that  all  such 
eff^jrt.^  were  not  offset  and  nullified  a  hundred  fold  by  the  antug- 
onistic  spirit  of  trade  uuionisui.  Under  the  latter  as  it  exists  in 
thii*  eouutry  to-day  tlic  primary  proposition^  as  given  by  the  author 
of  the  paper,  is  rendered  of  so  little  avail  that  it  seems  like  a  gi*eat 
waste  of  effort  to  even  consider  its  jjartieular  features  in  the  face 
of  so  great  an  obstaclej  without  first  taking  some  steps  to 
am  eh  orate  tlio  latter* 

The  moment  an  employer  attempts  to  better  the  conditions  of 
manufacturing — to  clieai>cn  theni  however  little  by  refinement  of 
his  processes,  he  is  met  by  the  infinitely  gretater  obstacles  placed 
in  his  way  by  the  labor  unions;  and  there  is  little  use  in  their 
sf  raining  at  their  own  gnats  of  improvement  so  long  as  they  are 
obliged  to  swallow  the  labor  union  camels. 

The  sjdrit  of  these  unions  is  everyw^here  antagonistic  to  the 
cheapening  of  products  or  the  methofis  of  their  production,  on 
the  princi]dc  that  the  less  every  man  does  the  more  will  there  be 
for  the  rest  to  do.  They  put  every  obstacle  poesible  in  the  way 
of  employers  availing  themselves  of  hibor*saving  machinery.  It 
is  the  same  spirit  tjiat  destroyed  cotton  gins,  looms  and  nail 
machines  in  older  times.  They  have  never  yet  been  brouglit  to 
see  that  if  an  employer  cheapens  tbe  cost  of  his  product  by  im- 
provement in  metliods  and  macliinery  he  tlins  bect>mes  .*^o  much 
the  better  able  to  pay  bigh  wages;  or  that  the  converse  obtains. 

I  think,  therefore,  that  this  paper,  while  moftt  admirable  in 
conceittion,  is,  as  my  predecessor  above  quoted  has  said,  counting 
without  its  host.  If  this  Socdety  wdll  formulate^  mathematically 
or  otherwise,  some  plan  which  will  induce  every  man  who  enters 
n  shop  to  work  to  do  the  l>est  tbat  is  in  him  for  the  wages  he  has 
agreed  to  receivc^^ — w4iicli  was  generally  the.  fashion  when  I  was  a 
young  man — instead  of  doing  the  least  possible,  as  i^  now  the  pre* 
vailing  style,  the  object  set  fortli  by  Hi  is  jmper  would  be  jiiore  tliRn 
possibh*;  it  would  bring  about  HjhI  uliject  a  tliousund  fnid  beyond 
anything  in  that  direction  to  be  accomplished  by  any  such  means 
as  is  advocated  in  the  paper  under  the  antagonism  of  unionism. 
In  fact  it  is  tlie  one  and  only  |iath  to  the  lowering  of  hibor  cost 
while  increasing  wages^  and  it  is  to  be  hoped  that  some  of  these 
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days — after  perhaps  a  good  many  more  years  of  costly  experience 
— the  labor  unions  or  their  individual  members  will  be  brought  to 
see  it.  Until  they  do,  and  we  continue  to  swallow  their  industrial 
camels,  we  mighty  as  well  let  our  own  gnats  alone. 

Mr,  IL  Emerson, — For  several  years  there  has  been  industrial 
activity  in  the  United  States.  We  hope  it  may  last,  but  to 
make  it  last  we  should  realize  the  causes  of  this  prosperity  and 
aim  to  convert  spasmodic  accident  into  permanent,  rational 
advantage. 

America,  north  of  the  tropics,  thus  including  Canada,  is  a  region 
of  great  natural  resources,  with  superior  producing  and  trans- 
portation equipment,  mainly  peopled  by  active,  intelligent  inhab- 
itants. This  is,  however,  not  enough.  There  was  no  prosperity 
in  this  vast  region  from  1893  to  tjie  latter  half  of  1897,  and  then 
it  was  solely  omng  to  a  series  of  accidents  that  a  great  flood  of 
abundance  came,  still  running  full.  These  accidents  were  the  dis- 
covery of  new  gold  fields  of  great  richness,  with  a  sudden  and 
general  increase  in  gold  output;  a  famine  abroad  resulting  in  dollar 
and  almost  two  dollar  wheat  for  a  whole  season  of  exceptionally 
bountiful  harvests  at  home;  a  foreign  w^ar  with  sudden  expendi- 
tures aggregating  $1,000,000,000. 

The  gold  yield  eased  the  money  market  of  the  world,  our  ex- 
ports brought  in  over  $1,000,000,000,  our  home  war  expenditures 
put  into  rapid  circulation  $1,000,000,000  more,  and  as  a  conse- 
quence vast  works  of  rebuilding  were  undertaken.  It  is  not  too 
much  to  say  that  in  the  17  years  from  1893  to  1910  all  the  rail- 
ways in  their  road  beds,  track,  bridges,  terminals,  rolling  stock 
and  motive  equipment  Avill  be  rebuilt;  that  the  trolley  systems  ^vill 
become  equal  to  the  steam  railroads  in  mileage;  that  the  whole 
ocean  fleet  is  to  be  rebuilt,  that  the  business  and  best  residential 
])ortions  of  all  our  cities  are  to  be  rebuilt,  and  Anally  but  not  least, 
that  every  machine  shop,  every  machine  tool  is  to  be  re-equipped. 

When  all  this  construction  is  done,  what  then?  Shall  we  or 
shall  we  not  be  better  prepared  than  our  industrial  rivals  to  cap- 
ture the  worhTs  traded  If  we  then  do  not  have  the  relief  and 
refuge  (►f  for(ugn  markets^  from  which  we  must  displace  rivals 
already  in  possession,  unless  we  can  substitute  production  and 
operation  for  construction,  the  more  we  have  done,  the  greater 
will  be  the  horrible  dej)ression. 

To  concjuer  and  hold  foreign  markets  Ave  must  produce  and  dis- 
tribute more  cheaply  and  manage  with  greater  skill  and  intelli- 
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gence  than  any  other  region  in  the  world,  and  one  of  the  tasks  of 
good  management  is  to  diminish  dissensions. 

It  is  not  enough  to  have  great  fields,  rich  mines,  fine  railroads 
and  great  industrial  plants.  Unless  the  man  who  works  with  his 
brains  can  harmonize  the  relations  between  those  who  work  with 
their  hands  and  those  who  work  with  their  money,  the  efforts  which 
should  be  directed  and  concentrated  towards  holding  our  own  in 
the  industrial  world  will  be  misdirected  and  frittered  away  in 
internal  friction. 

The  minds  of  many  are  alive  with  apprehension  as  to  the  future. 
On  all  sides  we  hear  the  warning  that  the  relations  between  em- 
ployers and  employes  constitute  the  one  great  danger.  It  is 
because  I  believe  that  the  continuance  of  natural  prosperity  can 
only  be  attained  by  underbidding  the  rest  of  the  world,  and  be- 
cause I  believe  that  we  can  only  underbid  by  surpassing  the  rest 
of  the  world,  not  only  in  natural  resources  but  in  harmony  between 
employe  and  employer,  in  extensive  organization,  in  eliminating 
from  our  national  life  waste  methods,  waste  processes,  waste  time, 
I  regard  the  paper  presented  at  this  meeting  by  Mr.  Taylor  as 
the  most  important  contribution  ever  presented  to  the  Society, 
and  one  of  the  most  important  papers  ever  published  in  the  United 
States.  Mr.  Day's  paper  on  "  Machine  Shop  Organization,"  Mr. 
Gantt's  on  a  method  of  following  work  through  a  shop  are  fitting 
introduction  and  sequel  to  Mr.  Taylor's  great  paper. 

Mr.  Taylor's  achievement  is  that  he  is  the  first  one  to  use  per- 
fected scientific  methods,  one  of  them  a  microscopic  study  of  Time 
Units  to  get  at  the  elemental  cost  of  all  production.  lie  shows 
how  the  combination  of  methods  and  equipment  designed  by  the 
brain  worker,  paid  for  by  the  capitalist  and  operated  by  the  skilled 
worker  can  reduce  costs  of  output  to  one-third  of  what  they 
usually  are. 

Mr.  Taylor  does  not  stop  here.  The  brain  worker  and  the  cap- 
italist have  long  been  working  in  harmony,  but  the  third  partner 
is  an  antagonist.  ^Ir.  Taylor  shows  the  method  by  which,  not  as 
a  concession  or  dole,  but  by  a  self-oi)erating  plan,  the  worker  must 
be  paid  increasingly  more  if  output  is  to  be  cheapened. 

In  his  essay  ilr.  Taylor  treats  only  of  the  application  of  his 
plans  to  the  macliine  shop.  They  are,  however,  of  far  greater 
reach.  A  somewhat  careful  study  based  on  unusual  opportunities 
of  observation  has  convinced  me  that  the  rational  efficiency  of  the 
male  population  of  the  United  States  of  militia  age  does  not  exceed 
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five  per  cent,  as  compared  to  the  nintey-five  per  cent,  of  the  ideal 
machine  shop  planned  and  equipped  let  us  say  by  Messrs.  Dodge 
and  Day,  organized  and  directed  by  Mr.  Taylor,  and  the  work 
followed  through  under  the  methods  of  Mr.  Gantt. 

The  greatest  latent  wealth  of  a  country  does  not  lie  in  its  nat- 
ural resources,  not  in  its  fertile  fields  or  numerous  railroads,  not 
in  its  forests  and  mines.  Switzerland  is  rugged,  barren,  cut  off 
from  the  sea,  without  coal  or  iron,  yet  because  its  inhabitants  are 
thrifty,  frugal,  intelligent,  it  has  become  one  of  the  greatest  manu- 
facturing countries  in  the  world.  New  England  is  in  North 
America  what  Switzerland  is  to  Europe.  Solely  by  intelligent  or- 
ganization, not  by  natural  resources,  Prussia  jumped  to  the  front 
as  a  military  power.  Germany  has  jumped  to  the  foremost  rank 
in  marine  construction. 

Were  all  our  inhabitants  as  frugal  and  thrifty  as  the  Swiss  or 
Japanese,  as  intelligently  alert  and  energetic  as  the  New  England- 
ers,  were  our  industries  organized  as  is  German  shipbuilding,  were 
Mr.  Taylor's  methods  generally  applied,  no  country  in  the  world 
would  compete  with  North  America. 

There  should  be  no  fear  by  the  worker  that  his  store  of  increased 
remuneration  can  be  curtailed.  If  the  United  States  can  produce 
and  deliver  cheaper  than  the  balance  of  the  world,  every  worker 
in  America  will  find  a  reasonable  opportunity  to  keep  busy.  His 
increase  of  pay  and  shortening  of  liours  must  be  his  share  of  the 
economies  possible  below  the  danger  point  of  competition,  and  as 
the  possible  economies  between  perfect  adjustment  and  present 
anarchy  are  close  to  ninety  per  cent,  of  the  final  cost  to  consumer, 
as  it  is  much  easier  to  attract  twice  as  much  capital  by  a  slightly 
increased  rate  and  to  double  the  number  of  highly  specialized 
brain  workers  than  suddenly  to  double  the  number  of  workers, 
each  working  member  under  the  rational  Taylor  system  will  have 
it  absolutely  in  his  hands  to  exact  his  share  of  the  economy.  If 
there  is  a  product  now  costing  1,000  units  to  be  produced  in  a 
shop  planned  and  equip])ed  by  Messrs.  Dodge  and  Day,  organized 
and  directed  by  Mr.  Taylor,  Avork  followed  through  by  Mr.  Gantt, 
so  as  to  reduce  cost  to  300  units,  even  if  the  specially  skilled, 
trained  and  willing  workman  required  to  run  such  a  shop  were 
paid  100  per  cent,  above  the  average,  as  Mr.  Taylor  suggests,  if 
by  organizing  the  relations  between  the  shop  and  the  community 
the  cost  could  be  still  further  reduced  from  300  to  100  units, 
as  from  my  own  experience  and  results  in  organizing  work  I  know 
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it  often  can  be,  then  by  tbe  operation  of  natural  laws  the  skilled 
American  worker  must  of  necessity  receive  more^  not  less  than 
the  jjercentage  allowed  by  Mr.  Taylor* 

Mr.  Taylor  lias  done  more  than  point  the  way.  It  is  hence- 
forth the  organizer *s,  the  planner's  owe  fault  if  labor's  diaeontent 
cannot  be  successfully  alkye J  and  harmony  be  secured  where  now 
there  w  antagonism, 

A  beautiful  lesson  ean  be  learned  from  the  w^ay  the  bees  have 
been  induced  to  increase  the  production  of  honey.  The  bees  are 
perfected  socialists^  and  no  one  can  induce  them  to  change  either 
their  habits,  laws  or  methods,  yet  by  adjusting  equipment  and 
implemeots  to  tlieir  rules  of  life,  the  net  result  is  that  the  bees 
have  a  pleasanter,  safer  time  and  more  abundant  provision  against 
want,  w^hile  the  man  who  has  co-operated  with  the  bees  obtains 
three  times  as  much  honey  as  bis  European  peasant  rival  and  a 
hundred  times  as  much  honey  as  the  savage  who  despoils  without 
either  directing  or  co-operating. 

In  the  past  J  management,  often  skilled  j  often  wise  and  selfish 
has  evolved  many  plana  to  force  from  unwUling  men  an  increase 
of  effort  witliont  corresponding  increase  of  reward.  The  workers 
have  retaliated  by  organizations  which  as  unreasonably  expect  to 
increase  wages  and  shorten  hours  without  correspondingly  lessen- 
ing cost*  Such  wasteful  methods  should  be  left  to  Europe,  and 
organizing  and  harmonizing  work  should  be  placed  in  the  control 
of  those  who,  with  experience  of  their  own  and  results  to  show, 
are  almost  able  to  guarantee  harmony  of  relations  and  very  greatly 
reduced  costs, 

Mr.  F.  A ,  ffahey, — I  do  not  consider  that  Mn  Taylor  is  justified 
in  calling  the  Premium  Plan  the  Towne-Halsey  plan.  Of  course 
it  is  a  difficult  matter  to  draw  hard  and  fast  lines  in  these  matters, 
but  I  cannot  regard  Mr.  Townees  plan  as  an  anticipation  of  my 
own.  It  is  much  more  closely  allied  to  profit  sharing,  from  which 
it  diflfers  chiefly  in  limiting  the  gains  which  are  divided  among  the 
workmen  to  those  under  their  control*  It  is  thus  a  strictly  econ- 
omic and  not  an  eleemosynary  plan,  which  latter  the  profit  sharing 
plan  is.  In  its  method  of  administration  it  is  precisely  the  same 
as  the  profit  sharing  plan,  with  which  again  it  agrees  in  treating 
the  men  in  a  body  and  not  as  individuals, 

Mr,  Taylor  eharactemes  the  Premium  Plan  as  a  drifting  system 
and  m  being  based  upon  deceit,  by  which  I  take  it  he  means  that 
records  established  by  the  workmen  are  used  as  the  basis  of  the 
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system.  In  my  paper,  "  The  Premium  Plan  of  Paying  for 
Labor,"  which  appears  in  V9I.  XII  of  the  Trcmsactions^  the  follow- 
ing will  be  found  upon  page  764 : 

"  On  contract  work  undertaken  for  the  first  time,  the  method 
is  the  same  except  that  the  premium  is  based  on  the  estimated  time 
for  the  execution  of  the  work." 

Now,  as  I  look  at  it,  wliat  Mr.  Taylor  has  done  in  connection 
with  his  time  study  methods  has  been  to  determine  the  estimated 
time  with  greater  accuracy.  The  fact  is  that  this  basing  of  the 
Premium  Plan  upon  the  estimated  time  is  a  very  common  thing 
in  Great  Britain.  It  is  a  curious  fact  that  while  the  plan  has,  in 
this  country,  been  applied  chiefly  to  repetition  work,  it  has  in 
Great  Britain,  been  applied  chiefly  to  work  of  the  opposite  char- 
acter. This  is  probably  due  to  the  fact  that  it  was  first  adopted 
in  Great  Britain  by  David  Kowan  &  Co.,  of  Glasgow,  who  are 
builders  of  marine  engines,  and  the  spread  of  the  system  has  been 
to  shops  which  are  essentially  of  the  same  general  character.  In 
nearly  all  of  the  numerous  papers  upon  the  system  which  have 
been  presented  to  British  engineering  societies,  a  great  deal  of 
attention  has  been  paid  to  the  rate  fixing  department,  which  is 
considered  an  essential  feature  of  the  system,  as  indeed  it  is  with 
work  of  the  character  there  done.  This  term  "  rate  fixing  depart- 
ment ■ '  was  the  first  one  used  by  Mr.  Taylor  for  what  he  now  calls 
the  ''  time  study  ■ '  department  and  the  use  of  the  term  in  Great 
Britain  no  doubt  follows  Mr.  Taylor's  use  of  it  here. 

Xo  doubt  this  rate  fixing  is  not  done  by  the  minute  methods  of 
analysis  which  ^Ir.  Taylor  uses,  but  the  point  is  that  through  it  the 
Premium  Plan  is  used  on  work  which  has  not  been  made  before, 
and  hence  it  seems  to  mo  that  this  statement  of  Mr.  Taylor  that 
the  system  is  a  drifting  system  and  based  on  deceit  is  unfounded. 
The  essential  feature  of  the  system  relates  to  the  method  of  pay- 
ment and  not  to  the  method  of  setting  the  rates. 

The  leading  difference  beween  Mr.  Taylor's  plan  and  my  own 
is  that  he  tells  the  workman  by  means  of  his  instruction  cards  how 
to  produce  the  expected  results,  whereas  my  plan  de|>ends  upon 
the  initiative  of  the  workman.  I  have  no  doubt  that  there  is  a 
large  field  of  work  to  which  ^Ir.  Taylor's  plan  is  applicable,  and 
in  wliicli  it  will  produce  better  results  than  my  own,  but  I  am  just 
as  well  satistled  that  tluTc  is  a  much  larger  field  in  which  we 
cannot  afford  the  expense  attendiusr  the  oriranization  which  Mr. 
Taylor  contemplates  and  in  whicli  better  results  will  be  obtained 
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in  the  end  by  depending  upon  the  initiative  of  the  workman.  The 
conditions  which  Mr.  Taylor  found  at  Bethlehem  and  at  Mid- 
vale  are  ideal  for  his  system,  but  I  do  not  believe  that  they  furnish 
criteria  for  the  general  usefulness  of  the  system. 

It  should  be  noted  that  Mr.  Taylor's  plan  not  only  determines 
the  maximum  output,  but  deliberately  tells  the  workman  how  to 
produce  that  output — every  possible  means  being  provided  for  in- 
ducing and  even  compelling  him  to  adopt  the  combination  of  feed, 
speed,  etc.,  which  has  been  determined  to  be  most  suitable.  Xow, 
when  the  workman  has  done  this,  why  should  a  bonus  be  paid  him 
for  doing  it?  He  has  simply  followed  orders  and  i)roduced  ex- 
pected results,  and  I  am  unable  to  see  the  justification  for  any 
additional  pay  for  doing  that,  ily  plan  pays  the  premium  as  a 
reward  for  the  workman's  use  of  his  \nt^  and  his  intelligence. 
Mr.  Taylor's  plan  takes  the  exercise  of  tliat  intelligence  entirely 
away  from  the  workman  and  lodges  it  in  someone  else  who  is  paid 
especially  for  the  exercise  of  those  functions,  and  it  seems  to  me 
that  in  taking  away  the  very  thing  for  which  tlie  premiums  are 
paid,  it  has  destroyed  the  economic  soundness  of  the  premiums. 
Of  course  this  remark  does  not  apply  to  manual  labor,  in  which 
the  increased  output  is  obtained  only  by  increased  exertion  by  the 
workman ;  but  when  it  comes  to  the  operation  of  machines  Avithout 
additional  effort  of  any  kind  on  the  part  of  the  workman,  the 
justification  for  increased  pay  is  destroyed. 

Mr.  F,  W,  Taylor, — After  hearing  Mr.  Ilalsey's  criticism  it 
seems  to  me  that  he  is  under  a  misapprehension  as  to  the  true 
underlying  i)rin(*ii)l(»s  of  the  Towne-IIalsey  plan  and  my  system. 

Ther(»  is  no  doubt  that  there  is  more  or  less  confusion  in  the 
minds  of  many  of  those  who  have  read  about  the  two  systems,  and 
this  extends  also  to  those  wlio  are  actually  using  and  working 
under  them.  This  is  practically  true  in  England,  where  in  some 
cases  my  system  is  actually  being  used  under  the  name  of  the 
^''  Premium  Plan."  It  would  therefore  seem  desirable  to  indicate 
more  clearly  the  essential  difference  ])etween  the  two. 

The  one  element  which  the  Towne-IIalsey  plan  and  my  system 
of  management  have  in  common  is  that  both  recognize  the  all 
important  fact  that  workmen  cannot  be  induced  to  work  extra 
hard  without  receiving  extra  i)ay.  irnd(»r  both  systems  the  men 
who  succeed  are  daily  and  automatically  as  it  were  i)aid  an  extra 
premium.  The  payment  of  this  daily  premium  forms  ?uch  a  char- 
acteristic feature  in  both  systems  and  so  radicallv  differentiates 
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these  systems  from  those  which  were  in  use  before,  that  people  are 
apt  to  look  upon  this  one  element  as  the  essence  of  both  systems 
and  so  fail  to  recognize  the  more  important,  underlying  principles 
upon  wliicli  the  success  of  eacli  of  them  is  based. 

In  their  essence,  with  the  one  exception  of  the  payment  of  a 
daily  premium,  the  systems  stand  at  the  two  opposite  extremes  in 
the  field  of  management;  and  it  is  owing  to  the  distinctly  radical, 
though  opposite,  positions  taken  by  them  that  each  one  owes  its 
success ;  and  it  seems  to  me  a  matter  of  importance  that  this  should 
be  understood.  In  any  executive  work  which  involves  the  co- 
operation of  two  different  men  or  parties,  where  both  parties  have 
anything  like  equal  power  or  voice  in  its  direction,  there  is  almost 
sure  to  be  a  certain  amount  of  bickering,  quarreling  and  vacilla- 
tion and  the  success  of  the  enterprise  suffers  accordingly.  If, 
however,  either  one  of  the  parties  has  the  entire  direction,  the 
enterprise  will  progress  consistently  and  probably  harmoniously, 
even  although  the  wrong  one  of  the  two  parties  may  be  in  control. 

Broadly  sj>eaking,  in  the  field  of  management  there  are  two 
parties — the  superintendents,  etc.,  on  one  side  and  the  men  on  the 
other,  and  the  main  questions  at  issue  are  the  speed  and  accuracy 
with  which  the  work  shall  be  done.  Up  to  the  time  that  my 
system  was  introduced  in  the  Midvale  Steel  Works,  it  can  be  fairly 
said  that  under  the  old  systems  of  management  the  men  and  the 
managoniont  had  about  ecjual  weight  in  deciding  how  fast  the 
work  should  be  done  Slio])  records  showing  the  quickest  time  in 
which  each  job  had  been  done  and  more  or  less  shrewd  guessing 
being  tlie  means  on  which  the  management  depended  for  bargain- 
ing with  and  coercing  the  men ;  and  deliberate  soldiering  for  the 
purpose  of  misinforming  the  management  being  the  weapon  used 
by  tli(^  men  in  self-defence.  Under  the  old  system  the  incentive 
was  entirely  lacking  which  is  needed  to  induce  men  to  co-operate 
heartily  with  the  management  in  increasing  the  speed  with  which 
work  is  turned  out.  It  is  chiefly  due,  under  the  old  systems,  to 
this  divided  control  of  the  speed  with  which  the  work  shall  be 
done  that  such  an  amount  of  bickering,  quarreling  and  often 
hard  feeling  exists  between  the  two  sides. 

The  essence  of  my  system  lies  in  the  fact  that  the  control  of 
the  speed  problem  rests  entirely  with  the  management,  and  on 
the  other  hand,  the  true  strength  of  the  Towne-Halsey  plan  rests 
upon  the  fact  that  under  it  the  question  of  speed  is  settled  en- 
tirely by  the  men  without  interference  on  the  part  of  the  manage- 
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iiieiit.  Thus  in  ])otli  cases,  thougli  from  diainetrically  opposite 
causes,  there  is  undivided  control,  and  this  is  tlie  chief  element 
needed  for  hannony. 

So  far  as  I  know,  I  was  the  first  to  introduce  a  system  of  man- 
agement containing  the  following  elements : 

1.  A  careful  study  of  tlie  time  required  to  do  the  work. 

2.  Detailing  instructions  to  the  men,  telling  them  how  they  are 
to  do  their  work. 

3.  The  thorough  standardization  of  all  details  which  affect  the 
speed  of  the  work. 

4.  The  payment  of  a  premium  for  success  accompanied  by  a 
corresponding  loss  in  case  of  failure. 

This  system  was  introduced  in  the  Midvale  Steel  Works  of 
Philadelphia  in  1884.  In  1889  Mr.  Towne  read  his  paper  on 
**  Gains  Sharing"  before  this  Society,  and  in  1891,  seven  years 
after  my  system  had  been  in  use  on  an  extensive  scale,  Mr.  Tlalsey 
wrote  his  paper  on  the  "  Premium  Plan." 

Mr.  Halsey  has  objected  to  having  his  scheme  called  a  "  drift- 
ing "  system.  I  have  used  the  word  "  drifting "  without  the 
slightest  intention  of  slurring  it  or  in  the  least  detracting  from  its 
true  merit.  Tt  a])pears  to  me,  however,  that  "  drifting "  very 
accurately  dc^scribes  it,  for  tlie  reason  that  the  management,  having 
turned  over  the  (^ntire  control  of  the  speed  ])roblem  to  the  men, 
the  latter  being  influenced  by  tlieir  prejudices  and  wlnms,  drift 
sometimes  in  one  direction  and  sometimes  in  another;  but  on  the 
whole,  scK)n(»r  or  hit(M',  un(h»r  the  stimulus  of  the  premium,  move 
toward  a  higlier  rate  of  speed.  This  drifting,  accompanied  as  it 
is  by  the  irn^gularity  and  unc(»rtainty  both  as  to  the  final  result 
which  will  be  attained  and  as  to  how  long  it  will  take  to  reach  this 
end,  is  in  marked  contrast  to  the  distinct  goal  which  is  always 
kept  in  ])lain  sight  of  both  i)arties  under  my  system,  and  the  clear- 
cut  directions  which  h^ave  no  doul)t  as  to  the  means  which  are  to 
be  emj)loyed  nor  the  time  in  which  the  work  must  be  done;  and 
these  elements  constitute  the  fundamental  difference  between  the 
two  systems.  Mr.  Halsey,  in  objecting  to  the  use  of  the  word 
•^  drifting  "  as  describing  his  system,  has  referred  to  the  use  of 
his  system  in  England  in  c(mnect.ion  with  a  "  rate  fixing "  or 
planning  department,  and  quotes  as  follows  from  his  paper  to 
show  that  he  contemplated  control  of  the  speed  of  the  work  by 
the  management : 

"  On  contract  work  undertaken  for  the  first  time  the  method  is 
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the  same  except  that  the  premium  is  based  on  the  estimated  time 
for  the  execution  of  the  work." 

In  making  this  claim  Mr.  Halscy  appears  to  have  entirely  lost 
sight  of  the  real  essence  of  the  two  plans.  It  is  my  system  which 
is  in  use  in  England,  not  his;  and  in  the  above  quotation  he 
describes  not  his  system  but  mine,  in  which  the  men  are  paid  a 
premium  for  carrying  out  the  directions  given  them  by  the  man- 
agement. He  has  forgotten  that  under  my  system  the  men  were 
paid  a  premium  for  doing  the  work  in  the  time  estimated  by  the 
management  seven  years  before  he  ^vrote  his  paper. 

In  questioning  why  any  premium  is  necessary  under  my  system 
in  the  latter  part  of  his  remarks,  Mr.  Halsey  appears  to  have  en- 
tirely lost  sight  of  the  necessity  for  the  one  element  which  the  two 
systems  have  in  common,  namely,  the  payment  of  a  premium  for 
extra  hard  work.  I  think  that  I  have  called  attention  so  carefully 
in  the  paper  to  the' fact  that  men  will  not  do  extra  hard  work  for 
ordinary  pay  that  no  further  reference  to  this  fact  is  required. 
It  is  needless  to  say  that  machines  do  not  run  themselves,  but 
are  run  by  men,  and  the  larger  the  amount  of  work  turned  out 
by  the  machine  the  greater  will  be  the  work  and  attention  de- 
manded from  tlie  workman. 

There  is  ample  room  for  the  use  of  the  Towne-Halsey  plan 
as  well  as  for  mine,  bjut  the  line  of  demarkation  between  the  two 
is  not  that  drawn  by  Mr.  Ilalsey.  My  system  is  not  only  appli- 
cable to  large  works  such  as  the  Midvale  Steel  Company  and  the 
Bethlehem  Steel  Company,  as  implied  by  Mr.  Halsey.  It  is 
applicable  to  and  in  successful  use  in  works  of  all  kinds,  large 
and  small,  complicated  and  simi)le,  and  can  be  used  for  all  kinds 
of  labor.  It  is  capable,  in  my  judgment,  in  all  cases,  of  pro- 
ducing both  quicker  and  much  more  certain,  larger  and  more 
satisfactory  results  to  both  sides  than  the  Towne-IIalsey  plan. 
I  clearly  recognize  the  fact,  howev(^r,  that  there  are  many  em- 
ployers who  will  not  give  the  time  nor  take  the  trouble  to  intro- 
duce my  system;  and  to  such  men  the  To^^^le-TIalsey  plan  is  to 
be  recommended  as  better  than  any  of  tlie  old  systems  in  com- 
mon use. 

Mr.  Oherlin  Smith, — If  the  argument  of  one  of  the  last  speak- 
ers was  carried  out,  it  would  resemble  the  case  of  the  Irishman 
who  went  to  a  store  to  buy  a  cook  stove,  the  storekeeper  assuring 
him  it  would  save  half  his  coal  bill,  whereupon  he  said,  "  Sure 
I'll  take  two  stoves  and  save  it  all  I  " 
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Now  a  word  about  unions*  I  think  that  if  we  are  going  to 
be  pessiniistic,  and  to  expect  that  all  these  efforts  to  improve  our 
methods  acd  cheapen  our  products  are  going  to  he  foiled  by 
unions  we  are  mistaken.  There  are  several  elements  which  will 
gradually  rid  us  of  these  troubles.  One  is  that  the  men  eoni- 
posing  tbe  unions,  as  they  become  better  educated  and  affiliate 
more  with  people  like  uSj  will  become  more  sensible.  1  think 
one  of  the  greatest  works  which  this  Society  con  Id  do  wouhl  be  to 
foment  some  system  throughout  the  country  for  introducing  a 
new  political  economy  into  our  public  schools*  If  certain  eco- 
nomic treatises  especially  devoted  to  the  labor  problem  could  be 
taught  freely  in  our  public  schools  we  wotild  raise  up  a  generation 
of  boys  who  would  know  that  the  greater  production  there  is  in 
this  world,  mth  a  given  effort,  the  richer  they  would  all  lie  in 
the  long  run*  The  workingmi^n  do  not  know  enough  now,  but 
thoy  are  all  the  time  learning.  And  then  we  may  get  some- 
thing like  the  New  Zealand  system,  where  labor  union.s  are  desired 
by  employers  and  by  employed  alike — and  where  manufacturer's 
unions  are  equally  recognized  and  desired  by  all  parties.  That 
is,  both  unions  desire  each  other»  and  all  disputes  are  passed 
upon  by  commissioners  appointed  by  botlj.  If  they  fail,  appeal 
is  made  to  a  higher  commission  under  the  control  of  the  Govern- 
ment, and  partially  composed  of  one  or  more  judges  of  the 
Supreme  Court.  This  system  is  said  to  be  working  exceedingly 
welL  It  is  to  be  hoped  that  we  shall  gradually  eome  towards 
something  like  that  in  this  country.  Another  element  that  at 
ready  ha*^  a  beginning  consists  of  such  associations  as  the  AmtTican 
Metal  Trades  Assoeiatiim  which,  although  apparently  formed  to 
combat  the  unions,  is  really  affiliating  to  some  extent  with  them — 
making  the  employers  and  the  workingmen  better  acquainted  all 
the  time.  When  we  got  so  that  officers  of  such  associations  can 
take  a  glass  of  beer  with  the  workingman*s  representatives  and 
talk  tlie  matter  out,  wo  may  get  some  of  these  troubles  settled^ 
and  all  have  a  pretty  good  time. 

I  want  to  congratulate  the  Society  and  the  writers  of  these 
three  papers  uiion  the  splendid  work  they  have  given  us,  and  espe- 
cially Mr.  Taylor,  because  his  paper  is  more  comprehensive  than 
the  others.  One  fine  point  about  it  is  that  it  is  not  his  only.  He 
has  taken  in  all  that  is  goi3<l  that  he  could  get  from  anywhere,  and 
I  believe  the  Society  is  doing  a  good  work  in  disaeniinating  such 
facts  and  records  as  are  contained  in  papers  of  thjB  sort. 

H 
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Mr.  Ayres. — I  want  to  sav  that  I  have  taken  charge  of  an  old 
plant.  The  plant  was  unionized.  J  tried  to  put  in  this  system  and 
for  four  months  was  practically  unable  to  do  so:  that  is,  the  bonus 
system.  Finally  one  man  consented  to  take  it.  He  was  planing 
guides.  He  succeeded  in  making  his  bonus  for  two  days  then 
stopped.  I  paid  no  attention  to  it  for  as  nmch  as  a  week,  noticing 
it,  however,  every  day.  1  finally  went  to  the  man  and  said:  "  Wil- 
son, how  docs  it  happen  that  you  have  given  up  your  bonus?  That 
was  worth  forty  cents  a  day  to  you  ?  "  He  said,  "  Did  you  notice 
the  guides  the  other  day  ?  They  had  written  on  them,  *  He  is 
driving  us  out  of  a  job ';  *  Metal  pushed  off,  not  cut,'  and  a  few 
other  inscriptions  of  a  similar  character.  Those  remarks  had 
been  put  on  by  some  of  his  fellow  workingmen.  He,  however, 
took  up  the  bonus  again,  and  at  the  end  of  two  weeks  he  said  he 
had  a  cousin  working  in  the  shop  who  would  like  to  take  up  the 
bonus  business  too.  I  was  very  glad,  of  course,  and  I  fixed  an 
instruction  card  at  once,  so  that  he  could  begin  it  that  day.  I 
do  not  want  you  to  compare  the  times  of  doing  the  work,  which 
perhaps  I  might  give  you,  with  what  could  be  done  in  some  other 
shops  where  you  have  the  best  of  machinery,  but  I  will  simply 
tell  you  what  was  done,  and  what  is  being  done.  We  were  bor- 
ing some  brasses,  and  I  allowed  a  man  forty  minutes  to  do  it  in. 
His  day  rate  was  22^  cents  an  hour.  He  did  those  brasses  in 
thirty-seven  and  one-half  minutes  instead  of  taking  forty  min- 
utes. With  the  bonus  which  I  allowed  him,  the  wages  which 
that  man  earned  wen*  27. G  cents  per  hour  instx»ad  of  22J  cents. 
The  cost  per  piece  to  me  was  17^  cents,  where  before  it  was 
done  on  the  bonus  work  it  was  28  cents.  Showing  a  decrease  in 
cost  of  about  lOif  cents  jx'r  i)iece  to  me  and  an  increase  to  him 
of  practically  fifty  cents  ])er  day.  The  phining  of  frames  was 
another  instance  of  which  I  have  the  figures  here.  A  man  run- 
ning a  planer  was  getting  20  cents  j)er  hour.  With  his  bonus 
he  made  24.1  cents  ]>er  hour,  decreasing  my  cost  at  the  same 
time,  and  not  only  doing  that  but  at  the  same  time  increasing 
the  output.  So  that  we  are  getting  a  larger  output  with  the 
same  ca])ital  tied  u])  in  the  ])hint.  I  could  give  yon  other  in- 
tances  of  the  same  kind.  Pan(ding  main  rods,  a  man  on  the  mil- 
ling machine  was  getting  22  cents  an  hour,  and  he  made  32.8 
cents  ])er  hour,  and  at  the  same  time  decreased  the  cost  of  the 
output.  2  1  \)ov  cent.  1  have  no  trouble  in  glutting  men  to  take 
bonus  work  now. 
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Mr.  Oantt. — ^I  just  introduced  Mr.  Ayres  as  he  is  a  new  mem- 
ber and  rather  bashful.  Now  I  would  like  to  say  a  word  or 
two  on  my  own  hook.  What  Mr.  Ayres  said  is  about  a  loco- 
motive works,  not  a  steel  works;  but  the  principles  applied  there 
are  the  principles  said  to  be  only  applicable  to  a  steel  works.  I 
do  not  care  to  enlarge  upon  that,  because  those  who  know  what 
the  locomotive  is  know  that  the  work  done  in  the  locomotive  shop 
is  about  as  general  as  it  is  anywhere  else. 

Mr.  John  Balch  Blood. — All  careful  considered  action  comes 
through  the  following  processes : 

Perception  of  conditions. 
Collection  of  data. 
Collation  of  facts. 
Development  of  criteria. 
Application  to  action. 

At  present  a  larger  part  of  the  wage  question  is  determined 
w^ithout  any  adequate  basis  of  information  upon  which  to  act, 
and  the  systematic  method  of  obtaining  information  which  is 
used  in  every  branch  of  engineering  and  on  all  important  ques- 
tions is  apparently  ignored  in  this  question,  which  question  is 
one  of  the  fundamental  social  questions.  The  bringing  forth  of 
the  importance  of  accurate  information  on  this  subject  by  Mr. 
Taylor  cannot  be  too  strongly  valued,  as  it  alone  would  largely 
aid  in  this  subject  irrespective  of  anything  else.  In  my  experi- 
ence I  have  found  that  any  method  of  determining  wages  where 
personality  enters  is  sure  to  breed  suspicion  and  discontent.  It 
would  seem,  therefore,  that  some  other  basis  than  time  should 
serve  as  a  basis  of  wage  calculation. 

I  believe  that  the  basis  of  calculation  should  be  other  than 
time,  and  in  working  out  this  problem  myself  I  have  made  use 
of  what  I  call  "  work  units,"  which  imits  would  present  two 
factors — time  and  intensity,  ability  or  skill.  In  determining 
such  work  units,  personal  factor  of  soldiering  or  incorrect  timing 
would  not  apjx^ar,  and  the  relative  value  in  two  different  jobs 
could  be  demonstrated  to  the  satisfaction  of  laborer  and  em- 
ployer. 

I  believe  that  all  form  of  labor  from  purely  manual  labor 
to  the  highest  skilled  labor  should  appear  in  the  same  category  as 
work  units,  and  that  the  wage  should  be  so  much  per  work  unit 
with  a  given  rate  and  with  an  increasing  price  per  unit  for  an 
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increased  rate.     Fc 

►r  instance,  the  f< 

schedule. 

Units  per  day. 

Rate  per  unit. 

1.00 

$1.00 

1.50 

1.10 

2  00 

1.20 

2.50 

1.35 

8.00 

1.50 

8  50 

1.70 

4.00 

1.90 

Daily  wage. 
$1.00 
1.65 
2.40 
8.88 
4.50 
5.95 
7.60 

It  is  quite  necessary  that  the  price  per  unit  be  increased  with 
the  increased  rate  of  units  per  day.  With  this  system  a  man 
working  on  a  given  i)ieee  of  work  might  work  at  different  rates. 
At  all  times  the  incentive  to  increase  rate  would  be  present,  as 
the  increased  pay  per  unit  would  take  effect  on  the  whole  work 
if  the  rate  per  day  was  increased.  This  could  be  still  further 
emphasized  by  placing  the  work  in  classes  and  allowing  an  extra 
premium  for  an  increase  from  one  class  to  another,  on  condition 
that  a  forfeit  be  recognized  if  the  speed  of  the  higher  class  was 
not  maintained. 

Lack  of  knowledge  breeds  suspicion  and  antagonism.  A  thor- 
ough system  of  making  rates  which  is  demonstrable  and  which  is 
independent  of  personality  will  bring  mutual  helpfulness  and 
increase  the  annual  output  of  work. 

Mr.  John  T.  Hawkins, — I  want  to  give  you  a  couple  of  in- 
stances illustrating  the  spirit  of  trades  unionism  towards  the 
idea  of  reducing  tlie  cost  of  products. 

In  a*  machine  shoj)  which  had  been  forced  to  become  an  ex- 
clusively union  shoj)  in  order  to  avoid  a  supposedly  disastrous 
boycott  which  had  been  threatened,  there  was  a  little  labor- 
saving  device  with  ^vhich  you  are  all  familiar,  namely  a  power 
hack-saw. 

I  n(»e(I  not  tell  you  that  this  little  machine  requires  almost 
no  attention :  wlien  cutting  off  say  \\  inch  round  rods  not  more 
than  a  half  minute  in  every  hour.  When  the  shop  was  a  free 
one  it  had  been  the  practice  to  require  someone  otherwise  gener- 
ally engaged  to  n^set  the  tool  when  a  piece  dropped  off.  As  soon 
as  it  IxK'anie  a  union  sho]),  however,  the  so-called  "  shop 
hteward,-'  who  thenceforward  ])ractically  ran  the  shop,  insisted 
that  a  hoy  be  ke])t  sitting  by  this  machine  all  day,  while  actually 
occupied  less  than  on(»-twelfth  of  his  time.  This  is  the 'way  that 
labor-saving  d(n'ice  was  permitted  to  save  labor;  and  there  is  not 
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the  slightest  doubt  that  had  the  proprietor  refused  to  comply 
he  would  have  bad  a  strike  on  his  hands. 

Another  typical  case  ia  thit^:  I  had  occasion  to  iolieit  an 
estimate  for  a  largo  lot  of  a  new  article  of  glass  from  a  glass 
works  in  New  Bedford,  Mass.  The  manager  informed  me  that 
1  would  have  to  furnish  a  mold  at  my  owii  expense^  to  which  I 
agreed;  but  before  going  to  that  exjiense  desired  to  know  the 
price  at  which  he  would  furniah  the  goods.  He  infonned  me 
that  nothing  could  be  done  until  the  mold  was  produced^  upon 
which  he  would  submit  the  same  to  the  glass  makers'  umooj  and 
as  soon  as  their  walking  delegate  or  business  manager,  or  what- 
ever this  important  individual  was  then  called,  decided  how  many 
of  the  articles  he  would  allow  a  man  to  make  for  a  day'a  work, 
the  proprietor  would  give  me  the  figures  desired, 

Mr,  H,  31,  Lane.- — I  would  like  to  say  just  a  word  upon  the 
suhjeet  For  several  years  I  have  been  watching  the  machine 
shops  of  the  country,  gathering  material  for  our  Shop  Practice 
Coursej  in  Scranton.  I  have  been  very  much  interested  in  a 
series  of  circumstances  occurring  in  one  of  the  largest  shops  in 
this  country*  I  have  seen  it  pass  under  three  managements^  and 
it  has  been  very  instnietive  to  me  as  to  what  could  be  done  in  a 
strongly  organized  union  shop.  First,  the  manager  tried  to  drive 
everything  through  the  shop  withoiit  having  a  good  system  of 
keeping  track  of  the  work.  The  result  of  his  effort  was  that  the 
shop  was  always  in  a  congested  condition,  with  work  and  east- 
ings  piled  up  in  every  direction.  Coastings  were  lost  and  never 
fomtd  and  aU  sorts  of  trouble  were  experienced. 

The  next  manager  that  came  in  got  hold  of  the  foreman  and 
superintendent  and  started  a  series  of  blanks  in  operation^  which 
were  evidently  working  nicely  when  they  changed  superintend- 
ents again.  Up  to  this  time  the  management  made  practically 
no  change  in  equipment,  but  the  introduction  of  the  blanks  had 
to  a  large  extent  cleared  up  the  floor.  The  new  superintendent 
got  the  idea  that  he  was  kind  of  a  bulldog  and  his  idea  was  to 
chase  everything,  hence  he  dropped  a  large  portion  of  the  blank 
system  and  tried  to  chase  the  men  and  the  work  until  he  chased 
himself  out 

The  next  superintendent  who  took  charge  dropped  between  the 
two  extremes  and  he  has  accomplished  two  things.  First,  he 
adopted  a  system  of  blanks  which  enabled  him  to  prevent  the 
loss  of  castings  and  tell  whether  the  work  was  getting  along  right 
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or  not,  but  the  point  which  interested  me  most  was  the  way  he 
has  gotten  aroulid  the  men  in  regard  to  getting  work  out.  For 
instance,  in  the  foundry  where  they  were  making  a  certain  piece 
of  work  in  a  loam  mould,  the  men  limiting  the  output,  he  simply 
turned  around  and  made  it  in  dry  sand.  By  changing  his 
method  in  this  case  and  in  others,  and  taking  the  work  out  of 
the  hands  of  one  class  of  moulders  and  putting  it  into  the  hands 
of  another  he  waa  able  to  circimivent  their  idea  as  to  how  fast 
a  particular  piece  of  work  should  be  done.  He  first  made  an 
estimate  of  the  time  the  work  should  take,  and  then  by  changing 
the  method  and  making  the  necessary  rigging  he  got  the  work 
done  according  to  his  estimate.  In  the  machine  shop  the  new 
high  speed  tool  steel  and  the  use  of  new  machines  has  enabled 
him  to  make  similar  changes  and  a  corresponding  saving  of 
time. 

Mr.  Henshaw. — As  pointed  out  by  one  of  the  last  speakers,  the 
subject  we  have  under  discussion  is  of  enormous  importance — 
probably  the  most  important  industrial  engineering  question  that 
has  ever  come  before  this  Society.  We  have  been  familiar  for 
years  with  the  splendid  work  of  Mr.  Taylor  and  others,  but,  like 
a  great  many  good  things,  when  we  come  away  from  these  meet- 
ings we  are  apt  to  say,  "  Oh,  yes,  it  can  be  done  in  that  shop,  but 
my  conditions  are  a  little  different,  and  I  don't  think  it  would 
pay  me."  Then,  again,  we  have  the  bugbear  of  Trades  Unions 
in  the  background.  Now  the  suggestion  that  I  would  like  to 
make  is  that  this  Society  form  a  standing  committee  on  the  subject 
of  shop  management,  and  consider  all  the  data  which  have  been 
brought  up,  and,  if  it  takes  them  twenty  years,  get  out  of  it  if 
possible  a  system  so  perfect  that  it  can  be  universally  applied.  It 
may  be  then  that  by  tli^  application  of  such  a  system  in  every 
shop  the  Trades  Union  question  will  be  settled.  It  seems  to  me 
that  such  a  result  is  possible. 

Mr,  IFm.  Kent, — Apropos  of  what  the  last  speaker  has  said, 
we  all  remember  that  about  the  year  1775  some  people  down  in 
Boston  were  talking  about  a  tax  on  tea,  and  some  of  them  said 
they  would  have  to  submit  to  it,  othendse  their  warehouses  and 
docks  would  bo  shut  up  and  their  business  destroyed.  Now  the 
descendants  of  those  people  say  if  we  attempt  to  oppose  the 
unions  the  unions  will  shut  us  up  and  drive  us  out  of  business. 
Then,  too,  I  think  we  all  remember  that  there  was  another  set 
of  men  back  in  1775  who  went  and  threw  that  tea  in  Boston 
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Bay  and  started  the  Revolution aiy  War,  I  hope  there  is  some 
of  that  kind  of  blood  left  in  New  England  yet. 

Mi\  Taylor* — Mr,  DeBrule  and  Mr.  Hawkins  have  called 
attention  to  the  most  interesting  and  difficult  problem  connected 
Tvith  management,  nameh%  ho%v  to  persuade  union  men  to  do  a 
full  day's  work  if  the  union  does  not  wLsh  them  to  do  it.  I  am 
glad  of  the  opportunity  of  saying  what  I  think  on  the  matter^ 
and  of  explaining  somewhat  in  detail  just  how  I  should  expect, 
in  fact^  how  I  have  time  after  time  induced  union  men  to  do 
a  large  day's  work,  quite  as  large  as  other  men  do. 

In  dealing  i\"ith  union  men  ecrtain  general  principles  should 
never  be  lost  sight  of.  These  principles  are  the  proper  ones  to 
apply  to  all  raen^  but  in  dealing  with  union  men  their  application 
becoiucs  all  the  more  imperative, 

1.  One  should  be  sure,  beyond  the  smallest  doubtj  that  what 
is  demanded  of  the  men  is  entirely  just  and  can  surely  be  accom- 
plished. This  certainty  can  only  be  reached  by  a  minute  and 
thorough  time  study, 

2-  Exact  and  detailed  directions  should  be  given  to  the  work- 
man telling  him,  not  in  a  general  way  but  specif^dng  in  every 
small  particular,  just  what  he  is  t-o  do  and  how  he  is  to  do  it* 

3,  It  is  of  the  utmost  importance  in  starting  to  make  a  change 
that  the  energies  of  the  management  should  be  centered  upon  one 
single  workman  J  and  that  no  further  attempt  at  improvement 
should  be  made  until  entire  success  has  been  secured  in  this  case. 

Judgment  should  be  iL^sed  in  selecting  for  a  start  work  of  such 
a  character  tliat  the  most  clearcut  and  definite  directions  can  be 
given  regarding  it,  so  that  failure  to  carry  out  these  directions 
will  constitute  direct  disobedience  of  a  simplcj  straightforward 
crder. 

4.  In  case  the  workman  fails  to  carry  out  the  order  the  man- 
agement should  be  prepared  to  demonstrate  that  the  work  called 
for  can  be  done  by  having  some  one  connected  with  the  manage- 
ment actually  do  it  in  the  time  called  for, 

Tlie  mistake  which  is  usually  made  in  dealing  with  union  men, 
and  which  I  have  no  doubt  Mr,  Hawkins  made,  lies  in  gi^'ing  an 
order  which  affects  a  number  of  workmen  at  the  same  time  and 
in  laying  stress  upon  the  increase  in  the  output  which  is  de- 
manded instead  of  emphasiziug  one  by  one  the  details  which  the 
workman  is  to  carry  out  in  order  to  attain  the  desired  residt.  In 
the  first  case  a  clear  issue  is  raised :  say  that  the  man  must  turn 
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out  fifty  per  cent,  more  pieces  than  he  has  in  the  past,  and 
therefore  it  will  be  assumed  by  most  people  that  he  must  work 
fifty  per  cent,  harder;  and  in  this  issue  the  union  is  more  than 
likely  to  have  the  sympathy  of  the  general  public,  and  they  can 
logically  take  it  up  and  fight  upon  it.  If,  however,  the  work- 
man is  given  a  series  of  plain,  simple  and  reasonable  orders,  and 
is  offered  a  premiimi  for  carrying  them  out,  the  union  will  have 
a  much  more  difiicult  task  in  defending  the  man  who  disobeys 
them.  To  illustrate :  If  we  take  the  case  of  a  complicated  piece 
of  machine  work  which  is  being  done  on  a  lathe  or  other  machine 
tool,  and  the  workman  is  called  upon  (under  the  old  type  of  man- 
agement) to  increase  his  output  by  twenty-five  or  fifty  per  cent., 
there  is  opened  a  field  of  argument  in  which  the  assertion  of  the 
man,  backed  by  the  union,  that  the  task  is  impossible  or  too  hard 
will  have  quite  as  much  weight  as  that  of  the  management.  If, 
however,  the  management  begins  by  analyzing  in  detail  just  how 
each  section  of  the  work  should  be  done  and  then  writes  out  com- 
plete instructions  specifying  the  tools  to  be  used  in  succession, 
the  cone  step  on  which  the  driving  belt  is  to  run,  the  depth  of 
cut  and  the  feed  to  be  used,  the  exact  manner  in  which  the 
work  is  to  be  set  in  the  machine,  etc.,  and  if  before  starting  to 
make  any  change  they  have  trained  in  as  functional  foremen 
several  men  who  are  particularly  expert  and  well  informed  in 
their  specialties,  as,  for  instance,  a  speed  boss,  gang  boss  and 
inspector;  if  you  then  place  for  example  a  speed  boss  alongside 
of  that  workman,  with  an  instruction  card  clearly  written  out, 
stating  what  both  the  speed  boss  and  the  man  whom  he  is  in- 
structing are  to  do,  and  that  card  says  you  are  to  use  such  and 
such  a  tool,  put  your  driving  belt  on  this  cone,  and  use  this  feed 
on  your  machine,  and  if  you  do  so  you  will  get  out  the  work  in 
such  and  such  a  time^  I  can  hardly  conceive  of  a  case  in  which 
a  union  could  prevent  the  boss  from  ordering  the  man  to  put 
his  driving  belt  just  where  he  said  and  using  just  the  feed  that 
he  said;  and  in  doing  that  the  workman  can  hardly  fail  to  get 
the  work  out  on  time.  No  union  would  dare  to  say  to  the  man- 
agement of  a  works,  you  shall  not  run  the  machine  with  the  belt 
on  this  or  that  cone  step.  They  do  not  come  down  specifically  in 
that  way;  they  say,  "  You  shall  not  work  so  fast,"  but  they  do 
not  say,  "  You  shall  not  use  such  and  such  a  tool,  or  run  with 
such  a  feed  or  at  such  a  speed,''  However  much  they  would 
like  to  do  it,  they  do  not  dare  to  interfere  specifically  in  this  way. 


SHOP   MANAGEMENT.  1479 

Now,  when  your  single  man,  under  the  supervision  of  a  speed 
boss,  gang  boss,  etc.,  runs  day  after  day  at  the  given  speed  and 
feed  and  gets  work  out  in  the  time  that  the  instruction  card  calls 
for,  and  when  a  premium  is  kept  for  him  in  the  ofSce  for  having 
done  the  work  in  the  required  time,  you  begin  to  have  a  moral 
suasion  on  that  workman  which  is  very  powerful.  At  first  he 
won't  take  the  premium  if  it  is  contrary  to  the  laws  of  his  union, 
but  as  time  goes  on  and  it  piles  up  and  amounts  to  a  big  item,  he 
will  be  apt  to  step  into  the  office  and  ask  for  his  premium,  and 
before  long  your  man  will  be  a  thorough  convert  to  the  new 
system.  Now,  after  one  man  has  been  persuaded,  by  means  of 
the  four  functional  foremen,  etc.,  that  he  will  earn  more  money 
under  the  new  system  than  under  the  laws  of  the  union,  you  can 
then  take  the  next  man,  and  so  convert  one  after  another  right 
through  your  shop,  and  as  time  goes  on  public  opinion  will  swing 
around  more  and  more  rapidly  your  way. 

I  have  a  profound  respect  for  the  workmen  of  the  United 
States;  they  are  in  the  main  sensible  men — not  all  of  them,  of 
course,  but  they  are  just  as  sensible  as  we  are.  There  are  some 
fools  among  them;  so  there  are  among  us.  They  are  in  many 
respects  misguided  men,  and  they  require  a  great  deal  of  infor- 
mation that  they  have  not  got.     So  do  we. 

I  have  quite  as  great  a  respect  for  the  workmen  of  this  country 
as  for  any  other  class  of  men.  They  are  a  sensible  body  of  men, 
and  all  that  they  need  to  make  them  do  what  is  right  is  a  series 
of  proper  object  lessons.  When  they  are  con\dnced  that  a  system 
is  offered  them  which  will  yield  them  larger  returns  than  the 
union  can  offer  they  will  promptly  drop  the  union.  The  neces- 
sary object  lessons  can  best  be  given  by  centering  the  efforts  of 
the  management  upon  one  spot.  The  mistake  that  ninety-nine 
men  out  of  a  hundred  make — and  I  fancy  that  Mr.  Hawkins* 
friends  in  Massachusetts  have  done  this — is  that  they  have  at- 
tempted to  influence  a  large  body  of  men  at  once  instead  of  tak- 
ing one  man  at  a  time. 

I  think  that  Mr.  Hawkins  has  also  overlooked  another  import- 
ant factor,  and  that  is  the  question  of  time.  If  Mr.  ITawkins 
expects  large  results  in  six  months  or  a  year  in  a  very  large  works 
he  is  looking  for  the  impossible.  If  he  expects  to  convert  union 
men  to  a  higher  rate  of  production,  coupled  with  high  wages,  in 
six  months  or  a  year,  he  is  expecting  next  to  an  impossibility. 
But  if  he  is  patient  enough  to  wait  for  two  or  three  years,  he 
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can  go  among  almost  any  set  of  workmen  in  this  country  and 
not  find  the  trouble  which  he  did  in  Massachusetts. 

Mr.  Hawkins, — I  have  waited  six  years  now. 

Mr.  Taylor. — Have  you  tried  the  incisive  plan  of  centering  on 
one  man,  instead  of  going  at  the  whole  shooting-match  at  once? 
I  think  failure  is  due  to  a  lack  of  patient  persistence  on  the  part 
of  the  employers  and  then  to  a  lack  of  centering  right  on  to  a 
single  man.  No  workman  can  long  resist  the  help  and  persua- 
sion of  five  foremen  over  him.  He  will  either  do  the  work  as  he 
is  told  to  or  leave. 

Mr.  Ous.  C.  Henning. — We  have  heard  much  about  this  inter- 
esting subject  and  have  been  deeply  interested,  and  we  have 
heard  so  much  as  to  how  to  make  money  and  to  get  along  with 
men  that  I  think  we  might  very  well  now  pass  a  vote  of  thanks 
to  Mr.  Day,  Mr.  Gantt  and  Mr.  Taylor.  Gentlemen,  I  hope 
you  will  vote  with  me  and  give  a  hearty  vote  to  these  three 
gentlemen  for  tBe  presentation  of  these  admirable  papers. 

The  motion  was  seconded  and  carried  unanimously. 
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No.  155, 

Has  Anyone  Und  experienci;  in  man  u  fact  a  ring  small  spiral  pimona  in  a  Tnlll- 
fng  macbine? 

Mr.  E,  H.  N^ef,—Jn  ans^^^er  to  the  above  question  the  writer 
would  present  the  attachment  shown  in  the  adjacent  cuts.  This 
attachment  was  invented  by  Mr;  W,  G.  Burnham,  and  designed 
by  the  writer  to  meet  the  requirements  of  a  company  engaged 
in  the  manufacture  of  cream  separators.  In  their  apparatus^  on 
the  vertical  spindle  which  carries  the  bowl  into  which  the  milk 
is  poured,  is  a  spiral  pinioHj  or  as  it  is  sometimes  designated,  a 
'*worm,"  These  have  a  low  number  of  teeth,  6,  7,  or  8,  and 
the  <liameter  will  run  from  about  i  inch  to  J  of  an  inch.  The 
length  of  cut  varies  from  IJ  inches  up— sometimes  as  long  as 
5  inches.  The  angle  of  thread  is  from  45  degrees  to  51  degrees, 
making  20'pitch  to  32-pitch  cutters,  about  equal  to  the  normal 
pitch  of  the  smaller  sizes.  In  the  train  of  gearing  this  pinion  is 
the  driven  mem  her,  being  driven  by  a  wonn -wheel,  which  is  in 
turn  driven  by  a  train  of  spur  gears,  thus  attaining  for  the 
\vorm-shaft  of  the  separator  a  very  high  speed,  6,000  to  10,000 
revolutions  per  minute.  It  is  essential  that  this  train  of  gearing 
run  very  quietly,  so  that  makers  of  rival  separators  wiU  not  be 
able  to  say  that  the  apparatus  talks  it  oivn  demerits. 

To  meet  the  requirements  of  this  case,  it  was  decided  to  design 
something  that  would  apply  to  a  standard  machine,  and  at  the 
same  time  produce  the  quality  of  %vork  desired  in  goodly  quanti- 
ties* The  attachment  is  put  on  to  a  No.  1  plain  milling  machine, 
bolting  it  to  the  table  and  locking  the  table  in  position,  the 
necessary  longitudinal  travel  lieing  embodied  in  the  attachment 
itself.     The  attachment  is  driven  by  connecting  the  Hooke's 

•  PrRst'Mled  at  the  Sar&to|7ii  meeting  ^lime.  1903)  of  the  Anicricftn  Hf>ciety 
at  Mechanical  Eugmeeri^  mid  forming  part  of  Volume  XXtV,  of  tlie  Trafntafiwna, 
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joint  of  the  machine  to  the  end  of  worm-sliaft  on  tlie  fixture. 
The  gear-cutter  used  is  a  standard  or  sjiecial  shape,  and  is  driven 
through  a  standard  vertical  spindle  TniUtng  attachment.  The 
bhinks  are  hehl  Knnly  at  one  end  in  a  si>ring  chuck  closed  with 
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the  hanii-Avliet4  7^,  and  at  the  other  in  a  female  centre  f< inning 
a  i>urt  of  the  l>i'a*:lv(*t  7A  The  cutter  is  flooded  with  oil  or  soda 
water,  and  the  chips  and  nil  11  uw  into  the  tank  G  to  be  strained 
and  oil  retrirnoil  by  ilus  ymrnp. 

This  **  wonii  uiUling  ultachment,"  as  it  has  been  designated, 
is  best  shown  in  the  general  view  in  Fig*  300,  lb  consists  of  a 
base  bolted  to  the  talde,  and  carr^nng  on  its  top  a  si i tie.  The 
11  ooke's  joint  connects  to  tlie  womi -shaft  A^  and  the  ktter  to 
the  cam-s)iaft  B  througli  a  worm- wheel.  On  cam-shaft  /?  are 
two  (Use-cams /i^fi",  which  operate  against  the  ends  of  screws  D 
to  tlii'ow  the  work  intu  cutting  position  during  forward  tra\*cl 
and  allow  it  to  l>e  pulled  oat  of  cut  during  the  return.  On  shaft 
C^is  a  swinging  bracket  ////,  which  carries  a  work  spindle  and 
tail-stock,  j\lso  on  the  cam-shaft  J?,  in  the  housing  at  the 
right-hand  end  is  a  boily-crim,  which  engages  with  a  roller  on 
a  Tertical  pin  fixed  in  the  base  of  the  attachment,     Therefore  as 
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the  cam -shaft  rotates,  tho  work  is  thrown  up  to  the  cutter  or 
aUoweU  to  he  drawn  away  at  the  proper  instant  at  the  end  of  the 
cut  by  a  pair  of  spiral  springs.  The  body-cam  referred  to  travels 
tlio  slide  forward  and  haek^vard  hy  the  cutter.  The  connection 
froiri  worm -shaft  A  to  shaft  0  is  hy  a  pair  of  spiral  gf3ars^  dip- 
ping in  oil.  Tliese  gears  are  equal  in  diameter,  but  reduce  the 
motion  one-half  through  the  relations  of  the  angles  of  teeth.  At 
the  opposite  end  of  the  attachment  there  is  a  train  of  spur  gear- 
ing from  shaft  V  to  the  work  spindle.  So  that  as  the  Ilooke's 
joint  is  driven*  the  blank  is  continuously  i^tated  in  one  dii^c* 
tion,  and  the  cams  hefore  referred  to  produce  the  in  and  out  and 
longitudinal  movement  of  the  work  relative  to  the  cutter. 


1  Ki.  mi. 


One  of  tlte  |ieculiar  features  of  tliis  attachment  is  the  method 
of  accomplishing  the  indexing.  The  work  is  rotatBl  cuntinu- 
ously  in  one  direction,  and  tliere  is  no  indexing  in  the  usual  sense 
of  the  term.  The  bo^ly-cam  ;ind  the  gearing  are  soproportirmed 
that  the  time  of  rc:*tiirn  of  the  cutter  slide  is  exactly  e<jual  to  the 
time  of  rotation  f4  the  hlank  through  a  certain  fraction  of  the 
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revolution.  For  Lastance^  if  the  worm  has  seven  teetli,  the  time 
allowed  for  returning  the  slide  raay  be  that  reqidred  with  the 
given  gearing  to  rotate  the  hlank  four^sevenths  of  one  revolu- 
tion. Tlie  apparatus  would  therefore  cut  in  this  case  every 
fourth  tooth,  and  eventually  all  seven  wonld  be  done*  We 
might  arrange  this  so  as  to  cot  every  third  tooth  or  every  fifth 
tooth.  Where  there  is  an  even  number  of  teeth,  say  8,  we 
would  cut  every  tbird,  fifth,  or  seventh  toothy  the  point  being 
that  the  number  of  teeth  skipped  must  be  prime  to  the  number 
of  teeth  in  tlie  worm. 

The  cutting  speeds  for  this  work  will  of  course  de|>end  upon 
the  qualily  of  stock  employed,  the  same  speeds  evidently  being 
possilile  as  in  a  standard  gear  cutting  machine.  These  woukl 
run  say  25  to  30  feet  per  minute  for  tool  steely  to  40  to  50  feet 
per  ndnute  for  rough  cut  on  soft  machinery  steeL  Some  people 
cut  these  out  of  the  solid,  full  depth  at  one  cut,  driving  alow 
enough  to  produce  the  tjuality  of  work  they  desire.  I  wouhi 
recommend,  however,  taking  two  cuts  ami  leaving  about  ,008  of 
an  inch  for  the  finishing  cut*  For  machinery  steel  I  woukl  run 
the  cutting  speed  up  as  high  as  120  feet  per  3ninutej  and  reduce 
the  feed  per  revolution  so  as  to  make  al>out  the  same  feed  per 
minute  as  before*  The  time  of  finishing  one  of  these  wonns  will 
vary  considerably,  but  probably  the  average  would  run,  where 
two  cuts  are  used,  about  14  minutes.  I  have  cut  one  with  seven 
teeth  in  eight  minutes* 

No.  15a 

HaTe  an  J  iww  formH  of  flexlbl©  ttibing  biam  dtiVelo^Mid  hIuco  tlie  article  iB  VoL 
XIL  of  the  Tratiiaciionif,  p.  197.  If  so,  wkat  is  the  form  of  joint  and  what  di- 
ameters are  made  Y 

Percy  A,  SanguifietiL — A  flexible  mettalic  tubing  possessing 
interesting  mechanical  features,  having  been  recently  brought  to 
my  notice,  1  am  induced  to  present  it  to  the  Society,  The  tubing 
is  manufactured  in  England  and  is  made  of  cx)pper  or  gal  vanished 
fiteel  tape,  in  sizes  from  /^r  of  an  inch  to  8  inches  diameter;  and 
to  stand  pressures  from  luo  to  *i,OuO  pounds  per  square  inch. 

The  illustration  shows  the  way  in  which  the  tube  is  formed^ 
and  the  manufacturer's  description  is,  that  as  the  tape  is  rolled, 
it  forms  a  groove  for  the  reception  of  a  specially  prepared  asbes- 
tos wire  thread  packing,  which  is  completely  inclosed  in  the 
metal  as  it  rolls^  and  remains  fully  protected  from  internal  or 
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external  wear.  Tliis  asbestos  thread  mates  the  tubiEg  perfectly 
tightj  while  the  interloeking  feature  induces  a  flexibility  in  the 
smaller  skes  equaj,  and  in  the  larger  sizes  far  superior  to  rubber 
hose  of  the  same  dimensions  and  strength. 

The  uses  to  which  the  tubing  may  be  applied,  are  as  follows  : 
oopper  is  used  chiefly  for  steanij  and  steel  for  hydraulic  and 
pneumatie  use,  petroleum,  naphtha,  gas,  acid,  ammonia^  paint, 
etc,  I  while  the  lighter  kinds  are  used  for  electric  cable  armoring, 
automobQe  horns,  speaking^ubes,  elevator  leaders,  etc. 

The  tubing  can  be  used  to  connect  lines  of  steam  piping  in 
ilace  of  slip  or  other  expansion  joints,  or  lines  of  piping  that 
would  be  subject  to  derangement  of  any  kind. 

The  amount  of  curvature  that  the  tubing  will  withstand  with- 
out straining  varies  with  the  size,  and  may  be  stated  generally 
as  follows  :  the  smaller  sizes,  from  ^  of  an  inch  to  1  inch,  can 
be  bent  to  a  diameter  of  from  6  to  10  inches;  up  to  3  inches,  34- 
.es;  and  from  4  inches  to  8  inches,  50  to  84  inches. 


Fig.  302. 


No.  157* 


It  is  being  arranged  to  have  a  piece  of  the  tubing  on  exhibition 
^t  the  meeting,  clewed  at  on©  end,  and  the  other  end  attached  to 
hand-pump  and  pressure-gauge,  for  the  purpose  of  giving  an 
^illustration  of  its  behavior  under  pressure* 

^H    III  ft  Handard  Jmler,  for  testiiig  tlie  compftrntlTe  eTApomtion  effidencj  of  vuf- 
^^Mmdfi,  feasible  or  d^lmblet 

f  ^^  L*  P,  Breckenridge. — It  has  seemed  to  the  writer  that  some 
information  of  value  might  be  obtained  relative  to  the  compara- 
tive values  of  the  various  coals  throughout  the  United  States,  if 
the  different  coals  could  all  l^e  tested  in  a  staodard  hoder. 
The  installation  of  such  a  boiler  in  the  different  technical 
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schools  as  a  part  of  their  laboratory  equipment  could  easily  be 
accomplished,  provided  a  small  and  inexpensive  type  could  be 
determined  on  as  a  standard. 

The  following  proportions  are  suggested  as  suitable  for  such 
a  standard  boiler : 

Vertical  Tubular  Type, 

Diameter  of  boiler 86  inches. 

Height      "      "    96       ** 

Diameter  of  fornace 81       " 

Height      "        •*      27       *' 

Thickness  of  sheU i  " 

•*  fire-box A  " 

"heads ^  " 

Length  of  tubes 69      ** 

Diameter  of  tabes 2       ** 

Number  of  tabes 68 

Diameter  of  stack 15       ** 

Approximate  weight  of  boiler  complete 8,600  pounds. 

Horse-power  as  usually  rated 20 

ProbabI  e  cost $200 .  00 

A  boiler  such  as  described  is  an  excellent  piece  of  laboratory 
apparatus,  and  while  it  is  perhaps  not  suited  to  every  kind  of 
coal,  still  it  is  thought  that  by  the  exercise  of  some  judgment 
nearly  all  kinds  of  coal  could  be  burned  in  it  with  success,  espe- 
cially if  auxiliary  draft  apparatus  be  provided  whereby  the  rate 
of  combustion  could  be  easily  controlled  over  a  wide  range. 

The  internal  condition  of  the  boiler  could  always  be  main- 
tained clean  by  arranging  for  the  use  of  pure  water  either  from 
a  cistern  or  from  returns  from  a  heating  system. 

DISCUSSION. 

Mr.  Cary. — In  criticising  Professor  Breckenridge's  suggestion, 
concerning  the  adoption  of  a  standard  boiler  for  the  purpose  of 
obtaining  information  as  to  the  comparative  values  of  various 
coals,  I  must  admit  that  I  do  so  with  some  diffidence,  knowing 
that  he  has  had  under  his  supervision  (at  the  University  of  Illinois) 
a  very  extensive  series  of  tests  with  Illinois  coals  collected  from 
all  parts  of  the  State,  the  tests  being  made  under  several  different 
boilers,  both  of  the  horizontal  tubular  and  water  tube  types  and 
under  varying  furnace  conditions. 

I  cannot,  however,  refrain  from  expressing  some  surprise  that 
he  should  offer  a  boiler  of  such  design  as  he  has  described,  in  view 
of  the  fact  that  he  has  had  such  an  extended  experience,  but, 
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doubtless,  he  has  some  good  reason  for  doing  so,  and  I  would  be 
pleased  to  learn  what  his  reason  is. 

It  is  generally  known  that  when  bituminous  coal  is  thrown  upon 
an  incandescent  fire  bed  in  a  boiler  furnace  that  the  fresh  coal 
first  becomes  heated,  and  when  a  temperature  of  between  660 
degrees  and  870  degrees  Fahrenheit  is  reached  its  volatile  hydro- 
carbon gases  are  distilled  off,  and  these  gases  rise  into  the  furnace 
chamber  above  the  fire  bed  and  then  pass  on  to  an  adjoining  com- 
bustion chamber  (when  such  a  provision  is  made). 

The  principal  hydrocarbon  gas  distilled  off  from  bituminous 
coal  is  marsh  gas  (CH4),  and  careful  experiment  has  shown  that 
its  temperatures  must  be  raised  to  between  1,300  degrees  and  1,400 
degrees  Fahrenheit  before  its  ignition  will  take  place,  and  if  any 
lesser  temperature  exists  in  the  furance  or  combustion  chamber, 
this  gas  will  not  unite  with  the  oxygen  present;  or,  in  other  words, 
combustion  will  not  take  place,  and  this  most  available  fuel  con- 
stituent will  then  pass  up  the  chimney  with  the  resulting  loss  in 
fuel  economy. 

On  the  other  hand,  supposing  our  marsh  gas  has,  for  the  mo- 
ment, been  raised  to  its  ignition  temperature  in  the  presence  of 
an  ample  oxygen  supply,  and  then,  before  sufficient  time  has 
elapsed  to  complete  its  combustion,  suppose  its  temperature  to  be 
suddenly  lowered  below  this  degree.  At  first  complete  combus- 
tion will  occur,  resulting  in  the  production  of  carbonic  acid  and 
water  vapor;  then,  as  its  temperature  is  slightly  lowered,  we  will 
find  the  hydrocarbon  splitting  up  and  its  hydrogen  alone  uniting 
with  the  oxygen  present,  forming  superheated  steam  while  the 
liberated  carbon  will  pass  off  unconsumed,  as  soot ;  and  finally,  as 
the  temperature  falls  still  lower,  the  combustion  of  our  marsh  gas 
ceases  entirely,  and  a  total  waste  of  available  heat  occurs,  due  to 
the  non-combustion  of  the  gas. 

Some  appreciation  of  the  losses  due  to  the  incomplete  combus- 
tion of  marsh  gas  may  be  had  by  considering  that 

One  pound  of  marsli  gas  burned  to  carbon  dioxide  and  water  wiU 
generate 23,513  B.T.U. 

One  pound  of  marsh  gas  burned  to  carbon  nonoxidc  and  water  wiU 
generate 16,184  B.T.U. 

and 

Ohe  pound  of  marsb  gas  burned  to  water,  with  its  carbon  uncon- 
sumed, win  generate 15,525  B.T.U. 

From  the  above  statements,  and  with  a  knowledge  that  all  other 
hydrocarbon  gases  distilled  from  bituminous  coal  behave  similarly 
06 
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under  Kke  conditions,  we  see  that  for  the  purpose  of  obtaining 
economcal  results  it  is  essential  that : 

First.  The  area  of  the  grate  should  be  of  such  dimensions  as 
to  allow  a  bright  incandescent  fire  surface  to  be  maintained  to 
receive  each  fresh  charge  of  coal,  and  when  we  find  such  a  bright 
fuel  bed  existing,  we  are  pretty  sure  to  find  an  ample  penetration 
of  air  (from  below  the  grates)  to  furnish  the  required  air  supply 
needed  for  the  combustion  of  the  volatile  gases  in  the  furnace  and 
combustion  chamber. 

This  statement  might  be  somewhat  qualified  by  stating  further 
that  unless  a  very  small  quantity  of  coal  is  very  thinly  sprinkled 
over  the  surface  of  the  fire  bed  th«  air  supply  passing  through  the 
fire  bed  will  have  to  be  supplemented  from  some  other  source  for 
a  short  time  following  the  charging  of  the  fresh  fuel. 

Secondly.  We  must  constantly  maintain  a  temperature  in  our 
furnace  and  combustion  chambers  above  that  degree  known  as  the 
critical  temperature  of  combustion  of  the  volatile  gases  until  these 
gases  are  completely  consumed. 

A  further  condition,  which  must  not  be  overlooked  in  this  con- 
sideration, is  the  provision  of  a  furnace  and  combustion  chamber 
of  ample  size  to  meet  the  fuel  requirements. 

When  a  coal  contains  a  large  percentage  of  volatile  matter,  large 
chambers  should  be  provided  in  which  the  air  supply  and  volatile 
gases  can  find  ample  facilities  for  thorough  intercommingling  be- 
fore they  come  in  contact  (to  any  great  extent)  with  the  compara- 
tively cold  boiler  parts,  and  such  chambers  should  be  so  designed 
as  to  provide  a  sufiiciently  slow  passage  of  these  volatile  gases  from 
the  furnace  to  the  position  where  they  enter  the  interior  of  the 
boiler,  to  allow  their  complete  combustion  to  take  place  before 
the  burning  gases  are  chilled  (in  the  interior  of  the  boiler)  below 
their  temperature  of  ignition. 

With  this  statement  of  required  conditions  before  us,  let  us  ex- 
amine the  boiler  offered  by  Professor  Breckenridge. 

We  find  in  this  vertical  tubular  boiler  a  grate  31  inches  in  diam- 
eter, which  has  a  surface  of  about  5J  square  feet.  This  grate 
surface  cannot  be  extended  to  meet  special  fuel  requirements,  and 
it  can  only  be  contracted  by  an  imdesirable  arrangement  of  fire- 
bricks placed  around  the  outer  circumference  of  the  furnace. 
Thus  we  see  that  in  order  to  vary  our  fuel  consumption  ^ire  must 
either  increase,  or  decrease,  the  thickness  of  our  fuel  bed,  which 
practice  does  not  always  lead  to  the  best  results. 

One  of  the  points  which  should  be  determined  by  use  of  an 
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experimental  boiler  h  the  best  depth  of  fuel  bed  under  given  draft 
condition  to  setmrc?  the  best  results. 

It  is  true  that  we  can,  with  proper  arrangements,  vary  our  draft 
pressure  when  iising  this  boiler,  but  such  variation  in  thia  case 
must  be  made  by  force  of  iieeessity  in  order  to  accomplish  the 
combustion  of  a  desired  amount  of  coah 

In  experimental  work,  we  should  not  be  forced  by  such  arbitrary 
conditions  to  alter  our  draft  pressurej  as  this  will  limit  our  acope 
of  obtainable  inforuiation.  It  ia  certainly  most  desirable  for  ua 
to  know  the  minimuiu  draft  pressure  under  which  a  given  kind 
of  coal  can  be  burned  \vath  econoniical  results. 

In  a  boiler  of  this  type  the  furnace  and  combustion  chambers 
must  necassarily  be  one,  and  their  volumetric  capacity  must  be 
limited  by  tlie  internal  diameter  of  the  water  leg*  Further,  the 
volatile  gases  distilled  from  the  frcish  coal  are  not  only  brought 
into  inmiediate  contact  with  the  c4iilling  water  i^urfact\i  closely 
surrounding  tliem,  but  they  are  hurried  rapidly  upwards  into  the 
vertical  tubes  of  the  boilerj  in  whieb  their  combustion  is  most 
effectually  suppressed* 

A  Dutch  oven  (or  extended  furnace)  can  be  constructed  8o  aa 
to  deliver  its  gases  into  the  furnace  chamber  of  this  boiler,  but 
vertical  Iwilers  thus  set  usually  have  no  w^ater  leg^  the  heads  of 
such  boilers  usually  being  placed  on  the  extreme  ends  of  the  shell, 

A  boiler  of  such  construction  presents  a  very  large  surface  for 
radiation,  and  besides j  when  bad  feed  water  is  used,  the  lower  (or 
fire)  head  soon  has  ita  interior  coated^  and  leaky  tubes  result,  while 
many  criticise,  with  good  reason,  the  arrangement  of  the  upper 
head,  which  is  not  submerged,  and,  consequently,  exposed  to  the 
action  of  the  heat,  which  sometimes  causes  leaky  tubes  in  this 
upper  tube  sheet. 

By  referring  to  reliable  test-s,  it  will  be  found  that  a  boiler  of 
this  type  has  not,  as  a  rule,  given  results  equal  to  the  performance 
of  other  types  of  boilerSj  where  the  volatile  matter  in  the  coal  used 
exceeds  20  per  cent. 

The  best  form  of  experinientnl  l>oiler  is  one  of  the  liorizontal^ 
type,  and  it  should  be  constructed  with  an  external  fire-box  so 
arranged  that  the  mze  of  the  grate  surface  can  be  easily  altered 
to  any  reasonable  desired  extent,  while  the  grate  itself  should  be 
capable  of  being  raised  or  lowered,  so  as  to  increase  or  decrease 
vertically  the  si^e  of  the  furnace  chamber* 

It  is  also  desirable  to  have  adjoining  this  furnace  chamber  a 
combustion  chamber  arranged  to  receive  fire-brick  or  checker  work, 
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or  baffle  or  wing  walls  as  has  been  described  by  Prof.  E.  A.  Hitch- 
cock in  his  paper  on  "  The  Experiment  Boiler  of  the  Ohio  State 
University,"  presented  at  this  meeting. 

Provision  should  also  be  made  to  allow  the  insertion  of  fire- 
brick arches  over  the  furnace  and  combustion  chamber  of  such  a 
boiler,  as  the  best  results  cannot  be  obtained  with  coals  running 
high  in  volatile  matter  without  them. 

Should  we  attempt  to  test  all  coals  under  one  fixed  set  of  fur- 
nace conditions,  we  would  be  unable  to  obtain  information  from 
the  results  of  such  tests  which  would  allow  a  fair  comparison  to 
be  made  of  their  relative  merits.  Each  class  of  coal  should  be 
tested  under  furnace  conditions  productive  of  the  best  results,  and 
relative  information  gathered  in  any  other  way  will  only  lead  to 
the  further  contribution  of  misinformation  on  this  subject,  which 
already  exists. 

I  have  thus  far,  for  the  sake  of  argument,  discussed  this  sub- 
jest  as  though  I  thought  that  a  boiler  was  necessary  to  assist  in 
obtaining  information  regarding  the  relative  value  of  coals.  Such 
a  fact  is,  however,  diametrically  opposite  to  my  opinion  in  this 
matter. 

The  results  obtained  from  carefully  conducted  tests  with  a 
Mahler  Bomb  calorimeter  taken  in  connection  with  accurate  chem- 
ical analysis  of  the  coal  (both  proximate  and  ultimate)  will  cer- 
tainly give  us  an  excellent  idea  of  the  comparative  values  of  dif- 
ferent coals. 

In  such  work  it  is  well  to  check  the  results .  obtained  by  the 
calorimeter  with  the  calorific  value  of  the  coal  as  determined  by 
the  Dulong  formula,  the  use  of  which  will  of  course  require  an 
ultimate  analysis  of  the  coal.  If  these  two  results  are  approxi- 
mately the  same,  we  may  safely  conclude  that  the  calorific  value 
obtained  is  accurate. 

Generally  speaking,  the  calculations  from  chemical  analysis 
should  give  slightly  higher  results  than  those  obtained  by  calori- 
meter determinations,  since  most  of  the  errors  which  are  made  in 
the  analysis  tend  to  increase  the  calculated  values,  while  the  errors 
made  with  the  calorimeter  tend  to  diminish  these  values. 

From  our  proximate  analysis  we  can  obtain  the  necessary  in- 
formation to  properly  classify  the  coal,  and  from  it  we  also  learn 
how  much  of  the  fuel  must  be  burned  in  the  praseous  state  and 
how  much  will  be  burned  directlv  from  the  solid  state,  and  such 
information  will  aid  us  materially  in  the  proper  design  of  our 
furnaces  and  combustion  chambers. 
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With  the  knowledge  thus  obtained,  and  at  the  same  time  know- 
ing our  limitations  as  to  the  application  of  the  most  desirable  de- 
signs of  furnace  and  boiler  in  any  one  plant,  we  should  determine 
separately  the  percentage  of  efficiency  of  our  furnace  and  the  per- 
centage of  efficiency  of  our  boiler  to  be  used,  and  the  Droduct  of 
these  two  efficiencies  will  give  us  the  total  combined  jx^rcentage  of 
efficiency  of  both  l>oiler  and  furnace.  We  then  have  merely  to 
multiply  this  product  by  the  calorific  value  of  our  coal  in  order 
to  arrive  at  the  evaporative  results  which  may  be  expected  under 
the  considered  conditions. 

Prof,  L.  P.  Breckenridge,^ — The  writer  realized  that  the  type 
of  boiler  suggested  was  open  to  the  objections  presented  by  Mr. 
Gary.  The  reason  why  such  a  type  was  suggested  was  because  of 
its  cheapness,  and  unless  some  cheap  form  could  be  adopted  the 
entire  plan  would  fail. 

It  was  not  the  thought  of  the  writer  that  this  plan  of  comparing 
coals  should  in  any  way  take  the  place  of  chemical  analysis  or  of 
the  calorimeter.  It  did  seem,  however,  that,  as  before  stated, 
'^  some  information  of  value  might  be  obtained  "  if  the  various 
coals  could  all  be  tested  in  the  same  type  of  boiler. 

The  use  of  the  term  "  Standard  Boiler"  in  this  connection  was 
}>erhaps  unfortunate.  The  writer  had  in  his  mind  one  of  the 
Standard  types  of  boilers  as  manufactured  rather  than  such  a  boiler 
as  would  be  designed  for  the  purpose  of  making  a  series  of  standard 
tests. 


*  Aatbor's  Closare,  under  the  Rales. 
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~BOBERT  FULTON  MEMORIAL. 

It  will  he  recalled  that,  at  the  death  of  Mr,  Robert  Fulton  in 
1815,  his  boJy  wa^  interred  in  Trinity  ChurchYard,  in  New  York 
City,  in  the  vault  helon^inj^r  to  the  Livingston  family.  It  had  heen 
felt  by  the  American  R^iciety  of  ileehaiiieal  Engineers  that  it 
would  b<?  very  fitting  to  recognize  the  debt  which  the  profession 
of  engineering  owed  to  Mr.  Fnlton  for  making  the  problem  of  pro- 
piibion  on  the  water  by  steam  a  commercial  sueee?;.s  liy  a  siiit- 
able  monument  in  the  chnrchyard,  whereby  the  obligation  miglit 
be  recoirnij^ed  on  the  one  Imntl,  and  the  fame  of  ^Fr.  Fult^oi  be 
made  more  enduring. 

To  this  imd  the  Society  appointed  a  comniittee,  consisting  *i£ 
Mv.  Tnis  C.  Ib^nning,  Chairman,  if  r.  IT.  11.  Siiplee  and  Mr.  C.  \\\ 
llimt,  to  confer  with  the  corporation  i\i  Trinity  Chnrcli  with  re- 
spect to  the  erection  of  such  monimient,  at  the  es^pense  of  the  So- 
ciety. A^  the  residt  of  the  work  of  this  Committee,  an  arrange* 
ment  was  made  for  an  eligible  location  on  the  Hector  Street  ^iilc 
of  Trinity  Churchyard,  and  the  (*onsent  of  the  descendants  of  Mr. 
Fultoa  was  secured  to  the  takiag  of  the  necessary  steps  to  dedi- 
cate; this  memorial  with  sui table  ceremonies.  The  date  cdioaeu  for 
the  exercises  in  eonnecticm  \\\\h  the  monument  was  the  afternoim 
of  Thursday,  December  Tj,  lOOl,  dnring  the  continnancc  of  the 
Twenty-second  Annual  ileeting  of  the  R^x^iety. 

The  exercises  of  the  day  consisted  of  addresses  by  Chief  En- 
gineer B*  F.  Isherwood,  Rear- Admiral  George  W.  Mehille  and 
Professor  K.  H,  rinirston,  in  commemoration  of  the  achievements 
of  Mr*  Fulton  on  tlie  professional  and  secular  side.  These  ad- 
dresses were  delivered  in  the  Board  room  of  the  Real  Estate  Ex- 
change in  the  basement  of  tlie  Trinity  Bnildings,  on  the  north  side 
of  the  chnrchyard.  Adjourning  then  in  a  body,  the  Society 
attended  a  fnll  choral  service  following  the  ritual  of  the  Episcopal 
Cbnrch  in  the  nave  of  Trinity  Cburelh 

The  service  was  eondneted  by  the  Rev.  Morgan  Dix,  Rector  of 
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The  design  of  tlie  moninnent  is  shown  in  the  acconipanving  ^ 
illiistration  (Fig.  305),     The  inscription  is  aa  follows: 

Eroctcfl  to  the  Memory  of 
ROBERT  FULTON, 
Bom  1765.  Died  1815, 

The  AjtfERicAN  Socibtit  op  MseHANieAi.  ENomBsna^ 
1901. 

It  is  suriiioimletl  l>v  a  has-rt4ief  medullirm  (Fig,  300)  takon  from 
the  best  autheutie  soiireeir^,  and  barbed  mainlj  upon  a  portrait  in  the 
possession  cf  the  Society  and  hanging  on  its  wallfij  which  has  been 


Fro.  aotl. 

stated  to  he  a  portrnit  of  himstdf  hy  Mr,  Fnlton,  at  tho  lime  he  was 
making  portrait  painting  hh  special  avocation.  A  reproduction 
of  this  [lortrait  is  shown  in  Fig.  303.  On  the  back  of  the  base 
of  the  inonunient,  where  it  can  be  distinctly  read  from  tlie 
Rector  Street  side  of  the  elnirehyard,  stands  tlie  simph*  word 
''  FFLTON," 

The  Cnnniuttee  liad  east  in  bronze  the  rcprodnction  of  a  Robert 
Fulton  drawing  whicli  js  i^hown  in  Fig.  307,  nnd  had  intended  to 
place  this  on  the  rear  of  the  shaft  to  correspond  with  the  medal- 


ROBERT  FULTON  MEMORIAL.  1497 

lion.     It  was  finally  decided  to  omit  the  reproduction  and  to  put 
it  to  other  uses. 

It  has  been  thought  advisable  as  a  matter  of  record,  that  an 
appendix  to  the  Society's  Transactions  should  contain  the  full  re- 
ligious service  and  the  addresses.    These  in  their  order  follow: 

TRINITY  CHURCH.  NEW  YORK. 

Form  of  Service,  December  5th,  1901,  at  3  o'clock  p.m.  On  the  Occasion 
OF  THE  Unveiling  op  a  Monument  Erected  in  the  Church  Yard  by  the 
American  Society  of  Mechanical  Engineers  to  the  Memory  of  Robert 
Fulton. 

ORDER  OF  SERVICE. 

Opening  Voluntary,  <  ^       ,^  xt     ^  r  Beethoven 

(OpuslO,  No.  3) 

Processional,  Hymn  452 (Tune  Pleyel) Pleyel 

Children  of  the  Heavenly  King, 
As  ye  journey,  sweetly  sing! 
Sing  your  Saviour's  worthy  praise, 
Glorious  in  His  works  and  ways! 

We  are  travelling  home  to  God, 
In  the  way  the  fathers  trod : 
They  are  happy  now,  and  we 
Soon  their  happiness  shall  see. 

Lift  your  eyes,  ye  sons  of  light! 
Sion's  city  is  in  sight: 
There  our  endless  f  lome  shall  be. 
There  our  Lord  we  soon  shall  see. 

Fear  not,  bretliren;  joyful  stand 
On  the  borders  of  your  land; 
Jesus  Christ,  your  Father's  Son, 
Bids  you  undismayed  go  on. 

Tx)rd,  obediently  we  go, 
Gladly  leaving  all  below; 
Only  Thou  our  liCader  be, 
And  we  still  will  follow  Thee. 

In  the  name  of  the  Father,  and  of  the  Son,  and  of  the  Holy  Ghost.     Amen. 

Tlioii,  O  God,  art  praised  in  Sion:  and  unto  thee  shall  the  vow  be  performed  in 
Jerusalem.     Psalm  Ixv.  1. 
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Ver.    O  Lord  open  thou  our  lips. 
"Bjf,      And  our  mouth  shall  show  forth  thy  praise. 
Ver.    O  God,  make  speed  to  save  us. 
17.       O  Lord,  make  haste  to  help  us. 

Glory  be  to  the  Father,  and  to  the  Son,  and  to  the  Holy  Ghost;  As  it  was  in 
the  beginning,  is  now,  and  ever  shall  be,  world  without  end.    Amen. 
Praise  ye  the  Lord. 
The  Ix)rd's  name  be  praised. 

Psalm  xciii Attwood 

The  Lord  is  King,  and  hath  put  on  glorious  apparel:  the  Lord  hath  put  on  his 
apparel,  and  girded  himself  with  strength. 

He  hath  made  the  round  world  so  sure :  that  it  cannot  be  moved. 

Ever  since  the  world  began,  hath  thy  seat  been  prepared:  thou  art  from  ever- 
lasting. 

The  floods  are  risen,  O  Lord,  the  floods  have  lift  up  their  voice:  the  floods  lift 
up  their  waves. 

The  waves  of  the  sea  are  mighty,  and  rage  horribly:  but  yet  the  Lord,  who 
dwelleth  on  high,  is  mightier. 

Thy  testimonies,  O  Lord,  are  very  sure:  holiness  becometh  thine  house  for 
ever. 

Psalm  cxii Walmidey 

Blessed  is  the  man  that  feareth  the  Lord:  he  hath  great  delight  in  his  com- 
mandments. 

His  seed  shall  be  mighty  upon  earth:  the  generation  of  the  faithful  shall  be 
blessed. 

Riches  and  plenteousness  shall  be  in  his  house:  and  his  righteousness  endureth 
for  ever. 

Unto  the  godly  there  ariseth  up  light  in  the  darkness:  he  is  merciful,  loving, 
and  righteous. 

A  good  man  is  merciful,  and  lendeth;  and  will  guide  his  words  with  discretion. 

For  he  shall  never  be  moved:  and  the  righteous  shall  be  had  in  everlasting 
remembrance. 

He  will  not  be  afraid  of  any  evil  tidings:  for  his  heart  standeth  fast,  and  be- 
lieveth  in  the  Lord. 

His  heart  is  stablished,  and  will  not  shrink:  imtil  he  see  his  desire  upon  his 
enemies. 

He  hath  dispersed  abroad,  and  given  to  the  poor:  and  his  righteousness  re- 
maineth  for  ever;  his  horn  shall  be  exalted  with  honour. 

The  ungodly  shall  see  it,  and  it  shall  grieve  him:  he  shall  gnash  with  his  teeth, 
and  consimie  away;  the  desire  of  the  ungodly  shall  perish. 

Psalm  cxvii Cooke 

O  praise  the  Lord,  all  ye  heathen:  praise  him,  all  ye  nations.  For  his  merci- 
ful kindness  is  ever  more  and  more  toward  us:  and  the  truth  of  the  Lord  endureth 
for  ever.    Praise  the  Lord. 
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The  Lesson.  Ecclesiasticus  xxxix.  1-10. 

He  that  giveth  his  mind  to  the  law  of  the  most  High,  and  is  occupied  in  the 
meditation  thereof  will  seek  out  the  wisdom  of  all  the  ancient,  and  be  occupied  in 
prophecies. 

He  will  keep  the  sa3rings  of  the  learned  men:  and  where  subtil  parables  are, 
he  will  be  there  also. 

He  will  seek  out  the  secrets  of  grave  sentences,  and  be  conversant  in  dark 
parables. 

He  shall  serve  among  great  men,  and  appear  before  princes:  he  will  travel 
through  strange  countries;  for  he  hath  tried  the  good  and  the  evil  among  men. 

He  will  give  his  heart  to  resort  early  to  the  Lord  that  made  him,  and 
will  pray  before  the  most  High,  and  will  open  his  mouth  in  prayer,  and  make 
supplication  for  his  sins. 

When  the  great  Lord  will,  he  shall  be  filled  with  the  spirit  of  understanding: 
he  shall  pour  out  wise  sentences,  and  give  thanks  unto  the  Lord  in  his  prayer. 

He  shall  direct  his  counsel  and  knowledge,  and  in  his  secrets  shall  he  meditate. 

He  shall  show  forth  that  which  he  hath  learned,  and  shall  glory  in  the  law  of 
the  convenant  of  the  Lord. 

Many  shall  commend  his  understanding;  and  so  long  as  the  world  endureth, 
it  shall  not  be  blotted  out;  his  memorial  shall  not  depart  away,  and  his  name  shall 
live  from  generation  to  generation. 

Nations  shall  show  forth  his  wisdom,  and  the  congregation  shall  declare  lus 
praise. 

Cantate  Domino,  in  E  flat Garrett 

0  sing  unto  the  Lord  a  new  song:  for  he  hath  done  marvellous  things. 

With  his  own  right  hand,  and  with  his  holy  arm:  hath  he  gotten  himself  the 
victory. 

The  Lord  declared  his  salvation:  his  righteousness  hath  he  openly  showed  in 
the  sight  of  the  heathen. 

He  hath  remembered  his  mercy  and  truth  toward  the  house  of  Israel:  and  all 
the  ends  of  the  world  have  seen  the  salvation  of  our  God. 

Show  yourselves  joyful  unto  the  Lord,  all  ye  lands:  sing,  rejoice,  and  give 
thanks. 

Praise  the  Lord  upon  the  harp:  sing  to  the  harp  with  a  psalm  of  thanksgiving. 

With  trumpets  also  and  shawms:  O  show  yourselves  jo5rful  before  the  Lord, 
the  King. 

Let  the  sea  make  a  noise,  and  all  that  therein  is:  the  round  world,  and  they 
that  dwell  therein. 

Let  the  floods  clap  their  hands,  and  let  the  hills  be  joyful  together  before  the 
Lord :  for  he  is  come  to  judge  the  earth. 

With  righteousness  shall  he  judge  the  world:  and  the  people  with  equity. 

1  believe  in  God  the  Father  Almighty,  Maker  of  heaven  and  earth:  And  in 
Jesus  Christ  his  only  Son  our  Lord :  Who  was  conceived  by  the  Holy  Ghost,  Bom 
of  the  Virgin  Mary :  Suffered  under  Pontius  Pilate,  Was  crucified,  dead  and  buried: 
He  descended  into  hell;  the  third  day  he  rose  again  from  the  dead:  He  ascended 
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into  heaven,  And  sitteth  on  the  right  hand  of  God  the  Father  Almighty:  From 
thence  he  shall  come  to  judge  the  quick  and  the  dead. 

I  believe  in  the  Holy  Ghost:  The  holy  Catholic  Church;  The  Communion  of 
Saints:  The  Forgiveness  of  sins;  The  Resurrection  of  the  body:  And  the  Life 
everlasting.    Amen. 

Ver.    The  Lord  be  with  you. 
IjT.      And  with  thy  spirit. 
Let  us  pray. 

Ver.  O  Lord,  show  thy  mercy  upon  us. 

17.  And  grant  us  thy  salvation. 

•  Ver.  It  is  the  Lord  that  commandeth  the  waters: 

I^.  It  is  the  glorious  God  that  maketh  the  thunder. 

Ver.  Thy  way  is  in  the  sea,  and  thy  paths  in  the  great  waters: 

19^.  And  thy  footsteps  are  not  known. 

Ver.  The  Lord  sitteth  above  the  water  flood: 

I^.  And  the  Lord  remaineth  a  King  for  ever. 

Ver.  The  Lord  shall  give  strength  unto  his  people. 

I^.  The  Lord  shall  give  his  people  the  blessing  of  peace. 

Ver.  O  God,  make  clean  our  hearts  within  us. 

If,  And  take  not  thy  holy  spirit  from  us. 

The  Collect, 

Almighty  God,  give  us  grace  that  we  may  cast  away  the  works  of  darkness, 
and  put  upon  us  the  armour  of  light,  now  in  the  time  of  this  mortal  life,  in  which 
thy  Son  Jesus  Christ  came  to  visit  us  in  great  humility;  that  in  the  last  day,  when 
he  shall  come  again  in  his  glorious  majesty  to  judge  both  the  quick  and  the  dead, 
we  may  rise  to  the  life  immortal,  through  him  who  liveth  and  reigneth  with  thee 
and  the  Holy  Ghost,  now  and  ever.    Amen. 

A  Collect  for  Peace. 

O  God,  from  whom  all  holy  desires,  all  good  counsels,  and  all  just  works  do 
proceed;  Give  unto  thy  servants  that  peace  which  the  world  cannot  give;  that 
our  hearts  may  be  set  to  obey  thy  commandments,  and  also  that  by  thee,  we, 
being  defended  from  the  fear  of  our  enemies,  may  pass  our  time  in  rest  and  quiet- 
ness; through  the  merits  of  Jesus  Christ  our  Saviour.    Amen. 

We  bless  Thy  holy  Name,  0  Lord,  for  the  names  and  honour  of  those  who 
having  done  Thy  will  and  finished  their  work  which  Thou  gavest  them  to  do,  have 
departed  out  of  this  world  in  Thy  faith  and  fear,  and  especially  for  Thy  servant 
whom  we  remember  and  commemorate  before  Thee  this  day.  And  we  pray  Thee 
graciously  to  accept  the  dedication  of  the  monument  now  set  up  in  this  church- 
yard in  memory  of  our  brother.  May  his  name  be  held  in  everlasting  remem^ 
brance,  and  his  praise  throughout  all  generations.  And  grant  to  us.  Thy  humble 
servants,  that  by  Thy  help  we  may  glorify  Thy  holy  Name  in  all  our  works  begun, 
continued,  and  ended  in  thee,  and  at  last,  with  Thy  people,  be  made  partakers  of 
peace,  and  rest  in  Thy  presence  forever  more,  through  Jesus  Christ,  our  Lord. 

The  grace  of  our  Lord  Jesus  Christ,  and  the  love  of  God,  and  the  fellowship  of 
the  Holy  Ghost,  be  with  us  all  evermore.    Amen. 
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Htmn  418 (Tune  St.  Anne) Croft 

O  God,  our  help  in  ages  past, 

Our  hope  for  years  to  come, 
Our  shelter  from  the  stormy  blast 

And  our  eternal  home: 

Under  the  shadow  of  Thy  throne 

Thy  saints  have  dwelt  secure; 
Sufficient  is  Thine  arm  alone, 

And  our  defense  is  sure. 

Before  the  hills  in  order  stood, 

Or  earth  received  her  frame, 
From  everlasting  Thou  art  God, 

To  endless  years  the  same. 

A  thousand  ages  in  Thy  sight 

Are  like  an  evening  gone; 
Short  as  the  watch  that  ends  the  night 

Before  the  rising  sun. 

Time,  like  an  ever-rolling  stream, 

Bears  all  its  sons  away; 
They  fly,  forgotten,  as  a  dream 

Dies  at  the  opening  day. 

O  God,  our  help  in  ages  past, 

Our  hope  for  years  to  come. 
Be  Thou  our  guide  while  life  shall  last, 

And  our  eternal  home. 

Address  by  the  Rev.  ROBERT  FULTON  CRARY,  D.D. 

Benediction. 

Recessional  Hymn  414 (Tune  St.  Oswald) : :  .Dykes 

Guide  me,  O  Thou  great  Jehovah, 

Pilgrim  through  this  barren  land, 
I  am  weak,  but  Thou  art  mighty: 

Hold  me  with  Thy  powerful  hand. 

Open  now  the  crystal  fountains 

Whence  the  living  waters  flow; 
Let  the  fiery,  cloudy  pillar 

Lead  me  all  my  journey  through. 

Feed  me  witli  the  heavenly  manna 

In  tliis  l)arren  wilderness; 
Be  my  sword,  and  shield,  and  banner, 

Be  the  Lord  my  Righteousness. 
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When  I  tread  the  verge  of  Jordan, 

Bid  my  anxious  fears  subside; 
Death  of  death,  and  hell's  destruction. 

Land  me  safe  on  Canaan's  side. 

Closing  Voluntary \  Finale  from  Theme  and  )  ^^ 

I      variations  m  A  flat     i 


ADDRESS  READ  IN  KEW  YORK  CITY  BY  GEORGE  W. 
MELVILLE,  REAR  ADMIRAL  AND  ENGINEER-IN- 
CHIEF,  U.  S.  K,  DECEMBER  5,  1901. 

ROBERT  FULTON. 

"Death  makes  no  conquest  of  this  conqueror; 
For  now  he  lives  in  fame,  though  not  in  life."* 

"Here  the  reward  stands  for  thee — ^A  chief  seat 
In  fame's  fair  sanctuary,  where  some  of  old, 
Crown'd  with  their  troubles,  now  are  here  enrolled 
In  memory's  sacred  sweetness  to  all  ages."  f 

Ladies  and  Gentlemen:  We  are  assembled  here  to  do  honor  to 
the  memory  of  a  Great  American  and  a  Great  Engineer.  To  the 
memory  of  one  whose  work  led,  in  its  development,  to  the  utmost 
benefits  and  blessings  to  mankind.  Without  exaggeration,  it  can 
be  truly  said,  that  among  the  world's  foremost  benefactors  stands 
Robert  Fulton,  the  American  Engineer,  whose  monument  we  are 
dedicating  to-day. 

It  is  most  appropriate  that  this  monument  should  be  reared  in 
the  metropolis  of  the  Western  World,  where  his  greatest  triumphs 
were  achieved,  and  where  he  rests  amidst  the  sights  and  sounds  of 
that  prosperity  which  is  largely  the  outgrowth  of  his  genius  and 
perseverance.  But  the  prosperity  of  New  York  is  only  a  part  of 
the  prosperity  of  the  whole  world  that  has  come  from  the  develop- 
ment of  Steam  Navigation,  which,  in  its  realization,  far  surpasses 
the  most  eager  dreams  of  Fulton  and  his  contemporaries  for  the 
expansion  of  conmierce,  the  closer  communication  between  na- 
tions, and  the  more  intimate  intercourse  among  men. 

*  Quotation  1. — Shakespeare,  **  Richard  III." 
f  Quotalioa  2.— Middleton's  "  Triumph  of  Love  and  Antiquity." 
96 
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When  we  reflect  upon  the  changes  produced  by  the  successful 
application  of  steam  to  navigation — ^when  we  attempt  to  span 
mentally  the  entire  period  from  the  beginning  of  this  mighty  in- 
dustry down  to  its  present  magnificent  fruition — ^we  realize  that 
the  advance  of  time  has  brought  almost  another  worid.  Upon  the 
sea  to-day  are  borne  great  fleets  of  avdft  and  safe  commerce  car- 
riers; and  to-day  powerful  steam  warships  proudly  fly  the  flag  of 
Nations  in  all  quarters  of  the  globe.  Repeatedly  the  records  for 
speed  have  been  broken  by  the  Transatlantic  liners;  and  the  close 
of  the  past  Century  witnessed  the  triumphant  sweep  over  the 
ocean  of  a  Columbia  and  of  an  Obegon. 

The  journey  across  the  Atlantic,  which  a  hundred  years  ago 
was  a  serious  undertaking,  is  now  a  pleasure-trip  which  our  busy 
men  start  upon  at  a  few  hours^  notice,  and  which  almost  every 
fashionable  society  woman  counts  as  a  part  of  her  regular  duties. 

Steam  Navigation  has  enabled  the  inhabitants  of  the  different 
countries  to  come  into  the  closest  touch  with  each  other  by  the 
enormous  increase  of  mail  faeilites,  and  by  the  interchange  of 
literature.  It  has  practically  abolished  climatic  conditions  as  far 
as  food  products  are  concerned;  and  has  made  it  possible  for  peo- 
ple in  every  country  to  enjoy  the  products  of  every  other.  This 
great  benefit  is  shared  by  all  classes  of  society. 

Not  only  has  Steam  Navigation  made  more  pleasant  the  lot 
of  people  on  shore,  but  it  has  completely  changed  the  life  of  people 
on  board  ship.  With  the  development  of  steam  to  the  arts,  the 
modern  vessel  is  able  to  carry  fresh  food;  to  have  absolutely 
pure  water,  the  best  of  light  and  thorough  ventilation — together 
with  comfortable  warmth.  How  great  a  change  this  is  from  the 
conditions  of  a  hundred  years  ago  can  be  only  fully  realized  by 
those  who  have  had  some  experience  with  sailing  vessels  built  in 
the  early  part  of  the  last  century. 

Though  Fulton's  achievements  were  not  at  first  thoroughly 
understood  nor  appreciated  by  his  countrymen,  and  though  he  has 
not  been  always  given  that  credit  which  he  deserves  by  foreign 
writers,  it  may  be  said  that  the  success  of  Fulton  in  the  practical 
establishment  of  Steam  Navigation  was  so  marked  an  event  in 
history,  that  since  his  death  his  memory  has  been  honored  by  the 
American  people  and  his  merits  generally  recognized  the  world 
over.  Of  him  there  have  been  scores  of  memorials  written;  and 
in  different  periods  of  our  history  Government  and  Merchant  ves- 
sels have  borne  his  name.  Other  substantial  marks  of  respect 
have  been  paid  to  his  memory.     Here,  in  New  York,  you  have 
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daily  remitiders  of  Tulton  in  tlie  "  Fulton  Ferry  '*  (which  he 
Btartedj  and  which  up  to  the  time  o£  the  construction  of  the 
Brookljn  Bridge  was  the  chief  means  of  transportation  between 
New  York  and  Brooklyn)^  and  ia  Fulion  Street  and  in  the  Fult^m 
Market.  But  while  there  is  actually  needed,  perhaps,  no  further 
expression  of  our  appreciation  of  his  greatness  to  keep  him  in  re- 
membrance, it  is  meet  that  we  should  at  last  erect  this  monnment 
to  his  memory.  As  engineers  we  feel  it  especially  incumbent 
upon  na  to  discharge  this  loving  duty< 

Toward  the  close  of  the  Eighteenth  Century ,  when  the  Steam 
Engine  had  but  lately  been  sent  forth  on  its  world-wide  mission 
by  its  master^  it  is  natural  that  the  thoughts  and  energies  of  many 
men  should  turn  to  the  application  of  so  marvellous  a  factor  for 
material  development — a  factor  fraught  with  such  practical  prom- 
ise. Connected  with  the  introduction  of  that  important  branch  of 
the  steam  engine's  application — Steam  Navigation— history  dis- 
closes a  cluster  of  inventors,  engineers  or  mechanicsj  of  different 
nationalities  {including  a  number  of  Americans  besides  Eohert 
Eulton)  of  varying  force  of  character^  originality,  mechanical  apti- 
tude and  business  ability* 

It  is  not  likely,  after  the  lapse  of  history,  when  the  merits  of 
the  different  men  who  attempted  to  construct  a  commercially  suc- 
cessful steamboat  have  been  thoroughly  sifted,  that  our  patriotism 
would  obscure  our  judgment,  and  that  we  should  laud  Fulton 
at  the  expense  of  others.  It  is  sufficient  to  say  that  Fulton  was 
aided  in  his  w^ork  by  the  efforts  and  partial  success  of  those  who 
had  gone  before  him,  and  by  the  general  scientific  knowledge  and 
engineering  experience  of  his  time,  as  weO  aa  by  the  acquaintanec' 
of  some  of  the  most  abh'  and  enterprising  men  who  w^ere  engaged 
in  the  solution  of  the  workFs  prolilems,  including  Watt  himself. 
He  had  also  the  financial  aid  and  the  friendship  of  liis  fellow- 
countryman,  Chancellor  Livingston,  much  in  the  same  way  tliat 
Watt  had  the  material  support  and  encouragement  of  Mr. 
Bonltom 

But  these  advantages  of  themselves  could  not  have  insured 
success,  which  was  the  result  of  Fulton^s  progxessive  and  cour- 
flgeous  spirit,  his  adaptive  and  resourceful  mind,  his  originality, 
practical  judgment  and  unremitting  labor. 

Without  doubt,  Ftilton  must  be  acknowledged  to  have  made 
that  valuable  contribution  to  the  world's  progress — the  com- 
mercial establishment  of  Steam  Navigation, 

The  claims  of  any  man,  of  any  Nation,  cannot  take  from  the  j 
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American  Engineer,  Fulton,  that  success  which  the  unanswerable 
logic  of  his  deeds  awards  him. 

"One  thing  is  forever  good: 
That  one  thing  is  success." 

When  rightly  used,  the  originative  faculty  is  the  glory  of  man- 
kind. It  is  only  by  scientific  discovery,  great  invention,  and  pro- 
gressive engineering  that  material  advance  can  be  made,  and 
ci\dlization  be  carried  onward.  For  man,  the  best  knowledge 
is  that  which  is  most  useful  to  him,  and  he  who  makes  successful 
mechanical  applications  and  improvements  is  a  world-wide  phi- 
lanthropist. 

The  grand  dreamer  in  Mechanics  bums  with  the  true  spirit 
of  progress.  Unfortunately,  from  habits  of  abstract  thought 
and  insufficient  amount  of  practical  experience — ^which  are  indeed 
almost  inseparable  from  his  genius — the  Mechanical  Seer  often 
is  unable  to  place  his  discovery  within  the  reach  of  himianity, 
and  it  therefore  frequently  remains  for  the  more  practical  in- 
ventor and  engineer  to  aid  him  in  interpreting  its  mechanical 
advantages  and  exhausting  its  commercial  possibilities. 

Our  present  conception  of  the  term  "  Invention  "  is  much  wider 
and  more  definite  than  in  the  past,  and  it  is  seen  to  be  more 
closely  connected  with  scientific  experiment  and  engineering 
efficiency  than  was  formerly  supposed.  The  Inventor  in  the 
truest  sense  of  the  terra  is  he  who,  besides  having  the  originative 
faculty,  possesses  wide  scientific  knowledge,  and  practical  skill 
in  the  design  of,  and  experience  with,  existing  forms  of  machin- 
ery. In  addition  to  these  qualities,  for  an  inventor  to  achieve 
commercial  success  with  his  invention,  there  must  be  a  natural 
demand  for  it;  and  he  must  possess  the  courage  and  perseverance, 
the  financial  means,  and  the  practical  ability  to  put  it  upon  a 
business  basis,  or  else  must  entrust  it  wholly  or  partly  to  the  hands 
of  others  to  do  so. 

The  necessity  for  all  of  these  qualities  becomes  greater  as  the 
machine  becomes  more  complex. 

It  is,  moreover,  now  thoroughly  appreciated  that  in  the  design 
of  machinery,  the  most  exacting  exercise  of  the  inventive  faculty 
is  required — inasmuch  as  here  the  mind  is  working  within  nar- 
rower limits  of  practicability  and  a  more  definiteness  of  thought 
and  fixity  of  attention  are  needed.  The  designer  is  approaching 
the  actual  construction,  and  further  on,  the  actual  operation,  of 
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the  nmchine*  Such  use  of  the  imagination  takes  the  most  sound 
am  J  disciplined  intellect;  and  the  eourage  and  character  of  the 
man  will  be  here  shown  in  the  results  of  his  work — ^whether  all 
the  details  of  development  have  been  worked  out,  or  whether  the 
macbinej  throngh  half-heartednesa  and  slip-shod  methods  on  the 
part  of  the  designerj  falls  short  of  its  possibilities. 

Generally  speakings  Ftilton's  claims  as  the  first  inventor  of 
the  practical  steamboat  cannot  be  dispnted^  sinoo  it  proved  its 
ntiUtj  in  actual  serWce.  As  a  ruie,  a  great  mechanical  invention 
13  the  outgrowth  of  the  combined  efforts  of  several  inventors  of 
more  than  one  Nationj  and  in  a  general  senae  maj  be  said  to  be 
common  scientific  knowledge;  but  to  the  man  who  actually  makes 
a  commercial  success  of  an  invention,  due  credit  always  must  be 
given.    Fulton  commercially  created  the  steamboat. 

There  can  be  no  doubt  of  Fulton's  power  of  originality,  which 
(besides  being  evidenced  by  hia  work  of  proportioning  the  ma* 
ehinery  to  the  hull  of  his  vessels,  and  by  the  improvements  which 
he  made  to  each  successive  boat  as  it  was  built),  may  be  seen  in 
the  work  of  his  whole  life,  which  was  in  great  part  taken  up  with 
invention  and  the  projection  of  plans  for  the  world's  welfare, 

Fulton  possesised  scientific  knowledge  and  practical  akUlj  was  a 
progressive  engineer,  and  his  great  work  in  the  establishment 
and  subsequent  improvement  of  the  mmmeroml  steamboat  was 
built  upon  a  firm  foundation. 

In  his  methods,  we  note  the  most  careful  procedure  and  the 
most  approved  ways  and  means  to  attain  the  results  desired*  He 
did  not  trust  to  vague  theory^  but  worked  out  all  details  and  thor- 
oughly tried  every  tiling  that  might  be  in  doubt  before  attempting 
to  introduce  it  into  actual  use. 

In  securing  the  confidence  and  aid  of  friends,  Fulton  may  be 
said  to  have  had  **  good  fortune,"  which  is  at  best  a  most  unsatis- 
factory and  indefinite  term-  but  all  other  requisites  for  the  com- 
mercial success  of  a  marked  and  timely  application  in  the  use  of 
the  steam  engine  Fulton  either  naturally  possessed  or  else  ac- 
quired by  his  industry- 
Let  us  not  pennit  our  knowledge  of  the  present  advanced  state 
of  Marine  Engineering  efficiency  and  practice  to  dim  our  con- 
ception of  Fulton's  great  work. 

Let  US  recognize  his  great  achievement. 

Let  lis  give  all  honor  to  I'ulton  who  by  his  courage^  energy  and 
detennination;  by  his  knowledge^  skill  and  practical  enterprise — 
through  combat  and  stress,  through  trial  and  lahor^  through  disr 
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couragement  and  inappreciation — overcame  opposition,  teat 
down  the  barriers  of  conservatism,  and  turned  cold  indifference 
into  fervid  enthusiasm,  and  sneering  ignorance  into  unfeigned 
wonder. 

As  one  possessing  the  power  of  invention — or  that  which  is 
often  its  practical  equivalent,  great  ability  as  a  progressive  en- 
gineer and  as  a  business  njian — Fulton  lives  in  the  fame  that  he 
so  justly  earned. 

I  have  dwelt  at  some  length  upon  Fulton's  share  in  the  intro- 
duction of  the  commercial  steamboat,  since  in  going  through  many 
old  memorials  and  records  of  his  achievements,  glowing  with 
appreciation  of  his  greatest  work  (to  which  memorials  and  records 
we  of  this  day  are  indebted  for  the  knowledge  of  the  detailed 
facts  and  circumstances  attending  Fulton's  life  and  labors),  one 
is  impressed  with  the  truth  that,  in  some  cases,  his  claims  as  the 
first  inventor  of  the  practical  steamboat  might  have  been  put 
forth  more  positively.  In  the  light  of  a  more  thorough  realiza- 
tion at  the  present  time  of  the  intimate  connection  between  the 
inventor,  the  progressive  engineer,  and  the  business  man — ^Ful- 
ton's genius  can  be  now  more  generally  discerned. 

Kobert  lulton  was  born  in  Lancaster  County,  Pennsylvania, 
in  1765.  At  an  early  age  he  evinced  talent  as  an  Artist,  and  by 
the  time  he  Was  21  had  achieved  such  success  in  painting  that 
he  was  able  to  buy  a  farm  for  his  widowed  mother.  On  the 
advice  of  friends,  he  then  went  to  England,  to  seek  aid  from  that 
famous  American,  Benjamin  West,  in  the  further  development 
of  his  talent  for  pointing.  After  studying  with  Mr.  West  for 
several  years,  Fulton  started  out  on  his  independent  career  as 
an  Artist. 

Soon  making  the  acquaintance  of  several  men  of  science  and 
mechanical  ability,  the  spirit  of  his  true  genius — that  of 
Mechanics — which  had  been  sleeping,  awoke  and  urged  him  on- 
ward to  the  fulfilment  of  his  destiny.  In  his  earliest  days,  Ful- 
ton's true  bent  had  asserted  itself.  As  a  boy  he  had  fashioned  a 
paddle  wheel  worked  by  a  crank  to  save  himself  and  his  compan- 
ions the  fatigue  of  poling  their  boat  in  their  youthful  fishing  trips 
on  the  Conestoga.  Moreover,  much  of  his  spare  time  as  a  lad 
had  been  spent  among  the  artisans  in  the  workshops  near  his 
home ;  and  before  adopting  the  career  of  an  Artist  he  had  learned 
the  trade  of  a  watchmaker. 

Seven  years  after  his  arrival  in  England,  we  find  Fulton,  then 
only  r*^  of  age,  thoroughly  impressed  with  the  idea  of  the 
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practicability  of  the  steamboat  to  which  so  much  of  his  best 
thoughts  and  energies  were  devoted  throughout  a  great  part  of 
the  remainder  of  his  life*  From  views  expressed  by  Fulton, 
about  this  time  (1793),  in  a  letter  to  Earl  Stanhope*  on  the  prac- 
ticability of  a  plau  for  Steam  Navigation — it  is  the  opinion  of 
competent  authorities  that  had  Fulton  been  given  the  opportunity 
to  then  test  such  views,  the  commercial  steamboat  would  have 
been  a  fact  ten  years  prior  to  the  puce  ess  of  the  Clebmoht 
which  was  launched  in  ItSOT. 

By  1705,  having  added  to  his  stock  of  mechanieal  knowledge, 
and  won  honors  as  an  inventor,  Fulton  w^as  a  Civil  Engineer  and 
was  writing  extensively  on  technical  subjects.  He  was  particu- 
larly interested  in  inland  navigation  and  appreciated  its  value  as 
a  means  for  the  internal  development  of  the  United  States. 

CroR^ing  the  channel  to  France^ — in  1797  he  formed  the  ac- 
fjuaintance  in  Paris  of  Mr.  ijarlow,  who  becanie  his  life-long 
friend.  At  this  time,  besides  pursuing  other  studies,  Fulton, 
gained  a  better  knowledge  of  mathematics  and  physics.  It  was 
while  in  Paris  that  Fulton  experimented  with  submarine  explo- 
sives and  torpedo  boats,  When  engaged  in  experimenting  with 
torpedoes,  a  man  possessing  such  practical  judgment  as  Fulton 
must  have  realized  that  these  weapons  could  never  prove  of  great 
value  as  long  as  the  ve&sel  using  them  was  dependent  on  the  wind, 
so  that  we  find  him  in  ISOl  again  turning  to  the  effort  to  make 
the  steamboat  a  Buccess, 

These  efftirts^  with  the  encouragement  and  active  co-operation 
of  his  friend  Chancellor  Livingston,  were  continued  at  different 
times,  both  in  France  and  England,  up  to  the  date  of  Fulton's 
return  to  the  United  States,  which  was  in  1806,  He  then  worked 
fteadily  on  his  great  project,  and  shortly  after  was  rewarded  with 
success. 

It  was  in  the  early  part  of  the  year  1S07  that  the  Clebmont 
— -fitted  with  one  of  Boulton  and  Watt's  engines  which  Fulton 
had  ordered  from  England  before  he  left  for  the  United  States — 
was  launched,  from  the  building  yard  of  Charles  Brown,  on  the 
East  Hudson*  At  one  o'clock^  on  the  seventh  day  of  August, 
1807 J  the  Cl££MOKT  began  her  first  trip  from  Kew  York  to 
Albany. 

In  a  letter  to  Mr.  Barlow,  Fulton  describes  this  memorable  trip* 
He  says; 

'*  Mjr  iteamboat  Tojage  t<5  Albanv  and  baoli  hfts  turned  out  rather  more  favor^ 
able  thiin  1  had  calculated.    The  distatve^  from  New  York  to  Albanj  is  one  hittk* 
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dred  and  fifty  miles  ;  I  ran  it  up  in  thirty-two  hours  and  down  in  thirty.  I  had 
a  light  breeze  against  me  the  whole  way,  both  going  and  coming,  and  the  voyage 
has  been  performed  wholly  by  the  power  of  the  steam  engine.  I  overtook  many 
sloops  and  schooners  beating  to  windward,  and  parted  with  them  as  if  they  had 
been  at  anchor.  The  power  of  propelling  boats  by  steam  is  now  fully  proved.  The 
morning  I  left  New  York  there  were  not,  perhaps,  thirty  persons  in  the  city  who 
believed  that  the  boat  would  ever  move  one  mile  an  hour,  or  be  of  the  least  utility  ; 
and  while  we  were  putting  off  from  the  wharf,  which  was  crowded  with  spec- 
tators, I  heard  a  number  of  sarcastic  remarks.  This  is  the  way  in  which  ignorant 
men  compliment  what  they  call  philosophers  and  projectors.  Having  employed 
much  time,  money,  and  zeal  in  accomplishing  this  work,  it  gives  me,  as  it  will 
you,  great  pleasure  to  see  it  fully  answer  my  expectations.  It  will  give  a  cheap 
and  quick  conveyance  to  the  merchandise  on  the  Mississippi,  Missouri,  and  other 
gre^t  rivers  which  are  now  laying  open  their  treasures  to  the  enterprise  of  our 
countrymen  ;  and  although  the  prospect  of  personal  emolument  has  been  some 
inducement  to  me,  yet  I  feel  infinitely  more  pleasure  in  reflecting  on  the  immense 
advantage  that  my  country  will  derive  from  the  invention,  .  .  ." 

This  voyage  estahlished  Steam  Namgation^  and  the  Clermont 
henceforth  made  regular  trips  between  New  York  and  Albany. 

The  Clermont  was  of  160  tons,  was  133  feet  long,  18  feet 
beam  and  7  feet  deep.  The  paddle  wheels  were  15  feet  in  diam- 
eter, with  buckets  4  feet  long,  with  a  dip  of  2  feet.  Later  her 
keel  was  lengthened  to  140  feet. 

Once  the  Steamboat  became  a  commercial  fact,  Fulton  was 
too  thorough  an  Engineer  to  consider  his  work  as  accomplished, 
but  immediately  began  to  remedy  all  defects,  which  materially 
increased  the  Clermont's  efficiency.  And,  as  each  new  boat 
Avas  put  iuto  service  on  the  Hudson,  she  was  an  improvement 
over  the  one  preceding. 

Chancellor  Livingston  was  still  associated  with  Fulton,  and  in 
1811  they  built  and  put  into  service  the  first  steamboat  on  the 
Mississippi,  which  was  named  Orleans. 

So  well  was  the  work  builded  by  Fulton  that  we  may  say  that 
in  its  basic  principles,  it  still  lives — ^greatly  developed  it  is  true, 
but  still  not  so  changed  that  anyone  could  venture  to  declare  that 
Fulton's  share  was  of  little  value. 

As  a  member  of  that  profession  which  Fulton  may  be  said  to 
have  founded — Marine  Engineering — I  feel  it  a  peculiar  honor 
for  me  to  pay  tribute  to  his  genius.  As  engineers  all  of  us  can 
learn  a  great  lesson  from  Fulton's  labors — that  of  progressive- 
ness — of  not  resting  content  until  the  full  measure  of  efficiency, 
within  the  limits  of  safety  and  economy,  has  been  obtained  from 
each  and  every  one  of  our  works,  which  is  the  true  test  of  their 
worth;  and  the  highest  honor  that  we  can  pay  to  his  memory 
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IS  for  US  to  endeavor  constantly  to  keep  the  profession  of  Engi- 
neering in  the  forefront  of  progress  and  thus  add  lasting  benefits 
and  blessings  to  the  world. 

The  engineer's  labors,  taken  in  connex;tion  with  the  advance 
of  science  and  its  marked  application  (which  are  themselves  often 
equivalent  to  Engineering  in  its  highest  expression),  form  the 
basis  of  all  material  success  in  both  Peace  and  War — of  all  social 
progress.  Perhaps  it  is  this  fact  of  the  Engineer  being  at  the 
basis  of  civilization  that  has  made  it  take  so  long  to  "  discover  ^' 
him,  hut  there  can  be  no  doubt  of  his  existence  now.  To-day 
there  is  a  word  ringing  around  the  world — it  is  engineeb. 
Thousands  of  eyes  are  turned  upon  him,  and  he  is  the  object  of 
the  closest  scrutiny.  Amidst  such  public  notice,  it  is  natural  that 
the  Engineer  should  be  far  more  conscious  of  what  is  required  of 
him  than  he  was  in  the  past;  and  he  is  at  present  regarding  him- 
self most  earnestly.  He  does  not  do  this  merely  to  dwell  with 
complacency  on  his  achievements,  nor  to  exaggerate  its  import- 
ance to  human  welfare  (though  he  may  take  a  proper  pride  in 
this);  but  he  is  subjecting  himself  to  the  fnost  searching  analysis 
to  get  a  fuller  realization"  of  his  duties  and  responsibilities  and 
to  thus  attain  to  the  greatest  possible  height  of  usefulness. 

The  modern  American  engineer  is  wedded  to  the  business 
world,  is  an  industrial  leader,  and  is  a  true  political  economist. 
He  is  vitally  connected  with  the  efficiency  of  military  organiza- 
tions, holds  a  high  place  in  the  Army  or  Navy,  and  is  particularly 
fitted  to  understand  and  apply  the  principles  of  War. 

Fulton  was  a  member  of  the  original  family  of  American 
Engineers,  and  the  American  engineer  of  the  hour  is  his  direct 
descendant.  Fulton  wa«  an  engineer  of  character,  mindful  of  his 
duty  and  responsibility;  an  engineer  who  strove  to  promote  the 
welfare  of  his  country  in  Peace  and  War;  an  engineer  who  real- 
ized the  importance  of  the  organization  and  efficiency  of  men 
as  well  as  of  machines;  an  engineer  who  regarded  industrial  rela-. 
tions  from  the  viewpoint  of  a  practical  business  man;  and  an 
engineer  whose  dominating  purpose  was  to  promote  the  Peace 
and  prosperity  of  the  whole  world  and  to  increase  the  stability 
and  means  for  defence  of  his  own  country;  but  an  engineer  who 
did  not  permit  his  lofty  conceptions  of  universal  brotherhood 
and  happiness  to  obstruct  that  practical  habit  of  thought  and 
course  of  action  which  are  necessary  if  prolonged  hostilities  are 
to  be  avoided,  and  if  material  benefit  is  to  be  bestowed  upon  the 
majority  of  men. 
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But  Fulton  was  also  a  distrnguiaJied  member  of  the  original 
family  of  American  engineers.  Fulton  was  an  engineer  of  excep- 
tional courage,  foresight,  and  mechanical  and  business  ability, 
which  enabled  liim  to  achieve  great  success.  As  such,  he  was  a 
Great  Man,  a  Great  American,  and  a  Great  Engineer. 

To  Fulton  belongs  the  honor  not  only  of  having  constructed 
the  first  commercially  successful  steamboat  for  purposes  of  com- 
merce, but  of  having  built  the  first  steam  war  vessel  in  the  his- 
tory of  the  world.  She  was  the  Demologos,  afterward  called 
Fulton  thb  Fibst.  Her  keel  was  laid  on  June  20,  1814,  in 
this  City;  and  she  was  launched  October  29  in  the  sight  of  thou- 
sands of  spectators.  Difficulties  in  procuring  labor  and  the  un- 
timely death  of  Fulton  on  February  24,  1815,  caused  serious 
delays  in  the  completion  of  the  Demologos.  On  her  first  trial 
trip  in  June,  1815,  the  soundness  of  Fulton^s  views,  and  the 
fact  that  a  heavy  floating  battery  could  be  propelled  by  steam, 
were  established.  Her  two  subsequent  trials  further  demon- 
strated her  success,  her  speed  exceeding  Fulton's  guarantee  to  the 
Government.  Peace  being  declared,  there  was  no  opportunity 
to  test  the  vessel  in  actual  combat,  and  the  Demologos  was  sent 
to  the  Brooklyn  Navy  Yard  for  a  receiving  ship,  remaining  there 
until  June  18,  1829,  on  which  date  she  was  blown  up  either  by 
accident  or  design. 

The  Demologos  was  a  double-ended,  twin-hulled  floating  bat- 
tery of  2,475  tons,  carrying  twenty  32-pounder  guns,  protected 
by  4  feet  10  inches  of  solid  timber.  These  guns  were  to  fire  red 
hot  balls.  The  machinery  was  calculated  for  the  addition  of  an 
engine  to  discharge  an  immense  column  of  water,  intended  to  be 
thrown  upon  the  decks  and  all  through  the  ports  of  an  enemy. 
In  addition  to  all  this,  two  lOO-pounder  columbiads  were  to  be  sus- 
pended from  each  bow,  so  as  to  discharge  a  ball  of  that  size  into 
an  enemy's  ship,  10  or  12  feet  below  the  water  line.  It  is  not 
surprising  that  she  was,  in  her  day,  described  as  being  "  the  most 
formidoMe  engine  of  warfare  that  human  ingenuity  has  con^ 
trivedJ^^  The  Demologos  was  driven  by  a  single  central  paddle 
wheel;  her  speed  was  4  1-2  miles  per  hour;  and  she  was  both 
handy  and  seaworthy. 

The  following  extract  from  a  Scotch  newspaper  is  an  amusing 
example  of  the  exaggerative  accounts  of  the  Demologos,  which 
were  scattered  broadcast.  "  Iler  length,"  says  the  writer,  "  on 
deck  is  300  feet;  breadth  200  feet;  thickness  of  sides  13  feet,  of 
alternate  oak  plank  and  cork  wood;  carries  44  guns,  4  of  which 
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are  100-pounders;  and  further  to  annoy  an  enemy,  attempting  to 
board,  can  discharge  100  gals,  of  boiling  water  in  a  minute,  and 
by  mechanism  brandishes  300  cutlasses  with  the  utmost  regu- 
larity over  the  gunwales;  works  also  an  equal  number  of  heavy 
iron  pikes  of  great  length,  darting  them  from  her  sides  with  pro- 
digious force  and  withdrawing  them  every  quarter  of  a  minute." 

As  Americans  we  can  all  look  upon  the  first  steam  war  vessel  of 
the  world  with  especial  pride,  and  we  can  note  with  gratification 
that  the  vessels  of  our  Navy  to-day  are,  ton  for  ton  and  gun  for 
gun,  equal  to  those  of  any  !N^avy  afioat.  If  it  were  possible  for 
Fulton  to  have  lived  for  such  a  length  of  time,  he  would  share 
with  us  in  our  pride;  and  we  can  imagine  what  his  thoughts  and 
feelings  would  have  been  at  the  splendid  achievements  of  the 
Oregon. 

.  There  is  li\dng  in  New  York  to-day,  a  veritable  veteran  of  the 
engineering  profession,  who  as  a  boy  saw  the  Clermont  and 
the  Demologos,  and  who  as  a  young  man  was  the  designer  of 
the  machinery  of  the  Second  War  steamer  of  the  United  States, 
which  was  called  Fulton  the  Second.  He  was  also  the  first 
engineer  oflicer  to  be  appointed  in  our  Navy,  and,  later,  he  had 
the  honor  to  become  Engineer-in-Chief.  To  bridge  such  a  period 
of  History  and  to  have  played  so  important  a  part  in  it,  is  a  priv- 
ilege which  comes  to  very  few  of  us — but  this  privilege  has  come, 
as  most  of  you  know,  without  the  telling,  to  Mr.  Charles  H. 
Haswell. 

When  reviewing  the  world's  progress  during  the  Nineteenth 
Century,  we  see  that  its  grandest  glory  was  gained  by  the  Steam 
Engine^  which  has  been  styled  its  "  Hero.''  The  work  of  the 
stationary  steam  engine  is  epitomized  in  the  phrase  "  increased 
production  y "  and  the  work  of  the  locomotive  steam  engine  on 
both  land  and  sea  is  epitomized  in  the  phrase  "  increased  distri- 
bution.^^ 

With  these  two  phrases,  the  history  of  the  material  progress 
of  the  world  may  be  said  to  be  written. 

The  Steam  Engine  sung,  in  mighty  deeds,  the  "  Song  O' 
Steam,"  throughout  the  Nineteenth  Century,  and  at  its  close  a 
vigorous  poet  caught  up  the  dominant  note  of  his  age  and,  in  vivid 
tones,  set  it  to  swelling  and  echoing  to  every  corner  of  the  earth. 

The  duty  and  destiny  of  America  for  the  greater  part  of  the 
Nineteenth  Century  was,  as  my  hearers  well  know,  that  of  internal 
expansion  and  development.  The  practical  establishment  of 
Steam  Navigation  by  Fulton  and  its  further  improvement  by 
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the  many  Engineers  who  followed  him — chief  among  whom  in 
this  Country  was  the  great  Robert  L.  Stevens,  son  of  the  famous 
Colonel  John  Stevens — played  a  vital  part  in  this  development. 
In  the  true  destiny  of  the  Country  the  side-wheel  steamer  found 
its  true  destiny;  and  throughout  the  past  Century  nobly  met 
the  needs  of  the  Nation.  On  our  deep  sounds  and  reaching  rivers 
there  ply  to-day  numberless  descendants  of  the  Clermont — 
highly  efficient  and  finely  equipped — carrying  swiftly  to  their 
destination  both  passengers  and  the  burdens  of  conunerce. 

To-day  the  duty  and  destiny  of  the  Nation  is  for  a  greater 
expansion  and  development;  and  the  hopes,  thoughts  and  interests 
of  the  people  are  turning  toward  far  away  Islands — and  toward 
the  commerce  of  the  seas.  If  the  American  Inventor  or  En- 
gineer does  his  part  in  the  solution  of  the  problems  of  the  present 
Century  as  well  as  Fulton  did  his  part  in  the  solution  of  the  prob- 
lems of  the  past  Century, — there  need  be  no  fear  for  the  con- 
tinued growth  and  prosperity  of  the  Nation. 

We  see  in  Fulton  all  the  qualities  that  make  for  the  success  of 
America — character,  courage,  perseverance,  energy,  enterprise 
and  skill.  We  see  in  Fulton  the  true  American  spirit — a  high, 
hopeful,  progressive,  liberty-loving  and  practical  spirit. 

Fulton  was  high  minded  and  generous;  and  he  was  true  to  his 
friends  in  their  adversity.  He  was  noted  for  his  amiable  dis- 
position and  genial  hospitality.  It  was  said  of  him  that  he  was 
"  a  gentleman  in  mind  and  manners.''  He  was  a  man  of  refined 
tastes,  and,  besides  his  active  efforts  during  the  most  of  his  life- 
time for  the  promotion  of  the  Mechanic  Arts,  it  was  his  endeavor 
to  foster  a  love  for  the  Fine  Arts,  and  failing  in  his  project  to 
establish  an  Art  Gallery  in  America,  he  bequeathed  to  our  Gov- 
ernment at  his  death,  two  of  West's  masterpieces  which  were  his 
most  prized  and  valued  possessions. 

In  closing,  it  is  fitting  to  reiterate  that  as  an  Inventor,  Fulton 
earned  the  highest  crown  that  he  could  earn — success^  and  his 
name  should  be  honored  by  all  inventors.  As  an  Engineer,  Ful- 
ton did  all  that  he  could  do  to  promote  the  welfare  of  the  world, 
and  his  name  should  be  honored  by  all  engineers.  As  an  Amer- 
ican, Fulton  was  a  true  type  and  gained  glory  for  his  country,  and 
his  name  should  be  honored  by  all  Americans. 

As  such,  Robert  Fulton  was  a  Great  Engineer,  a  Great  Amer- 
ican and  a  Great  Man ;  his  memory  should  be  respected  the  world 
over,  and  his  name  ever  revered  by  our  people. 
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ADDBESS  OF  COMMODORE  B.  F.  ISHEEWOOD, 
UNITED  STATES  NAYY. 


On  the  present  occasion^  the  character^  the  career^  and  the 
aehievements  of  Robert  Fulton^  will  be  eloquently  described,  and 
in  sufficient  detail,  by  others,  who  will  do  ample  jnatice  to  hia 
nanie  and  fanjp.  The  extent  and  preclusion  of  his  mental  vmv>% 
his  sagacity  and  peraeTeranee,  and  the  importance  of  the  crown- 
iDg  fiuceess  of  his  life^  will  be  treated  by  them  with  the  elabora- 
tion due  to  hia  genius.  He  is  one  of  the  few  who  can^  in  all 
respects,  be  held  up  not  only  for  admiration  but  also  for  imitation, 
as  uniting  in  himself  those  qualities  of  hearty  and  those  powers 
of  headj  whiehj  in  all  ages  and  in  every  clime  have  been  held  to 
constitute  the  ideal  of  manhood. 

But  quite  apart  from  his  individuality,  and  quite  apart  from 
any  estimate  of  the  intellectual  value  of  his  invention,  there  must 
be  considered  the  immense  service  he  rendered  to  mankind  by 
accomplishing  the  commercially  successful  introduction  of  steam 
navigation.  Others,  preceding  hirai  may  have  entertained  in 
a  vague  and  impracticable  way  the  idea  of  propelling  vessels  by 
I  steam  power;  but  there  remained  for  him  alone  the  splendid 
triumiih  of  practical  success,  of  clear  definite  foresight,  of  die- 
tinct  knowledge  of  details,  and  of  proper  adaptation  of  means  to 
the  end*  There  is  an  immense  difference  between  dreaming  and 
realizing  dreams,  between  the  incomplete  and  hai^y  conception 
of  an  idea,  and  its  tangible  application  for  the  production  of  a 
clearly  defined  material  purpose,  between  the  grasp  and  power 
of  real  genius  aided  by  practical  knowledge,  and  the  weak,  cloudy 
aspirations  of  uninformed  imagination.  To  the  world  at  large, 
the  importance  of  the  one  is  immense,  and  the  value  of  the  other 
is  nothing*  Such  is  the  difference  between  the  state  of  the 
subject  of  steam  navigation  as  it  came  to  Fulton  and  as  it  left 
his  hands. 

In  conformity  with  a  universal  law  of  natural  development, 
the  invention  of  the  steamboat  could  not  have  been  made  much 
earlier  than  it  was.  Obviously,  the  steam  engine  had  to  be  pre- 
viously not  only  invented,  but  it  bad  to  undergo  successive  modi* 
fications  of  form  and  details  before  it  could  be  used  as  a  motor 
in  navigation.  Further,  the  took  and  processes  for  the  manu* 
facture  of  the  steam  engine  had  to  be  invented  as  their  necessity 
became  apparent  by  experience  during  the  successive  improve- 
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ments  of  the  latter.  If,  during  the  earlier  period  referred  to, 
complete  working  drawings  could  have  been  made  for  a  modern 
steamer — hull  and  machinery — the  execution  of  the  work  would 
have  been  impossible;  the  low  state  of  the  contemporary  indus- 
trial arts  would  have  precluded  even  an  attempt.  Newcomen, 
Watt,  and  their  immediate  successors  in  steam  engineering  had 
necessarily  to  precede  Fulton.  The  success  of  the  latter  was 
only  possible  after  the  success  of  the  former.  A  Boulton  and 
Watt  steam  engine  manufactured  in  England  caused  the  success 
of  the  Clermont  in  America.  Mechanical  science  and  art  in 
their  various  departments  have  always  had  to  advance,  and  will 
always  have  to  advance  abreast,  simultaneously  as  it  were,  and  no 
great  development  can  be  effected  in  any  one  particular  depart- 
ment without  an  equal  development, pari  passu,  in  all  the  others; 
and  this  statement  remains  as  incontrovertible  at  the  present  time 
as  during  the  long  history  of  the  progress  of  the  human  race. 
In  the  case  of  the  steamboat,  there  were  peculiar  difficulties  to 
be  overcome.  The  boat  had  to  carry  the  machinery  and  fuel 
necessary  to  propel  it,  which,  in  connection  with  the  weight  of 
the  hull,  left  so  little  of  space  and  displacement  commercially 
available,  that  only  the  prescience  of  real  genius  could  foresee 
a  possible  success.  The  difficulties  in  question  remain  to  the 
present  hour,  and  if  they  have  been  overcome  to  a  degree  never 
hoped  for  by  Fulton  in  his  wildest  dreams,  the  success  is  due  to 
the  steady  advance  of  the  industrial  arts  and  processes,  which 
have  given  to  the  Xaval  Architect  and  to  the  Mechanical  Engineer 
tools  and  material  whose  invention  required  in  their  turn  genius 
and  knowledge  as  great  as  that  which  in  the  primitive  age  of 
steam  engineering  produced  the  steamboat  of  Fulton.  Fulton's 
problem  was  entirely  different  from  the  use  of  steam  as  a  motor 
on  land,  and  his  great  merit  was  that  he  understood  this  difference 
and  successfully  coped  with  its  difficulties. 

These  observations  do  not  in  the  least  detract  from  Fulton's 
deservedly  high  reputation.  The  greatest  inventions  are  but  the 
crests  of  mighty  waves  of  slowly  accumulating  knowledge,  and 
depend  for  final  success  on  the  conjoint  influence  of  a  vast 
variety  of  causes  impossible  for  any  intelligence  to  anticipate. 
The  invention  must  not  only  be  right  in  itself,  but  it  must  appear 
at  the  right  time  and  under  the  right  circumstances. 

In  these  respects,  Fulton  was  singularly  fortunate.  The  talents 
of  Newcomen,  Smeaton,  Watt,  and  their  immediate  successors, 
had  produced  the  necessary  motor — the  steam  engine — in  Eng- 
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land,  and  Nature,  in  America,  had  produced  the  noble  rivers 
and  haya  whose  broad  surfaces  of  placid  water  fiirnlshec!  the 
proper  locale  for  the  steamboat  in  its  primitive  state  of  rude 
construction. 

At  thiB  period  the  steamboat  conld  not  have  been  introduced 
with  commercial  success  in  any  other  country  tlian  America. 
Por  ocean  navigation  it  was  at  that  time  entirply  unfit,  and  had 
not  America  presented  the  proper* conditions  for  its  appearance 
in  its  state,  at  that  time  its  advent  would  have  been  postponed  to  a 
much  later  period.  But,  e\'identlyj  sooner  or  later,  had  Fulton 
never  existed,  the  steamboat  would  have  been  produced.  That  a 
steam  engine  would  not  have  been  placed  in  the  hull  of  a  vessel  for 
its  propulsion,  is  nntlrinkable  when  the  universal  application  of 
steam  enjg^ines  for  the  doing  of  all  kinds  of  work  imder  all  kinds 
of  conditions  is  considered.  If  the  cireumstanees  do  not  make  the 
man,  they,  at  least,  permit  him  to  appear;  and  that  he  prove 
himself  equal  to  a  great  occasion  is  a  great  distinction  in  itself. 
Without  Fulton,  the  steamboat  would  finally  have  been  invented, 
butj  as  the  first  in  the  field,  his  name  is  justly  and  iraperishably 
associated  with  it.  His  talents  added  wings  to  the  car  of  time 
and  expedited  the  slow  developments  of  nature;  be  forced  the 
appearance  at  an  earlier  period,  and  greatly  to  the  benefit  of 
mankind,  of  what  would  certainly  have  appeared  much  later  by 
the  more  sluggish  operations  of  feebler  causes. 

The  steamboat,  therefore,  is  peculiarly  American,  and  be  the 
modifications  what  they  may  which  the  advance  of  the  indnstrial 
arts,  and  the  change  in  commercial  conditionsj  have  made  in  it, 
the  steamboat  of  Fulton  remains  forever  the  type,  and  his  name 
win  be  associated  with  it  as  long  as  vessels  are  propelled  by  steam. 

From  the  primitive,  small,  and  nidely  built  wooden  steamboat 
of  Fulton,  capable  of  slowly  navigating  only  smooth  water  for 
short  distances,  to  the  huge  and  elaborately  constructed  steel 
transoceanic  steamers  navigating  the  stormiest  seas  at  compara- 
tively enormous  speed,  carr>"ing  the  people  and  the  products  of 
one  continent  to  another,  increasing  the  wealth  and  happiness  of 
all,  and  spreading  civilization,  art,  science,  and  intelligence 
throughout  the  world,  with  hope  at  the  helm  and  at  the  prow,  the 
holy  group  of  peace,  good  will,  and  mercy,  the  gap  seems  great 
indeed:  but  it  lias  been  filled  by  successive  generations  of  Naval 
Architects  and  Engineers,  elaborating  and  perfecting  the  ideas 
of  Fulton.  Where  Nature  seemed  to  intend  eternal  separation 
by  the  interpoaitions  of  oceans,  Art  has  made  union  practicable,  so 
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that  the  blending  into  one  harmonious  mass,  of  different  and  dis- 
cordant races  by  means  of  the  easy,  cheap  and  rapid  transporta- 
tion furnished  by  the  steamship,  seems  no  longer  to  be  an  iri- 
descent dream  but  a  possible  reality.  If  the  greatness  of  an 
invention  be  measured  by  the  benefits  it  confers  upon  the  world, 
the  steamboat  of  Fulton  must  be  placed  in  the  first  class  of  the 
catalogue. 

We  have  met  to  erect  a  memorial  to  Fulton,  and  to  show  our 
appreciation  of  the  man,  his  genius,  and  his  services.  The  event 
honors  us,  he  does  not  need  our  effort.  Wherever  a  steamer 
floats,  there  is  a  moniunent  to  Kobert  Fulton. 


EULOGY  ON^  KOBEKT  FULTON,  ARTIST,  ENGINEER, 
INVENTOR  AND  PATRIOT. 

By  Robert  H.  Thurston. 

"Let  us  pass  in  review,  the  great  founders  of  modem  science  and  then  creators 
of  industry,  the  Keplers  and  the  Fultons,  and  we  shall  be  struck  by  the  idealistic 
and  even  Utopian  tendency  peculiar  to  them.  They  are  in  their  way  dreamers, 
artists,  poets,  controlled  by  experience." 

Quotation  by  General  Walker  from  the  French. 

Members  of  the  A.  S.  M.  E.  and  Friends :  The  genius  of  Robert 
Fulton,  in  its  highest  and  most  impressive  aspect  has  seldom 
been  fully  recognized  and  appreciated,  even  by  those  who  have 
most  admired  the  man;  the  moral  and  the  spiritual  side  of  his  char- 
acter has  never  received  adequate  recognition  and  exposition  by 
any  one  of  his  most  enthusiastic  memorialists.  His  versatile  and 
active  mind  and  liis  skilful  hands  were  always  engaged  in  some 
useful  and  worthy  task;  but  it  is  not  his  admirable  portraiture, 
nor  his  inventions  nor  even  his  most  famous  deeds  that  constitute 
his  highest  claim  to  our  admiration  and  to  eulogy.  He  was  an 
artist  but  his  paintings  were  eclipsed  by  those  of  his  friend  and 
helper  Benjamin  West;  his  fame  was  overshadowed  by  that  of 
the  greater  artistic  genius.  He  was  an  inventor;  but  his  inven- 
tions have  been  almost  forgotten  and  his  fame,  in  the  popular 
mind,  at  least,  is  based  upon  his  work  in  the  utilization  of  the 
inventions  of  others  or  previously  anticipated  devices.  He  led 
the  way  to  inconceivable  gains  to  his  country  and  to  the  world; 
yet  his  highest  aspirations  for  his  country  and  the  world  have 
never  been  realized,  and  his  ambition,  where  most  earnest  and 
tense,  has  never  seen  fruition.    Generally  supposed  to  have  been 
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a  great  inventor,  his  inventions  have  sunk  into  oblivion;  popu- 
larly considered  only  an  inventor,  his  talent  as  artist  is  forgotten, 
while  the  devices  upon  which  his  fame  as  inventor  has  actually 
arisen  were  neither  original  nor  novel.  A  talented  artist,  he  is 
unknown  as  such;  a  skilful  engineer,  his  engineering  work, 
mainly  on  canals  and  bridges,  is  forgotten;  a  prolific  inventor,  we 
hear  little  of  his  most  important  inventions  and  much  of  his 
assumed,  but  erroneously  assumed,  original  work.  A  patriot  and 
inspired  with  the  highest  and  noblest  patriotism,  his  aspiration 
to  compel,  by  his  inventions,  a  cessation  of,  at  least,  naval  wars 
and  ^^  to  assure  to  all  men  of  all  nations  the  freedom  of  the  seas  '^ 
has  never  been  understood,  or  perhaps  even  heard  of,  by  the  mass 
of  his  fellow-citizens  or  by  later  generations.  Fulton's  fame  is 
not  only  deserved;  it  is  worthy  of  vastly  broader  and  higher 
recognition  than  it  has  ever  gained  or  is  ever  likely  to  receive; 
but  it  has  a  basis,  rightfully,  in  quite  other  and  higher  considera- 
tions than  those  popularly  assumed. 

It  is  to  this  inventor  whose  inventions  are  unknown,  this  artist 
whose  paintings  are  never  recognized,  this  engineer  whose 
achievements  in  his  profession,  whose  public  works,  have  passed 
into  oblivion,  this  patriot  whose  labors  and  aspirations  for  the 
highest  interests  of  the  country  and  for  the  unity  of  the  nations 
are  known  to  few  and  comprehended  by  fewer  of  his  countrymen, 
that  we  are  here  now  to  render  tribute. 

Robert  Fulton  inaugurated  the  application  of  steam  power  to 
the  purposes  of  marine  transportation,  established  permanently 
steam  navigation  in  all  waters,  "  reduced  to  practice  ''  a  system 
of  applied  energetics  to  which  inventors  of  all  ages  and  of  all 
lands  contributed;  leaving  to  this  great  American  engineer  the 
privilege  of  combining  all  existing  knowledge  and  earlier  inven- 
tion into  one  practicable  and  successful  construction. 

Hero  of  Alexandria  led  the  way  with  a  steam-turbine  and  a 
steam-fountain;  the  Marquis  of  Worcester  applied  to  useful  pur- 
poses the  toy  of  the  Greek;  Captain  Savery  perfected  the  steam- 
fountain  of  that  noble  inventor;  Newcomen  and  Galley  displaced 
the  steam-fountain  by  the  modern  train  of  mechanism  which  is 
properly  called  an  engine;  Watt  improved  the  steam-engine,  crude 
and  wasteful,  in  its  first  form,  by  adding  the  essential  features 
of  the  steam-engine  of  the  nineteenth  century,  giving  it  its  con- 
denser, its  regulator,  its  expansion-gear  and  its  double-acting 
form;  making  it  capable  of  turning  a  shaft,  of  driving  a  mill,  of 
impelling  the  railway  train  or  a  steamboat. 
97 
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Long  before  Fulton  and  long  before  Watt  the  steamboat 
had  been  conceived  by  the  earlier  inventors  or  dreamers.  The 
ancients  had  used  the  paddle-wheel;  Homer  had  dreamed  of  the 
marvellous  ship  "  self-moved,  instinct  with  mind." 

"  We  use  nor  Helm  nor  Helmsman.    Our  tall  ships 
Have  Souls,  and  plow  with  Reason  up  the  deeps; 
All  cities,  countries  know,  and  where  they  list, 
Through  billows  glide,  veiled  in  obscuring  Mist; 
Nor  fear  they  Rocks,  nor  Dangers  on  the  way." 

(Ogilby's  Odyssey.) 

Roger  Bacon  had  predicted  the  use  of  steam  in  navigation  500 
years  before  Fulton:  "Instruments  may  be  made  by  which  the 
largest  ships,  with  only  one  man  guiding  them,  will  be  carried  with 
greater  velocity  than  if  they  were  full  of  sailors.''  Jonathan 
Hulls  patented  his  steamboat  in  1637  and  is  said  to  have  reduced 
the  invention  to  practice.  Papin,  famous  man  of  science,  built 
his  awkward  steamboat  in  1707;  Fulton  made  his  successful  trip 
from  New  York  to  Albany  in  1807,  after  Rumsey  and  Fitch  and 
Stevens  and  others  had  made  working  and  mechanically  success- 
ful steamboats. 

But  while  Fulton  did  not  invent  the  steamboat  nor  any  one 
detail  of  the  construction  of  hull  or  machinery  of  his  Clermont 
he  did  what  no  man  had  previously  accomplished:  he  inaugurated, 
with  the  inventions  of  other  great  mechanics,  the  modern  system 
of  steam  navigation.  He  established  commercially  and  perma- 
nently successful  steam  transportation  lines  on  the  Hudson  River 
and  on  Long  Island  Sound;  he  introduced  the  steam  ferry-boat . 
and  established  Fulton  Ferry  and  other  steam  ferries  about  New 
York;  he  organized  the  steamboat  lines  on  the  Connecticut  and 
on  Long  Island  Sound  and  led  the  way  in  confirmation  of  the 
prediction,  made,  in  1798,  by  "  poor  John  Fitch,''  who,  finding 
a  tomb  on  the  banks  of  the  Ohio,  desired  that  he  might  lie  "  where 
the  song  of  the  boatman  would  enliven  the  stillness  of  his  resting- 
place  and  the  music  of  the  steam-engine  soothe  his  spirit." 

Fulton  first  applied  steam  propulsion  to  a  naval  vessel  of,  for 
the  time,  great  magnitude,  and  powerful  for  both  offence  and 
defence,  and  built,  as  his  last  offering  to  his  country,  the  "  Fulton 
the  First."  He  led  the  way  toward  the  construction  of  the 
modem  merchant  and  naval  fleets  of  the  world  and  made  com- 
merce between  nations  and  rapid  communication  between  the 
ends  of  the  earth  independently  of  the  winds  a  realized  dream. 
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His  greatest  aspiration,  the  absolute  freedom  of  the  seas  to  all 
nations  and  to  all  men,  has  been  nearly  accomplished,  though  not 
by  Fulton's  plan  of  driving  all  warring  fleets  from  the  ocean  by 
peril  of  submarine  foes,  but  rather  by  the  gradual  recognition  of 
the  rights  of  neutrals  and  non-combatants;  while  the  perfection  of 
his  idea  of  a  submarine  craft,  such  as  he  actually  and  successfully 
built  and  operated  a  century  ago,  was  left  to  the  Hollands  of 
our  own  time;  who  are  rendering  concrete  the  fancy  of  Jules 
Verne  and  the  dream  of  Captain  Nemo. 

A  rapid  outline  of  the  life  and  work  of  this  still  unappreciated 
artist,  inventor,  engineer  and  patriot  may  fitly  preface  our  feeble 
eulogy  of  the  still  greater  man: 

Kobert  i  ulton  was  a  Pennsylvanian,  born  on  the  banks  of  the 
Conestoga,  in  1765,  and,  later,  a  friend  of  Benjamin  West,  the 
artist,  of  William  Henry,  the  would-be  inventor  of  steamboats, 
of  Thomas  Paine,  the  man  of  "  Common  Sense,"  and  the  revolu- 
tionary patriot,  and  of  Joel  Barlow  and  Chancellor  Livingston, 
great  x\merican  statesman.  West  encouraged  the  boy  to  cultivate 
his  talent  as  artist  and  draughtsman;  Henry  interested  him  in 
the  construction  of  steamboats;  Paine  inculcated  a  noble  patriot- 
ism and  Barlow  and  Livingston  aided  the  young  inventor  in  the 
perfection  of  his  designs  and  the  utilization  of  legislative  action 
in  their  introduction.  At  the  close  of  the  eighteenth  and  the 
beginning  of  tlie  nineteenth  centuries,  Fulton  was  in  England 
and  France  seeking  the  patronage  of  the  governments  of  Great 
Britain  and  France  for  his  inventions  of  various  improvements  in 
the  apparatus  of  canals,  in  submarine  navigation  and  in  the  con- 
struction of  steamboats.  He  published  a  work  on  canals,  in  which 
he  described  his  improvements,  in  both  England  and  France. 
Copies  may  still  be  occasionally  found  by  the  antiquarian, 
both  in  English  and  in  French.  While  in  France,  he  built  a 
steamboat,  in  i  803,  and  finding  the  results  of  his  first  experiment 
promising,  arranged  for  a  repetition  on  a  much  larger  scale  when 
he  should  later  return  to  the  United  States.  He  ultimately,  suc- 
ceeding more  than  satisfactorily,  gave  his  life  to  the  work  of 
promoting  steam  navigation. 

Fulton  lost  no  opportunities  to  study  the  work  of  others,  ap- 
parently. It  is  asserted  by  almost  every  mechanic  experiment- 
ing at  about  this  time  in  the  same  field  of  invention  and  con- 
struction, or  by  their  friends,  that  Fulton  visited  and  inspected 
the  work  of  these  inventors,  and  it  is  not  infrequently  claimed 
that  he  made  use  of  their  ideas  and  even,  as  one  inventor  of  less 
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success  phrased  it,  "  stole  the  invention."  It  can  hardly  be 
doubted  that  Fulton  was  intensely  interested  in  the  subject 
from  boyhood  or  that  he  had  unusual  opportunities  to  become 
familiar  with  the  contemporary  work  of  the  naval  constructor 
and  engineer.  He  was  eighteen  or  nineteen  years  old  when 
his  friend  and  patron,  William  Miller,  of  Lancaster,  Pennsyl- 
vania, was  experimenting  with  a  model  steamboat  on  the  Cones- 
toga  River  and  could  hardly  have  failed  to  have  been  interested, 
and  intelligently  interested,  in  those  experiments.  He  was 
between  twenty  and  twenty-five  when  the  work  of  John  Fitch, 
who  traversed  thousands  of  miles  and  carried  thousands  of  pas- 
sengers on  the  Delaware  between  1785  and  1792  or  later.  He 
was  over  thirty  when  Fitch  placed  his  screw-propelled  steamboat 
on  Collect  Pond  in  New  York.  James  Rumsey  exhibited  his 
steamboat,  with  its  hydraulic  propeller,  to  Washington,  1786, 
and  worked  as  earnestly  as  did  Fitch,  all  through  the  last  quarter 
of  the  eighteenth  century,  to  introduce  his  particular  form  of 
steamboat,  dying,  finally,  in  London  in  1793  while  on  this  mis- 
sion abroad.  D'Auxiron,  Jouffroy  and  others  in  France  were 
engaged  during  this  same  period  and  earlier,  in  similar  experi- 
ments in  France;  and  Miller,  Taylor  and  Symington  were  con- 
temporaneously developing  the  steamboat  in  Great  Britain.  All 
this  work  was  not  simply  publicly  known  but  was  widely  adver- 
tised, with  extravagant  claims,  often,  of  successful  performance, 
and  the  whole  civilized  world  was  awake  to  the  importance  of 
the  development  of  steam  navigation.  Morey's  friends  claim 
that  Fulton  saw  his  experiments  at  Oxford  and  the  friends  of  the 
British  mechanics  assert  that  he  utilized  their  ideas  after  a  visit 
to  study  their  experimental  craft.  All  this  may  be  entirely  true 
and  is  not  at  all  improbable;  but  it  derogates  nothing  from  the 
credit  due  the  great  pioneer  in  the  reduction  of  the  invention 
and  its  accessory  devices  to  a  permanent  and  universal  practice. 
Fulton  was  in  no  degree  dependent  upon  any  other  engineer  or 
constructor  for  his  success.  He  simply  took  a  Boulton  and  Watt 
engine  to  America  and  set  it  up  in  a  New  York  builder's  hull 
and  went  his  way,  astonishing  the  world  and  setting  a  fashion 
that  has  never  since  gone  out.  His  triumph  was  that  of  science 
and  professional  learning  over  amateurs  and  untaught  mechanics. 
Fulton  was  not  simply  a  mechanic;  lie  was  a  scientific  man;  not 
merely  an  inventor,  but  a  man  of  science  perfecting  inventions 
by  scientific  methods,  systematically  investigating  and  basing  his 
work  upon   research  and  logical  deduction.     He   first   experi- 
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mented,  then  reduced  his  observations  to  form  and  sequence, 
then  deduced  from  his  researches  the  laws  controlling  the  sub- 
ject and  finally  produced  his  idea,  crystallized  in  metal,  of  exact 
form  and  proportion  and  capable  of  doing  the  work  proposed  in 
precisely  the  best  practicable  manner. 

He  first  made  an  experimental  investigation  of  the  laws  of 
fluid-resistance  and  ship-propulsion,  conducting  his  researches 
precisely  as,  to-day,  with  our  improved  method  and  apparatus, 
our  naval  constructors  and  engineers  determine  the  resistances 
and  the  engine-power  required  in  similar  cases  in  modern  con- 
struction. He  next  reduced  the  resultant  data  to  tabular  form, 
studied  the  relations  of  magnitudes  of  forces  and  of  speeds  for 
floating  bodies  of  different  sizes  and  proportions,  discovered  the 
laws  of  fluid-resistance  in  this  manner,  and  finally  applied  them 
in  the  computation  of  the  necessary  horse  power  of  an  engine 
intended  to  drive  a  steamboat  at  a  stated  speed.  He  compiled 
the  work  of  others,  where  practicable,  and,  among  his  papers, 
found  at  his  death  carefully  filed,  were  drawings  of  his  apparatus 
for  experiment  and  a  "  Table  of  the  Resistance  of  Bodies  moved 
through  Water;  taken  from  Experiments  made  in  England  by 
a  Society  for  Improving  Naval  Architecture,  between  the  Years 
1793  and  1798.^'  The  original  of  this  drawing  was  filed  in  the 
"  OflSce  of  the  Clerk  of  the  New  York  District,  making  a  part 
of  a  Demonstration  of  the  Patent  granted  to  Robert  Fulton, 
Esqre.,  on  the  11th  Day  of  February,  1809." 

Fulton  was  thus  able  to  do  what  no  previous  constructor,  so 
far  as  we  know,  had  done — to  compute  with  considerable  ac- 
curacy the  size,  power  and  weight  of  his  propelling  engine  and 
accessories.  He  was  thus  prepared  to  follow  the  method  of  the 
scientific  professional,  as  distinguished  from  that  of  the  unin- 
formed inventor,  and  he  was  among  the  first  of  those  profes- 
sional engineers  who  pioneered  the  way  to  the  displacement  of 
amateur  '^  invention  "  by  scientific  design  and  led  to  the  produc- 
tion of  mechanism  precisely  adapted  to  a  very  exactly  defined 
purpose,  not  by  a  process  of  guesswork,  but  by  first  a  deliberate 
and  logical  process  of  definition  of  the  problem  and,  then,  of 
its  solution;  much  as  the  modern  strategist,  in  war,  proceeds  to 
the  reduction  of  a  known  defensive  position.  In  mechanics,  as 
in  war,  there  is  always  a  correct,  a  scientific  and  a  certain  method 
of  attaining  a  result,  once  the  elements  of  the  problem  are  pre- 
cisely stated  qualitatively  and  quantitatively.  Fulton's  first  at- 
tempts were  thus  successfid  and  his  first  steamboats  performed 
precisely  as  he  intended  that  they  should. 
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He  was  neither  engine-designer  nor  hull-constructor;  he  was 
a  naval  architect,  adapting  a  well-known  motor  to  a  long  recog- 
nized purpose  and  he  succeeded  through  the  fact  that  he  first 
made  himself  familiar  with  scientific  principles  and  with  the 
contemporary  practice  in  both  engine-building  and  ship-propul- 
sion and  was  thus  enabled  to  effect  a  combination  of  motor  and 
vessel  in  a  satisfactory  manner,  at  the  very  start. 

In  the  latter  part  of  the  eighteenth  century,  Fulton  was  in 
England  and  in  France  engaged  in  the  endeavor  to  promote  his 
inventions  and  devices,  as  he  said,  "  for  insuring  the  freedom  of 
the  seas  to  all  men/'  He  constructed  submarine  torpedo-boats 
and  made  them  vastly  more  safe  in  use  and  more  manageable, 
and  more  dangerous  to  an  enemy,  than  any  since  constructed 
until  our  own  day.  He  operated  them  in  the  French  harbors 
until  the  anxiety  of  all  other  nations  was  aroused  lest  the  new 
weapon  should  be  employed  against  them.  This  submarine  navi- 
gation and  its  apparatus  involved  more  real  invention  than  any 
work  which  Fulton  accomplished  with  the  steamboat  and  entitles 
him  to  more  credit,  perhaps,  as  an  inventor,  than  any  other 
achievement  of  his  life;  but  the  practical  outcome  of  his  steam- 
boat construction  has  caused  the  almost  complete  eclipse  of  what 
would  probably  otherwise  have  proved  to  be  the  source  of  his 
fame.  Of  his  work  on  the  canals  and  his  various  inventions 
in  connection  therewith,  we  hear  practically  nothing,  notwith- 
standing his  careful  descriptions  and  the  publication  of  his  books 
on  the  subject.  The  permanent  introduction  of  the  steamboat 
proved  to  be  a  feat  which,  in  glory,  outshone  all. 

Fulton's  first  steamboat  was  built  on  the  Seine,  with  the  aid 
of  Chancellor  Livingston  and  Joel  Barlow,  then  at  the  court  of 
France  in  official  capacities.  It  was  launched  in  the  spring  of 
1803.  Although  Fulton's  computation  of  the  size  and  power  of 
the  steam-engine  and  boiler  employed  were  correct,  it  proved  that 
the  builders  were  less  fortunate  in  their  design  of  the  hull.  The 
craft  went  to  the  bottom  before  it  could  be  given  a  trial.  But  it 
was  promptly  raised  and  strengthened,  and,  in  August,  1803,  a 
committee  of  the  French  National  Academy,  including  the 
famous  elder  Carnot,  took  part  in  the  trial  of  the  first  really  suc- 
cessful experiment  ever  made  in  this  direction  in  that  country. 
The  boat  made  four  and  a  half  miles  an  hour.  The  steam-boiler 
used  in  this  craft  was  devised  by  Barlow  and  was  a  water-tube 
boiler  of  a  very  practical  type.  It  is  still  preserved  in  the  Con- 
servatoire des  Arts  et  Metiers  in  Paris.    Barlow  ha|i  patented  it 
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ill  1793  as  a  steamboat  boileri  as  he  expressly  states,  and  his 
object  in  the  adoption  of  this  tjpe  was,  as  he  further  saysj  "  the 
concentration  of  the  largest  amount  of  heating  surface  posaiblo 
within  a  limited  volume  and  weight " — priinarily  important  de- 
siderata in  $team  navigationp 

The  results  of  this  expeiiinent  were  of  world-wide  importance. 
The  French  government  declined  to  aid  the  inventors  and  pro- 
moters of  the  scheme  notwithstanding  the  favorable  reports  of 
scientific  men  and  other  witnesses  of  the  trial-trip  and  Fulton 
and  Livingston  turned  their  faces  toward  America* 

Livingston  seen  red  the  extension  of  a  grant,  previoualy  allowed 
by  the  State  of  New  York^  of  a  monopoly  of  the  navigation  of 
the  Hudson  Kiver  to  any  successful  constructor  of  a  steamboat 
in  those  waters^  and  Fulton  ordered,  in  1804,  from  the  firm  of 
Boulton  &  Watt,  a  Watt-engine  of  twenty-four  inches  diameter 
of  steam  cylinder  and  four  feet  stroke  of  piston — a  rather  large 
inacMne  for  the  tinie.  His  first  boat  had  been  of  moderate  size, 
of  good  proportions  and  shape — 66  feet  long,  8  feet  beam  and 
of  light  draught — and  thus  obtained  a  new  point  of  departure  in 
his  computations  of  size  and  power  of  motor  and  corroborated 
his  previously  asserted  opinion  that  paddle-wheels  were  the  beat 
form  of  propelling  instrument  known  at  a  time  when  Rumsey 
was  trying  hydraulic  propulsion.  Fitch  and  the  French  inventors 
were  proposing  or  using  **  chaplets  "  of  paddles  and  tho  screw, 

Livingston's  grant  and  Fulton^s  steamboat  together  made 
steam  uavi|^ation  possible  and  even  a  ccrtaintyy  and  a  practical 
and  financial  success  for  all  time* 

Fulton  went  to  England,  1804-6,  and  saw  his  engine  well  along 
toward  completion  under  the  eye  of  Watt,  sent  over  his  specifica- 
tions to  Charles  Brown,  the  Kast  Rivx*r  shipbuilder  of  the  day, 
and  then,  in  October,  ISOd,  sailed  for  home,  arriving  in  Nevr 
York,  December  13,  and  there  commenced  the  supervision  of 
his  new  work. 

The  hull  was  now  that  of  a  comparatively  large  craft — 133 
feet  long,  18  feet  beam  and  9  feet  depth — of  good  proportions 
for  the  intended  speed,  seven  beams  in  length  and  a  depth  one 
half  the  beam;  giving  good  evidence  of  the  familiarity  of  Fulton 
with  the  science  of  naval  architecture  of  the  time  and  illustrating 
again  our  proposition  that  his  \sork  was  that  of  the  skilled  en- 
gineer and  naval  constructor,  of  the  man  of  science  and  the 
professional  engineer,  rather  than  that  of  the  empiric. 

The  trial  trip  was  made  in  August  and  was  simply  the  first  of 
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a  never  interrupted  series  and  the  beginning  of  a  traffic  which 
has  ever  since  grown  and  has,  each  year,  more  and  more  advan- 
taged the  nation.  The  Clermont,  named  after  the  Livingston 
manor,  was  the  progenitor  of  all  modern  steam  fleets.* 

The  voyage  of  the  Clermont  to  Albany  was  attended  by 
some  ludicrous  incidents,  which  found  their  counterparts  wher- 
ever, subsequently,  steamers  were  for  the  first  time  introduced. 
Mr.  Colden,  the  biographer  of  Fulton,  says  that  she  was  de- 
scribed, by  persons  who  had  seen  her  passing  by  night,  "  as  a 
monster  moving  on  the  waters,  defying  wind  and  tide,  and 
breathing  flames  and  smoke." 

This  first  steamboat  used  dry  pine  wood  for  fuel,  and  the 
flames  rose  to  a  considerable  distance  above  the  smoke-pipe. 
When  the  fires  were  disturbed,  mingled  smoke  and  sparks  would 
rise  high  in  the  air.  "  This  uncommon  light,"  says  Colden, 
"  first  attracted  the  attention  of  the  crews  of  other  vessels.  Not- 
withstanding the  wind  and  tide  were  averse  to  its  approach,  they 
saw  with  astonishment  that  it  was  rapidly  coming  toward  them; 
and  when  it  came  so  near  that  the  noise  of  the  machinery  and 
paddles  was  heard,  the  crews  (if  what  was  said  in  the  newspapers 
of  the  time  be  true),  in  some  instances,  shrank  beneath  their 
decks  from  the  terrific  sight,  and  left  their  vessels  to  go  on 
shore;  while  others  prostrated  themselves,  and  besought  Provi- 
dence to  protect  them  from  the  approach  of  the  horrible  monster 
which  was  marching  on  the  tides,  and  lighting  its  path  by  the 
fires  w^hich  it  vomited." 

*  John  Stevens  was  Fulton's  greatest  contemporary  and  rival  in  the  endeavor 
to  place  steam  navigation  upon  a  satisfactory  and  permanent  commercial  basis. 
John  Stevens,  also  a  statesman,  an  inventor  and  a  famous  engineer,  unquestion- 
ably outranking  Fulton  in  some  respects,  and,  later  in  his  own  person  and  in  the 
persons  of  his  immediate  relatives,  successful  in  the  construction  and  operation 
of  more  original  forms  and  details  of  motive  machinery,  very  nearly  gained  the 
prize.  This  great  engineer  and  pioneer  in  both  marine  and  land  transportation 
by  steam-power,  had  built  screw-boats  in  1804-5  and  the  Phoenix ^  a  paddle 
steamer,  was  completed  just  too  late  to  even  compete  with  Fulton  and  was  sent 
around  into  the  Delaware;  the  monopoly  secured  by  Fulton  and  Livingston  on 
the  Hudson  ruling  all  other  steam-propelled  craft  off  of  that  great  estuary. 
Years  afterward,  when  that  monopoly  was  declared  by  the  courts  illegal,  on  the 
ground  that  the  General  Government  only  could  control  tide-waters,  the  Stevens, 
father  and  sons  and  nephew,  and  their  successors,  proved  themselves  entitled  to 
a  place  in  our  modem  Hall  of  Fame  beside  Fitch  and  Fulton,  and  carried  on  the 
development  of  the  American  river  steamboat  to  a  piont  of  great  perfection. 
But  now  Fulton  had  secured  his  opportunity;  and  well  did  he  and  his  coadjutors 
profit  by  it. 
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In  the  Clermont,  Fulton  used  several  of  the  now  charac- 
leristie  features  of  the  American  river  steamboat,  and  subse- 
quently introduced  others.  His  most  important  and  creditable 
work,  aside  from  that  of  the  introduction  of  the  steamboat  into 
every-day  use,  was  the  experimental  determination  of  the  mag- 
nitude and  the  laws  of  ship-resistance,  and  the  systematic  pro- 
portioning of  vessel  and  machinery  to  the  work  to  be  done  by 
them.* 

The  success  of  the  Clermont  on  the  trial-trip  was  such  that 
Fulton  soon  after  advertised  the  vessel  as  a  regular  passenger- 
boat  between  New  York  and  Albany. f 

During  the  next  winter  the  Clermont  was  repaired  and  en- 
larged, and  in  the  summer  of  1808  was  again  on  the  route  to 
Albany;  and,  meantime,  two  new  steamboats — the  Raritan  and 
the  Car  of  Neptdne — had  been  built  by  Fulton.  In  the  year 
1811  he  built  the  Paragon. 

The  construction  of  a  line  of  steamers  for  the  Hudson  River 
promptly  followed  the  success  of  the  Clermont  and  immediately 
afterward  the  waters  of  Long  Island  Sound  and  the  Connecti- 
cut and  adjacent  rivers  and  estuaries  found  place  for  many  steam- 
boats.     The  great  rivers  of  the  West  now  began  to  take  on 

*  History  of  the  growth  of  the  Steam-Engine. — Thurston. 
f  A  newspaper-slip  in  the  scrap-book  of  the  author  has  the  foUowing : 
"  The  traveUer  of  to-day,  as  he  goes  on  boaid  the  great  steamboats  St.  John 
or  Drew,  can  scarcely  imagine  the  difference  between  such  floating  palaces  and 
the  wee-bit  punts  on  which  our  fathers  were  wafted  60  years  ago.  We  may,  how- 
ever, get  some  idea  of  the  sort  of  thing  then  in  use  by  a  perusal  of  the  steamboat 
announcements  of  that  time,  two  of  which  are  as  follows  : 

["  Copy  qf  an  Advertisement  taken  from  th£  Albany  Gazette^  dated  September^  180T.] 

"The  North  River  Steamboat  will  leave  Panler's  Hook  Perry  [now  Jersey  City]  on  Friday,  the 
4ih  of  September,  at  9  in  the  morning,  and  arrive  at  Albany  on  Satarday,  at  9  in  the  afternoon. 
Provisions,  good  berths,  and  accommodations  are  provided. 

"  The  charge  to  each  passenger  is  as  follows  : 

"  To  Newburg dole.  8,    time  14  hours. 

"   Ponghkeepsie •*    4,      **    17     ** 

»*   Esopus "     6,      "    30     " 

"   Hudson **     sj,     "    30     " 

"   Albany "    7,      "    86     " 

"^r  places,  apply  to  William  Vanderyoort,  No.  48  CourtlaDdt  Street,  on  the  comer  of  Green- 
wich Street. 

••  September  2, 1807. 

['*  Extract  firom  the  New  York  Evening  Post,  dated  October  2, 1807.] 

"  Mr.  Fnlton^s^new-invented  Steamboat,,  which  is  fitted  np  in  a  neat  style  for  passengers,  and 
is  intended  to  run  from  New  York  to  Albany  as  a  Packet,  left  here  this  morning  with  90  passen- 
gers, against  a  strong  headwind.  Notwithstanding,  which,  it  was  Judged  she  moved  through  the 
waters  at  the  rate  of  six  miles  an  hour.** 
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the  aspect  of  which  "  poor  John  Fitch  "  had  dreamed  a  genera- 
tion earlier  and  New  York  and  Albany,  New  Jersey  and  Massa- 
chusetts, Pittsburg,  and  New  Orleans  were  united  by  lines  of 
steam  vessels,  strongest  of  all  bonds  in  the  bringing  together 
and  the  holding  together  of  peoples.  The  construction  of  steam 
ferryboats  followed  and  the  Fulton  and  the  Jersey  City  ferries 
from  New  York  to  either  adjacent  shore  were  inaugurated  in 
1812  and  1813,  the  first  of  all  steam-ferries. 

With  the  outbreak  of  the  war  of  1812  with  Great  Britain, 
Fulton  set  himself  to  work  upon  the  plans  of  a  steam  man-of- 
war  and  submitted  them  to  a  commission  appointed  by  the  Gov- 
ernment, consisting  of  the  greatest  captains  of  the  time,  including. 
Decatur,  Perry,  Paul  Jones,  and  Evans.  His  plans  contemplated 
the  building  of  what  was  for  the  time  a  very  large  vessel — a 
double  hull,  with  the  paddle  wheel  between,  protected  from  shot, 
the  length  to  be  156  feet,  the  breadth  of  beam  over  all  56  feet, 
and  the  depth  20,  measuring  2,475  tons;  which  was,  in  those  "days 
thought  an  enormous  size.  The  ship  was  to  be  given  a  very 
heavy  battery,  to  have  a  speed  of  four  miles  an  hour  and  to  be 
especially  constructed  for  the  defence  of  New  York  and  the 
harbor.  Fulton  proposed  that  soane  of  the  guns  should  be 
arranged  to  discharge  their  shot  below  the  water-line  and  others 
to  ithrow  red-hot  shot  into  the  enemy's  upper  works.  The  cost 
was  to  be  $320,000 — about  ten  per  cent,  of  that  of  the  average 
ironclad  of  to-day,  while  the  costliest  ship  of  the  modern  fleet 
would  in  cost  balance  a  fleet  of  twenty  of  Fulton's  first  steam 
war  vessels.    It  was  named  the  '^  Fulton  the  First." 

The  contract  was  authorized,  March,  1814,  and  the  keel  laid 
the  following  June;  but  the  ship  was  not  ready  for  her  trial- 
trip  until  May,  1815,  and  had  no  part  in  the  war;  although  the 
moral  effect  of  this  world-wide  famous  vessel,  at  the  time,  was 
probably  very  considerable.  The  ship  was  propelled  by  an  engine 
having  a  cylinder  48  inches  in  diameter  and  5  feet  stroke  of 
piston,  supplied  with  steam  by  a  copper  boiler  22  feet  long,  12 
feet  wide  and  8  feet  high  and  turned  a  wheel  16  feet  in  diameter, 
14  feet  width  of  face  and  length  of  bucket  and  with  a  "  dip  "  of 
4  feet.  The  boiler  was  in  one  hull,  the  engine  in  the  other.  The 
sides  at  the  battery-line  were  4  feet  10  inches  thick,  and  the 
bulwarks  were  musket-proof.  The  armament  consisted  of  thirty 
32-pounders  and  a  submarine  gun  throwing  a  shot  weighing  100 
pounds  at  a  depth  of  10  feet  below  the  water-line.  On  her  trial- 
trip,  in  the  month  of  July,  she  steamed  from  New  York,  at  the 
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Battery,  to  Sandy  Hook  and  back,  53  miles,  in  8  hours  and  20 
minutes,  light.  In  September,  1815,  with  all  stores  on  board  and 
ready  for  sea,  she  made  a  speed  of  five  and  a  half  miles  an  hour 
in  th«  bay. 

But  Fulton  never  saw  the  conlpletion  of  this,  his  greatest 
work.  He  died  February  24,  1815.  But  his  work  was  done 
and  well  done.  We  need  only  mourn  liis  deprivation  of  th^  op- 
portunity to  see  it  in  all  its  perfection  and  to  receive  from  his 
fellow-countrymen  full  recognition  of  their  indebtedness  to  him 
and  assurance  of  their  respect  and  honor  and  love  for  their  bene- 
factor. 

As  from  the  Clermont  have  sprung  the  merchant  fleets  of 
the  world  and  out  from  that  little  craft  have  grown  Campanias 
and  Oceanics  of  our  time;  so,  from  the  "  Fulton  the  First,"  have 
come  all  the  naval  fleets,  the  "  Oregon,"  and  the  "  Olympias  " 
and  the  "  Brooklyns  "  of  our  own  day.  Steamboats  had  been 
seen 'before  Fulton  laid  down  his  first  keel  on  the  banks  of  the 
Seine;  but  it  is  from  Fulton's  first  successful  steamboat  that 
all  fleets  have  been  derived.  Armored  war-vessels  had  been 
built  earlier;  but  it  was  from  Fulton's  steam  frigate  with  its 
protected  sides  and  batteries  that  the  contemporary  ironclad  was 
lineally  descended.  In  1807  the  ^^  Clermont "  was  alone  in  the 
world  as  a*  commercially  successful  steamboat  operating  upon  a 
stated  route;  to-day,  in  place  of  the  little  200-ton  vessel  of  Ful- 
ton, we  find  steamships  on  every  sea,  monsters  of  thousands  of 
tons,  sometimes  of  twenty  thousand  tons  displacement,  carrying 
their  enormous  freights  and  thousands  of  passengers  across  every 
sea,  to  the  farthest  ports  of  every  continent,  to  the  furthest 
islands  of  the  Pacific  Ocean,  the  commerce  of  the  world,  exchang- 
ing the  products  of  every  land  and  of  every  clime. 

The  sailing  vessel  with  its  costless  power,  is  driven  from  the 
seas  by  the  costly  yet  more  economical  power  of  steam.  In  place 
of  the  thirty  or,  at  most,  fifty  horse-power  of  the  pioneer  craft, 
its  successors  on  the  Hudson  exert  the  power  of  a  thousand  and 
more  and  on  the  Long  Island  Sound  of  several  thousands,  and 
on  the  oceans,  three,  five  and  ten  thousand  horse-power  ships  are 
common,  while  the  maximum,  now  twenty  and  thirty,  will  soon 
be  fifty  thousand  horse-power,  in  a  ship  approximating  a  thousand 
feet  in  length  and  thirty  thousand  or  more  tons  displace- 
ment. For  the  five  miles  an  hour  of  the  Clermont  is  now  substi- 
tuted the  twenty  miles  of  the  "  Mary  Powell,"  and  her  grand 
successors,  the  "  Puritan,"  the  "  Pilgrim,"  and  the  "  Priscilla," 
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in  smooth  water,  and  the  twenty-five  and  thirty  miles  achieved 
by  the  great  **  ocean  greyhounds "  and  the  modem  naval 
"  cruisers "  and  torpedo-boats,  with  an  occasional  spurt  up  to 
forty  miles,  as  measured  on  land,  and  by  the  land  measure. 

Fulton  sought  to  insure  the  freedom  of  the  seas  to  all  men  and 
all  nations  by  his  inventions  and  improvements  in  naval  and  sub- 
marine instruments  of  warfare,  giving  the  weakest  nations  such 
power  as  should  compel  the  respect  of  the  strongest  and  making 
all  equal.  His  plans  have  been  adopted  throughout  the  world 
and  a  century  of  further  improvement  has  left  his  task  still  un- 
accomplished; but  his  spirit  is  still  existent  and  is  pervading  the 
world  more  and  more,  as  it  gains  in  intelligence  and  in  morals, 
and  the  permanence  of  peace  is  better  assured  and  war  is  far  more 
dreaded  and  more  carefully  avoided  than  ever  before.  The  spirit 
of  peace,  of  justice  and  of  fair  play,  of  humanity  between  man 
and  man,  is  growing  as  never  before.  The  seed  so  well  sowed  by 
Fulton  has  germinated,  even  if  the  fruit  is  not  yet  ripe,  and  the 
use  of  the  sword,  if  necessary,  in  the  prevention  of  war  and  the 
combination  of  the  strong  to  control  the  ambitions  and  impositions 
of  the  strongest  are  insuring  peace,  while  the  progressing  civiliza- 
tion of  the  world  is  steadily  bringing  us  toward  a  period  of  uni- 
versal peace  and  of  international  courts  for  settlement  of  differ- 
ences. A  century  has  done  much  to  prove  the  nobleness  and 
the  wisdom  of  Robert  Fulton. 

Robert  Fulton  died  at  the  age  of  fifty  years,  in  the  prime  of 
life  and  at  the  maximum  of  his  mental  and  physical  powers.  He 
at  the  time  was  still  serving  the  United  States  as  naval  construc- 
tor and  contractor,  and  the  government  was  in  debt  to  him 
$100,000  for  moneys  advanced  by  him  and  his  associates  on  work 
in  hand.  The  work  was  completed;  but,  as  occurred  in  the  case 
of  Ericsson,  another  great  benefactor  of  the  country,  a  half 
century  later,  these  claims  were  never  fully  satisfied. 

The  New  York  State  Legislature,  then  in  session,  paid  him 
public  honors  such  as  were  never  before  tendered  any  private 
individual;  his  funeral  was  attended  by  an  immense  concourse 
of  his  fellow-citizens  and  his  grave,  here  at  Trinity  Church,  about 
which  we  to-day  congregate,  and  at  which  we  now  erect  a  memo- 
rial, was  surrounded  by  national  and  State  officials,  by  the  magis- 
tracy of  the  metropolis,  by  its  municipal  coimcil,  a  number  of 
associations  and  many  private  citizens.  As  the  procession  moved 
toward  the  grave,  minute  guns  were  fired  from  the  steam-frigate 
''  Fulton  the  First  "  and  the  then  fortified  "  Battery."     The  re- 
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spect  and  esteem  of  the  N'ation  were  manifest.  Yet  his  tomb 
remained,  until  to-day,  unmarked! 

And  liobert  Fulton  well  deserved  that  respect  and  esteem;  he 
had  well  earned  it  by  his  statecraft  as  well  as  by  his  inventive 
powers,  by  his  business  ability  as  well  as  by  his  foresight  and 
scientific  attainments,  by  his  genius,  skill,  patriotism  and  good 
works.  Could  he  now  return  to  the  scenes  of  his  labors  and 
witness  the  outcome  of  his  work,  we  may  feel  well  assured  that 
he  would  be  more  than  satisfied  and  he  would  be  convinced  that 
his  ambition  and  his  hopes  and  his  anticipations  for  his  country, 
and  his  great  plans  of  promotion  of  the  best  interests  of  the  world, 
had  been  fully  justified  and  are  now  more  than  realized,  so  far  as 
tlie  solution  of  that  great  problem  in  engineering  is  concerned; 
while  his  grander  problem  in  statecraft  has  made  a  progress  that 
few  would  have  accepted  a  century  ago.  Steam  navigation  is  now 
perfected  far  beyond  his  conceptions  and  the  freedom  of  the  seas 
is  more  complete  than  he  could  then  have  dreamed  possible. 
Even  his  system  of  under- water  navigation  and  warfare  has  come 
to  be  recognized  as  a  practicable  line  of  development  and  the  day 
of  warring  fleets  is  waning  and  that  of  equality  among  nations 
i&  dawning. 

"  Peace  on  earth,  good- will  toward  man,"  is  still  to  come;  but 
it  is  to  Fulton  that  we  are  to  attribute  such  progress  in  this  direc- 
tion as  has  been  made,  very  largely,  by  the  facilitation  of  inter- 
communication, and  his  has  been  a  missionary  work  among  all 
nations  and  all  peoples.  As  the  committee  representing  us  in 
tlie  preparation  of  this  memorial,  and  to  whom  we  owe  cordial 
thanks  therefor,  has  said,  his  was  "  an  epoch-making  work,"  and 
we  are  most  fortunate  in  living  in  the  earliest  period  of  that  epoch 
which  he  thus  created  and  we,  more  than  any  later  generation, 
owe  him  highest  honor  and  gratitude;  for  his  work  has  given  us 
the  greatest  gain. 

This  memorial  stands  for  our  expression  of  that  respect  and 
appreciation. 

To  tlie  Inventor,  the  Statesman,  the  Patriot,  we  raise  this  our 
monument.  To  the  Man,  the  Engineer,  the  indomitable  Builder 
of  the  World's  Fleets,  to  the  Founder  of  modern  civilization,  in 
large  measure,  we  render  honor  on  tliis  occasion. 

May  the  name  of  Robert  Fulton  endure  forever  and  may  all 
coming  generations  give  him  praise! 


1532  BOBERT  FULTON  MEMOBIAL. 


BIBLIOGRAPHY. 

Memoir  of  Robert  Fulton,  by  Cadwalader  Golden,  N.  Y.;  Kirk  &  Mercein  ;  1817. 
Life  of  Robert  Fulton,  by  J.  F.  Reigart,  Phila.;  G.  S.  Henderson  &  Go.;  1856. 
History  of  the  Growth  of  the  Steanv-Engine,  by  R.  H.  Thurston,  N.  Y. ;  Appleton  Go. 
Life  of  Robert  Fulton,  R.  H.  Thurston,  Dodd,  Mead  &  Go.     (Makers  of  America). 
Life  of  Robert  Fulton,  T.  W.  Knox,  N.  Y. ;  G.  P.  Putnam's  Sons;  1890. 


ADDKESS  AT 

THE  TLNTEILING  OF  A  MEMORIAL 

IN  TRINITY  CHURCH  YARD  TO 

ROBERT  FULTON. 

ERECTED  BY  THE  AMERICAN  SOCIETY 

OF  MECHANICAL  ENGINEERS. 

DELIVERED  BY 

HIS  GRANDSON, 

THE  REV.  ROBERT  FULTON  CRARY,  D.D., 

RECTOR  OF  THE  CHURCH  OF  THE 

HOLY  COMFORTER,  POUGHKEEPSIE,  N.  Y., 

IN  TRINITY  CHUUCH,  NEW  YORK  CITY, 

DECEMBER  5th,  1901. 

The  age  in  which  we  live  is  charged  with  f orgetfulness.  The 
turmoil  of  traffic,  the  fusion  of  our  many  financial  forces,  the 
complexity  of  our  national  life  which  now  touches  that  of  every 
other  government  under  heaven;  the  trend  of  travel,  the  agitation 
of  our  aggregated  activities;  all  these  tend  to  produce  in  us  as 
a  people  the  spirit  of  nervous  energy;  the  changing  features 
upon  the  mobile  face  of  our  country  of  unremitting  unrest. 

We  liave  liad  liitle  time  for  lingering  over  past  accomplish- 
ments. The  stern  future  of  unproduced  achievement  has  beck- 
oned the  active  minds  of  our  thinking  men  to  new  fulfilment. 

The  nineteenth  century,  now  asleep  with  by-gone  history! 
What  changes  hath  it  wrought!  Yet  who  can  say  what  greater 
fashioning  facts  await  the  twentieth  century,  the  threshold  of 
which  we  have,  with  fine  courage,  and  good  hope,  recently  passed. 
God  has  blessed  us,  as  a  nation,  with  the  dauntless  courage  of  in- 
vention, with  the  prophetic  vision  of  future  possibilities,  with  the 
adventurous  spirit  of  exploration,  which  dares  to  try  new  methods; 
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which  hopes  to  win  new  victories;  which  ventures  to  uplift  old 
standards,  or  to  exalt  those  which  are  more  ideal,  when  wisdom 
deems  them  best. 

The  artist,  who  has  the  radiant  vision  of  his  Masterpiece  within 
his  inspired  mind,  does  not  glory  in  the  first  sketches  which  proved 
his  ability.  He  dauntlessly  works  on  under  the  flame  of  genius 
toward  the  greater  perfection.  The  musician  who  hears  within 
his  soul  the  unwritten  notes  of  a  heavenly  melody,  does  not  dwell 
upon  the  early  exercises  of  his  composition,  even  though  they 
won  for  him  his  master's  praise;  he  tunes  his  being  day  by  day 
to  listen  to  the  low  whispered  harmony  of  a  new  song  of  songs. 

The  sculptor,  who  sees  within  a  block  of  uncut  marble  a  later 
winged  victory,  will  not  long  gaze  upon  the  early  product  of  his 
active  chisel,  but  will  arise  to  new  effort,  that  a  wistful  world 
may  gain  fresh  inspiration.  So  has  our  nation  pressed  onward, 
seeing  each  day  a  brighter  vision  of  her  exalted 'place  among  the 
peoples  of  the  earth;  hearing  each  day  a  clearer  song  of  freedom 
for  her  thiusands  of  trustful  children;  realizing  more  and  more 
fully  her  power  to  release  the  radiant  figure  of  a  new  victory 
for  the  body,  soul  and  spirit  of  the  united  commonwealth  of 
humanity,  who  yield  to  her  their  obedience,  and  who  follow  her 
guiding  power. 

What  wonder  then  that  in  pressing  forward  in  the  turmoil  of 
tense  activity,  we  have  sometimes  paid  scant  honor  to  the  former 
toilers  in  the  first  fields  of  our  fair  fatherland;  men  who  have 
"  hazarded  their  lives  for  the  faith ;  "  the  faith  that  fashioned  a 
new  fabric  to  clothe  our  thought;  and  followed  the  flicker  of  a 
new  prophecy.  Men  who  spent  their  substance  and  toiled  to 
demonstrate  a  new  theory,  or  to  demolish  an  old  foundation, 
strong  with  the  daring  enterprise  of  the  hope  that  was  in  them. 
"  We  touch  and  go,  and  sip  the  foam  of  many  lives,"  says  Emer- 
son, yet  sometimes,  thank  God,  as  in  this  event  which  to-day  calls 
us  together,  we  touch,  and  sip,  and  then  drink  deep  of  a  life 
which  has  in  it  the  strength  of  sacrificial  wine,  the  vigor  of  an 
inspiration  wrung  from  the  wdne-press  of  toil  and  sweetened 
with  the  nectar  of  human  unselfishness.  The  foam  vanishes  from 
the  glass,  but  the  wine  endures,  and  will  endure  unto  the  end 
of  time,  when  the  One  Man  above  all  His  human  brethren  shall 
say  at  his  own  wedding  to  the  Master  of  the  Feast,  "  Thou  hast 
kept  the  good  wine  until  now." 

To-day  we  are  met  together,  my  dear  friends,  for  a  practical 
refutal  of  entire  forgetfulness,  for  the  witness  of  a  substantial 
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proof  that  the  memory  of  Robert  Fulton  is  alive  in  his  country, 
that  his  brother  craftsmen,  the  American  Society  of  Mechanical 
Engineers,  appreciate  his  accomplishment  and  hold  him  in  high 
honor. 

You  are,  I  doubt  not,  familiar  with  the  story  of  his  life.  He 
needs  not,  nor  would  he,  in  his  modesty  have  chosen  his  grand- 
son to  speak  his  praise.  Other  lips  than  mine  have  told  that  which 
history  repeats,  of  the  early  struggle,  and  the  ultimate  success. 

His  parents  came  to  Pennsylvania  from  Ireland  early  in  the 
eighteenth  century,  and  there  is  a  strong  probability  that  his 
father  was  a  descendant  of  the  Rev.  Dr.  Fulton,  a  Church  of  Eng- 
land clergyman,  who  in  1614  was  chaplain  to  Lady  Arabella 
Stuart.  The  line  of  connection  has  not  been  completely  secured, 
yet  interesting  papers  in  our  possession,  taken  from  the  second 
volume  of  the  Clarendon  Gallery  give  the  historical  statement  as 
follows :  "In  the  reign  of  James  the  first  the  Lady  Arabella  Stuart, 
first  cousin  of  the  King,  was  imprisoned  in  the  Tower  of  London 
for  having  assisted  William  Seymour,  afterward  First  Marquis  of 
Hertford,  to  escape  to  France.  During  her  captivity  the  Lady 
Arabella  petitioned  the  King  to  allow  her  spiritual  consolation; 
and  on  the  6th  of  September,  1614,  a  minute  was  drafted  at  the 
King's  command,  hy  the  Privy  Council  to  Sir  William  Wead,  the 
Governor  of  the  Tower,  directing  and  commanding  the  Rev.  Dr. 
Fulton  to  visit  and  console  her  from  time  to  time. 

The  motto  still  used  by  the  foreign  branch  of  the  family  and 
by  Sir  Forrest  Fulton,  the  present  Recorder  of  the  City  of  Lou- 
don, is,  ^' In  strength,  and  virtue;  "  and  the  name  Fulton,  is  of 
Saxon  origin,  meaning  a  full  town,  a  crowded  village.  The  mem- 
bers of  this  clan,  or  village,  proceeded  northward  at  the  time  of 
the  Xorman  conquest  to  avoid  the  invaders;  the  name  is  found 
in  Ayrshire,  Scotland,  as  early  as  1296.  Attached  to  Parlia- 
mentary  Roll   acknowledging  Edward   I   as   King   Paramount. 

W^illiam  Fulton,  the  son  of  the  Rev.  Dr.  Fulton,  the  Chaplain 
at  the  Tower,  emigrated  to  Ireland  in  1612. 

During  the  reign  of  Elizabeth  the  Irish  had  been  universally 
engaged  in  rebellion,  and  in  1611,  the  Province  of  Ulster  having 
fallen  to  the  crown  by  the  attainder  of  the  rebels,  a  company 
was  establislicd  in  London  for  planting  new  colonies  in  that  fertile 
country.  Tenants  were  brought  over  from  England  and  Scotland, 
the  Irish  ^vere  removed  from  tlie  hills  and  fastnesses,  and  by  those 
means  Ulster  was  converted  from  a  wild  and  disorderly  province 
to  the  best  cultivated  and  most  civilized  in  Ireland.    One  branch 
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of  the  family  of  Fnlton  came  over  at  this  time  from  Ayrshire,  and 
settled  in  and  around  IJsbum  and  Belfast.  William  Fulton,  the 
son  of  the  Rev.  Dr.  Fulton,  settling  in  Kilkenny. 

It  was  from  Kilkenny,  Ireland,  that  Robert  Fulton's  father 
emigrated  to  this  country,  and  it  is  not  therefore  unreasonable 
to  hope  that  the  mysttry  of  the  few  intervening  generations  may 
in  time  be  reduced  to  facts  of  historic  accuracy;  certainly,  the 
man  had  in  his  physical  and  mental  equipment  the  vigor  and  vim 
of  the  Scottish  liills  as  well  as  the  wit  and  wisdom  of  the  Irish 
mind;  and  it  is,  I  trust,  something  more  than  a  mere  coincidence 
which  Dr.  Fulton,  of  Xew  Zealand,  cites.  I  quote  from  his  per- 
sonal letter:  "  It  may  be  only  a  coincident  but  I  have  found  many 
eminent  civil  and  mechanical  engineers  of  the  name  of  Fulton 
all  over  the  world.  I  know  of  one  in  Australia;  a  most  eminent 
man  in  South  Africa;  another  in  Bristol;  and  one  in  Xew  Zealand; 
two  of  my  brothers  were  brought  up  as  civil  engineers,  and  one 
of  them  was  a  genius  in  railway  construction." 

I  hsLve  quoted  thus  largely  from  the  annals  of  the  past,  because 
these  facts  have,  I  think,  hitherto  been  little  known,  and  also 
because  I  feel  that  in  them  God  has  His  lesson  for  us:  He  has 
often  so  endowed  with  si)ecial  gift  a  chosen  people,  and  Robert 
Fulton,  though  he  strove  alone  and  knew  not  those  others  of 
his  name  who  shared  his  ta.-^te,  was  nevertheless  not  alone;  for 
he  in  America,  and  they  of  far  kinship,  and  in  divers  distant 
lands,  and  time,  worked  with  their  talent  in  likeness  to  his  toil. 

Robert  Fulton  was  a  patriot.  Read  his  life,  if  you  will,  and 
see  how  amid  the  splendors  of  the  old  world,  his  heart,  full  of  the 
fire  of  his  new  invention,  yearned  for  America.  He  gave  his  best 
to  his  own  country.  In  the  concluding  remarks  of  his  paper  on 
*'  Submarine  Navigation  and  Attack,"  delivered  in  London  in 
1806,  now  in  possession  of  the  family,  he  says,  "  It  has  never 
been  my  intention  to  liide  these  inventions  from  the  world  on 
any  consideration:  on  the  contrary,  it  has  been  my  intention  to 
make  thoni  pulilur  as  soon  as  consistent  with  strict  justice  to  all 
"with  whom  I  am  concrrned;  for  myself,  I  have  ever  considered 
the  interest^  of  Amnir'a's  frr^e  commerce,  the  interest  of  mankind, 
the  magniru'le  of  the  rAty-ct  in  vifw  and  the  national  reputation 
connected  with  it,  sii[»^rior  to  nW  calculations  of  a  pecuniary 
kind;  "  and  again  in  awtihcr  folio  containing  notes  on  submarine 
vessels,  drawn  June-  liiih  to  20th,  1*^04,  he  says,  "It  is  worthy 
the  genius,  and  ufmo-t  care  of  thf*  Ignited  States,  as  it  will  guard 
that  young  and  prosperous  Republic  from  the  necessity  of  a  fleet 
98 
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and  all  its  tyrannous  complication;  hence  I  have  taken  these  pre- 
cautions to  secure  it  to  my  country,  lest  any  accident  should 
happen  to  me  in  my  present  enterprise,  to  introduce  a  new  mode 
of  destroying  fleets  with  effect,  wliich,  if  successful,  will  never 
stop  till  the  ocean  is  swept  clean  and  commerce  enjoy  her  right, 
navigation  without  control  or  impediment." 

Among  family  papers  are  discovered  two,  wliich  seem  to  bear 
witness  to  another  result  close  following  the  invention  of  the 
steamboat. 

Robert  Fulton  opened  new  paths  for  our  nation  where  her 
footsteps  were  not  known.  In  an  address  on  the  opening  of  the 
Erie  Canal,  on  Independence  Day,  1826,  the  Mayor  of  New  York, 
said,  "  The  completion  of  the  Erie  Canal  by  which  the  waters  of 
the  western  lakes  were  united  with  the  Atlantic,  was  an  event 
of  deep  interest  to  the  country  at  large  and  fraught  with  incal- 
culable advantage  to  the  State  and  City  of  New  York.  Few  in- 
dividuals in  our  country  have  possessed  stronger  claims  upon  its 
gratitude  than  Robert  Fulton.  The  application  of  the  power  of 
steam  for  purposes  of  navigation  has  conduced  so  largely  to  the 
comfort  and  convenience  of  the  civilized  world  as  to  form  a  new 
era  in  its  history.  The  obstacles  which  time  and  space  formerly 
interposed  to  the  intercourse  of  mankind,  and  the  uncertainty  of 
the  winds  and  tides  has  been  rendered  subservient  to  the  magic 
influence  of  this  powerful  agent.  For  the  benefits  resulting  from 
this  momentous  discovery  the  United  States  are  indebted  to  the 
talents  and  perseverance  of  Robert  Fulton,  and  for  this  his  coun- 
try delights  to  honor  his  memory." 

It  is  a  voice  from  the  past,  a  tribute  of  old  days;  yet  in  the 
development  which  these  75  years  have  added  we  rejoice  to  echo 
them;  for  the  East  and  the  West  are  indeed  united;  the  waters 
of  the  canal  have  borne  their  thousands  of  burdens,  and  the  path- 
way for  ships  has  become  a  royal  highway  whereon  may  travel 
the  merchandise  of  our  far  fertile  fields.  This  tribute  was  uttered 
11  years  after  the  death  of  Robert  Fulton.  To-day,  75  years 
later,  another  tribute  is  substantially  reared  by  the  American 
Society  of  Mechanical  Engineers,  Fulton's  fellow-workers,  who 
have  carried  on  to  this  later  day  perfection  the  first  efforts  of 
that  early  day  of  promise. 

The  other  paper  of  which  I  spoke,  was  also  of  deep  significance, 
it  illustrated  the  recognition  of  a  city  of  the  South.  In  1883, 
the  City  of  Charlestown,  in  her  Bi-Centennial  year,  placed  a 
bust  of  Robert  Fulton  in  the  Council  Chamber,  and  Mr.  Courtney, 
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the  Mayor,  wrote  to  Mr.  Fulton's  daughter,  expressing  "  his 
trust  that  this  little  act  of  comity  may  draw  together  in  closer 
bonds  the  people  of  New  York  and  South  Carolina  for  cen- 
turies to  come,"  and  he  adds,  "  May  the  union  of  the  States 
be  perpetual." 

Beneath  the  inscription  upon  that  bust  are  these  potent  words: 
**  The  City  of  Charlestown  caused  this  bust  to  be  erected  as  a 
Memorial  to  Robert  Fulton's  worth,  and  of  his  service  in  closely 
connecting  her  harbor  with  others  of  the  world,  and  in  her  Bi- 
centennial year  the  Hon.  William  A.  Courtney,  City  Mayor, 
erects  it  in  her  Council  Chamber  to  perpetuate  his  great  achieve- 
ment." These  quoted  words  have  value  as  a  prophetic  utterance 
that  the  power  which  Robert  Fulton  released  and  put  in  force 
has  had  important  influence  in  the  development  of  that  close 
fellowship  which,  in  the  eyes  of  nations,  characterizes  the  strength 
of  our  beloved  country.  East  and  West,  North  and  South, 
we  touch  the  ends  of  our  ocean-bound  continent  and  find  existant 
harmony,  a  concord  of  brotherly  peace  and  good  will.  Every 
national  influence  which  strengthens  these  holy  ties  is  to  be  re- 
vered, maintained  and  cherished,  and  for  this  cause  I  am  priv- 
ileged to-day  to  speak  these  words  to  you,  in  the  shadow  of  old 
Trinity  where  beneath  the  perpetual  benediction  of  its  cross- 
topped  spire  Robert  Fulton  has  slept  these  many  years. 

On  the  25th  of  February,  1815,  at  4  o'clock  in  the  afternoon, 
the  last  sad  offices  for  Robert  Fulton  were  said  upon  this  holy 
ground,  when  by  all  the  officers  of  the  National  and  State  govern- 
ments then  in  the  city,  by  the  magistracy,  the  Common  Council, 
a  number  of  societies,  and  a  great  gathering  of  citizens,  the  mortal 
body  of  this  immortal  man  was  laid  to  rest.  From  the  time  the 
procession  began  to  move  from  his  residence,  No.  1  State  Street, 
till  it  arrived  at  Trinity  Church  minute  guns  were  fired  from 
tlie  steam  frigate  and  the  AVest  Battery,  and  the  flags  of  the 
vessels  in  the  harbor  were  at  half-mast. 

Perhaps  I  can  give  no  better  words  here  than  those  written  at 
the  time  of  his  death  by  the  editor  of  the  "  Columbia,"  and  pub- 
lished with  black  edged  border.  He  says,  in  part,  "  This  day  the 
mortal  remains  of  Robert  Fulton  are  committed  to  the  ground, 
consecrated  by  the  tears  of  a  bereaved  community,  who  can 
never  cease  to  deplore  his  loss,  while  they  recollect  his  ^artue8 
and  his  genius,  and  enjoy  the  fruits  of  his  talents  and  labors.  As 
a  scholar,  a  patriot,  a  friend  and  an  ornament  of  the  arts  and 
sciences,  a  mechanician  and  public  benefactor  and  worthy  citizen, 
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we  can  scarcely  suppose  that  so  deep  and  irreparable  a  chasm  in 
society  could  be  made  in  this  extensive  country  during  the  in- 
fancy of  our  manufacturing  efforts  and  handicraft  improve- 
ments, by  the  loss  of  any  other  man  of  his  professional  cast  in 
the  nation." 

These  words  were  warm  from  hearts,  alive  with  the  loss  of  that 
by-gone  day:  yet  they  need  not  have  been  wholly  sad,  for  thank 
God,  "  the  good  man  does  lives  after  him."  Robert  Fulton  was 
indeed  asleep,  yet  his  invention,  vigorous  in  its  first  infancy 
through  his  self-denial,  flourished  and  lived  with  ever  growing 
strength  which  is  now  finding  its  full  development  in  the  maritime 
fleets  and  world-famed  Navy  of  our  land.  Look  forth  to-day 
upon  the  American  waters;  behold  the  small  one  hath  become  a 
thousand !  And  Fulton  is  to-day,  in  our  thought  because  he  dared 
to  build  that  small  one,  because  he  hopefully  looked  forward  to 
this  future,  because  God  gave  him  the  mission  and  courage  of  a 
prophet.  In  1845,  Justin  E.  Moore,  a  poet,  wrote  these  lines 
upon  Fulton: 

*'  Oh,  who  Uke  thee  a  monument  shall  claim, 
Walker  of  seas,  of  ocean  floods  sublime. 
Thine  hast  thoa  reared.    Behold, 
Sun  ne'er  upon  it  sets  where  rolls  the  deep, 
Seas,  oceans,  lakes,  streams,  rivers,  swift  or  bold  ; 
Towns,  cities,  villages  in  arctic  cold, 
Or  torrid  zone,  in  east  or  far  off  west. 
On  hill,  or  mountain,  prairie,  desert,  wold, 
There  is  thy  monument,  that  rich  bequest 
Which  myriads  and  myriads  have  blest  1 " 

Each  steamboat  is  indeed  his  monument.  Yet  to-day  we  rejoice 
that  another  permanent  token  near  Ids  resting-place  has  been 
reared  by  the  American  Society  of  Mechanical  Engineers,  and 
we  meet  together  for  its  dedication.  I  have  said  that  the  last 
sad  offices  for  him  wore  read  in  this  place.  It  is  fitting  that  to- 
day we  unite  in  these  glad  offices,  ^vhich  testify  to  the  world  an 
appreciation  of  his  enduring  worth.  As  pilgrims  yet  upon  our 
way  we  come  to  rejoice  for  the  triumph  he  won,  and  for  the  vic- 
tory of  the  long  ago.  So  shall  we  be  stronger  for  our  own 
waiting  work  which  God  intends  us  to  do;  so  shall  we  wdn  courage 
for  our  cruise  on  the  yet  unknown,  with  His  hand  on  the  helm 
to  guide  us. 
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MEMORIAL  NOTICES  OF  MEMBERS  DECEASED  DUR- 
ING  THE  YEAR. 

JOHN  M.  BOGLE. 

Mr.  Bogle  was  bom  in  Knightsville,  Ehode  Island,  in  1849. 
After  moving  to  Fall  River,  Massachusetts,  at  an  early  age, 
he  became  a  bookkeeper  in  one  of  the  machine  shops  of  the 
city;  but  the  shop  was  more  attractive  than  the  office,  and  he 
soon  forsook  the  latter  to  learn  the  machinist's  trade,  at  which 
he  worked  in  various  shops  until  1869,  when  he  entered  the  em- 
ploy of  the  Gorham  Manufacturing  Company,  with  which  firm 
he  stayed  until  his  death.  He  began  as  toolmaker,  but  ad- 
vanced rapidly  to  the  position  of  Master  Mechanic,  which  he 
held  for  twenty-five  years.  In  this  position  he  designed  many 
special  machines  for  the  manufacture  of  silverware,  and  had 
entire  charge  of  the  machinery  and  plant,  which  stands  as  a 
monument  to  his  life's  work. 

His  death  occurred  unexpectedly  from  heart  disease  on  March 
7,  1901,  while  fixing  a  slight  derangement  to  an  automobile  in 
which  he  was  riding.  He  became  a  member  of  the  Society  in 
1891. 

THOMAS  J.  BORDEN. 

Mr.  Borden  was  bom  in  Fall  River,  Massachusetts,  March  1, 
1832.  At  the  age  of  sixteen  he  became  a  clerk  in  the  Fall  River 
Iron  Works  Company's  office,  where  his  father  was  Treasurer 
and  active  manager.  He  remained  there  for  one  year,  and  then 
went  to  the  Lawrence  Scientific  School  of  Harvard,  where  he 
studied  engineering  and  chemistry  for  two  years;  he  then  re- 
turned for  two  years  to  the  office  of  the  Fall  River  Iron  "Works. 
At  the  age  of  twenty-one  he  was  appointed  Agent  and  Manager 
of  the  Bay  State  Print  Works,  commonly  known  m  the  Globe 
Print  Works,  which  about  186Y  oonsolid'  i 

Printing  Company.    In  1860  he  w 
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Troy  Mills,  and  after  ten  months  succeeded  in  increasing  the  pro- 
ductive capacity  fourfold,  and  during  the  sixteen  years  while  he 
remained  in  charge,  the  value  of  the  plant  was  increased  in  the 
same  proportion.  In  1868,  when  the  Mechanics  Mill  was  organ- 
ized, he  was  made  President  and  Agent,  and  the  plans  were 
drawn  under  his  direction.  In  1871  he  organized  the  Richard 
Borden  Mills,  and  planned  Mill  No.  1,  in  which  he  incorporated 
a  system  of  perforated  piping  for  the  prevention  of  fire,  this 
being  the  first  system  of  the  kind  ever  invented,  and  which  has 
been  developed  into  the  automatic  sprinkling  system  of  the 
present  time. 

Colonel  Borden  remained  as  active  manager  of  these  three  cor- 
porations up  to  1876,  when  he  retired  to  take  charge  of  the 
American  Printing  Company.  In  1863  he  was  commissioned  as 
Lieutenant  in  the  Fall  River  Light  Infantry  Company;  in  1874 
as  Lieutenant  in  the  Fifth  Unattached  Company;  in  the  same 
year  Captain  of  Company  K,  Third  Regiment;  Lieutenant- 
Colonel  of  same  regiment  in  1876;  Colonel,  1868-71,  when  he 
resigned.  He  remained  with  the  American  Printing  Company 
until  the  middle  of  the  '80's,  at  which  time  he  retired  and 
became  President  and  Treasurer  of  the  Fall  River  Manufac- 
turers' Mutual  Insurance  Company,  and  subsequently  of  three 
Rhode  Island  companies.  In  this  field  he  became  recognized 
among  manufacturers  as  an  authority  on  practical  insurance 
management. 

Colonel  Borden,  after  a  lingering  illness,  died  in  Providence 
on  November  22,  1902. 

WILLIAM  D.  CADWELL. 

One  of  the  most  prominent  cotton  mill  agents  of  New  Eng- 
land, Mr.  Cadwell  gained  his  experience  entirely  in  the  mill, 
and  was  therefore  in  distinct  sympathy  with  the  employees  in 
the  large  mills  of  which  he  had  control.  He  was  in  charge  for 
many  years  of  the  Jackson  Manufacturing  Company  and  the 
Nashua  Manufacturing  Company  Mills,  Nashua,  New  Hamp- 
shire, and  it  was  only  in  1900  that  he  left  the  former  concern  on 
account  of  the  pressure  of  business.  Mr.  Cadwell  was  born  in 
Montpelier,  Vermont,  October  16,  1834.  He  early  went  to 
Lowell,  Massachusetts,  and  was  employed  in  the  Merrimac  Cot- 
ton Mills  until  1866,  when  he  removed  to  Nashua  to  take  a 
position  as  Master  Mechanic  in  the  National  Company's  Cotton 
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Mills.  Two  years  later  he  was  made  Superintendent,  and  in 
1871  Agent  of  the  Jackson  MOls,  which  position  he  held  until 
1900.  In  1891  he  became  Agent  of  the  Nashua  Mannfacturing 
Company  also^  and  held  this  position  tin  til  the  time  of  his  death. 
He  was  also  Ti^easurer  of  the  Nashua  Gas  Company  from  1874 
up  to  the  time  of  its  consolidation  with  the  Nashua  Light,  Heat 
and  Power  Corapany. 

Mr*  Cadwell  was  prominent  in  Masonic  circles,  being  a  mem- 
ber of  varioas  important  Lodges  and  Rites.  lie  was  President 
of  the  Masonic  Building  Association,  member  of  the  Currier 
Building  Association,  Director  of  the  Pennichnck  Water  Com- 
pany, Director  of  the  Nashua  Board  of  Trade,  and  of  the  Indian 
Head  National  Bank. 

Mr,  Cadwell  had  long  been  in  failing  health,  although  he  was 
not  seriously  ill  until  within  a  few  days  of  his  death,  which  oc- 
curred October  10,  1902,  of  heart  disease.  He  became  a  mem- 
ber  of  the  Society  in  1889. 


JOSEPH  CAVANAGH. 

Mr.  Cavanagb,  in  his  early  days,  served  his  apprenticeship  in 
mechanical  engineerings  and  at  the  breaking  out  of  the  war 
enlisted  as  a  bugler  in  the  cavalry  arm  of  the  service,  where  he 
serveil  for  two  years,  being  twice  wounded.  Upon  his  recovery 
he  was  honorably  discharged,  and  enlisted  in  the  navy,  where 
he  served  as  assistant  engineer.  At  tbe  close  of  the  war  he 
went  to  San  Francisco,  where  he  worked  in  installing  the  first 
cable  road  ever  built;  the  actual  construction  of  the  first  grip 
which  was  made  being  j^erfornied  by  him.  He  next  entered  the 
merchant  marine  service  as  engineer,  and  served  for  a  number 
of  years  on  the  Pacific  Mail  Line,  both  on  the  Pacific  and 
Atlantic  steamers  of  that  company*  Later  he  located  at  Corpus 
Christi,  Texas^  where  he  established  and  managed  the  first 
artificial  ice  plant  installed  in  that  section*  Incidentally  he  be- 
came the  Superintendent  of  a  group  of  mines  in  northern  Mexico, 
which  he  managed  with  signal  success.  In  1885  he  went  to 
Philadelphia  and  entered  the  employ  of  the  firm  of  Burr  & 
Dodge,  the  predecessors  of  the  Link  Belt  Engineering  Company, 
the  rapid  development  of  which  business  was  in  a  large  measure 
due  to  his  industry,  mechanical  knowledge  and  insight  He 
died  after  a  two  years'  illness,  on  the  Ist  of  July,  1902.  He 
was  elected  a  member  of  the  Sacictv  in  18S6* 
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ALFRED  CHRISTIANSEN. 

Mr.  Christiansen  was  bom  in  Christiania,  N"orway,  July  10, 
1856.  He  received  a  conimon -school  education,  and  at  the  age 
of  fourteen  he  went  to  sea,  like  most  of  the  boys  of  his  native 
country;  his  first  voyage  was  to  Scotland,  and  cfter  his  return 
the  following  winter,  he  studied  navigation.  After  completing 
his  studies  he  again  went  to  sea;  this  time  he  visited  the  West- 
ern Continent.  He  experienced  many  hardships,  and  his  am- 
bition arose  for  something  better  and  higher.  After  his  return 
to  Norway,  he  pledged  his  future  life  to  engineering. 

He  wanted  to  go  through  all  branches,  and,  starting  as  a 
blacksmith's  helper,  he  went  through  the  boiler  shops,  pattern 
shops,  foundry  and  machine  shops.  In  this  capacity  he  had  to 
work  from  six  in  the  morning  until  six  in  the  evening,  and  had 
over  seven  miles  to  walk  both  to  and  from  work.  After  work- 
ing-hours he  attended  evening  school,  where  he  studied  until 
ten  o'clock  every  night. 

In  1875  he  was  able  to  take  the  entrance  examination  at  the 
Technical  School  at  Christiania,  which  he  took  with  great 
honors.     In  1879  he  graduated  at  the  head  of  his  class. 

In  1880  he  came  to  the  United  States,  landing  in  Philadel- 
phia, where  he  became  an  employee  of  the  Baldwin  Locomotive 
Company,  and  afterwards  of  the  William  Sellers  Machine  Com- 
pany, as  a  practical  machinist.  Later  he  went  to  Providence, 
where  he  worked  at  Brown  &  Sharpe's.  Next  he  went  to  the 
Hinckley  Locomotive  Company,  in  Boston,  where  he  began  as 
machinist  and  left  as  master  mechanic.  In  1883  he  went  to  the 
Watertown  Arsenal  Ordnance  Department,  United  States  Army, 
Watertown,  Massachusetts,  as  a  draughtsman,  and  was  subse- 
quently ordered  to  Watervliet  Arsenal,  where,  after  the  com- 
pletion of  the  gun  factory,  he  became  master  mechanic,  and 
remained  in  that  capacity  until  his  death,  which  occurred  the 
16th  of  January,  1903,  caused  by  hemorrhage  of  the  brain. 

His  last  work  was  the  completion  of  the  largest  coast-defence 
gun  in  the  world.     He  became  a  member  of  the  Society  in  1889. 

EDWARD  A.  DARLING. 

Mr.  Darling  was  born  on  Jersey  City  Heights  on  August 
28th,  1865.  He  inherited  on  his  mother's  side  a  decided  taste 
toward  marine  engineering  and  naval  architecture,  and  from  his 
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father's  sitle  the  training  of  the  Scotch  linen  manufacturer.  His 
father  was  a  Dumfermline  man  in  the  heart  of  the  linen  district 
of  Scotland. 

Mr.  Darling  went  to  school  in  Walnut  Hills,  Cincinnati,  atid 
in  the  public  schools  of  New  York  City,  to  which  his  parents 
moved-  He  entered  a  large  wholesale  tea  house,  but  after  two 
years  of  coinraercial  exjierience  he  decided  that  mechanical  work 
was  his  love,  and  he  became  an  apprentice  in  the  Delamater  Iron 
Works,  at  the  foot  of  West  Thirteenth  Street,  Kew  York  City. 
Two  years  later  he  was  made  assistant  tool  maker  with  the  Mar- 
vin Safe  Worksj  with  whom  he  remained  until  the  autumn  of 
1886  when  he  entered  Cornell  University,  taking  a  special  course 
of  two  years.  In  ISSS,  after  leaving  Cornell^  he  accepted  a  posi- 
tion with  the  New  Jersey  Steel  and  Iron  Works,  and  later  trans- 
ferred to  the  Campbell  Printing  Press  Company,  at  Taunton, 
Mass, 

On  the  withdrawal  of  Mr,  H.  F.  J.  Porter  from  the  position 
of  Chief  Engineer  of  Columbia  University^  in  1891,  and  the 
creation  of  the  position  of  Superintendent  of  Buildings  and 
Grounds,  of  the  ITniversity,  on  the  accession  of  President  Seth 
Low,  Mr.  Darling  became  the  first  incmnbent  of  that  position. 
This  put  him  in  charge  of  the  systems  of  heating,  ventilation 
and  electric  lighting  of  the  University,  at  its  old  site  at  Forty- 
ninth  Street  and  Madison  Avenue.  He  had  much  to  do  with 
the  installation  of  the  mechanical  plant  in  the  new  buildings  of 
the  College  of  Physicians  and  SurgeonSj  erected  by  the  Vander- 
bUt  family  in  1893,  and  was  the  first  to  introduce  the  practice 
of  mechanical  refrigeration  for  the  conduct  of  the  work  in'prac- 
ticid  anatomy  in  such  an  institution. 

When  in  1895-97  Columbia  University  faced  the  problem  of 
removal  from  its  restricted  and  inadequate  site  on  49th  Street  to 
its  more  satisfactory  location  on  lltJth  Street  and  Broadway, 
ttie  problem  of  designing  the  power-house  of  the  University  was 
placed  in  Mr,  Darling's  hands*  It  was  ])roposed  to  heat  the 
entire  group  of  University  buildings  from  a  central  power  plants 
and  to  furnish  light  and  the  power  for  ventilation  purposes, 
electrically,  from  generators  in  connection  with  that  central  sta- 
tion. With  the  help  of  Mr.  Frank  J,  CreeLman  the  plans  for 
this  important  power  house  were  prepared  by  Mr.  Darhng,  and 
executed  in  satisfactory  shape,  when  tlie  University  was  ready 
to  occupy  its  buildings.     A  description  of  this  plant  was  given 
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in  the  TransactianSy  Vol.  XXII.  He  had,  moreover,  the  very 
difficult  problem  to  face  of  removing  the  very  elaborate  and  ex- 
pensive collections  of  the  Departments  of  Science  of  the  Univer- 
sity and  installing  them  in  their  new  home,  and  his  services  in 
carrying  out  this  exacting  requirement  were  most  heartily  ap- 
preciated. 

In  1899  an  opportunity  came  to  Mr.  Darling  through  his  con- 
nection with  the  Society  of  Mechanical  Engineers,  which  he  had 
joined,  to  take  a  position  of  responsibility  at  Mr.  Edison's  plant 
for  the  manufacture  of  cement.  The  experience  which  he  had 
had  in  the  building  of  the  Columbia  plant  on  the  large  scale  was 
very  serviceable  to  him  in  this  larger  opportunity,  and  he  at  once 
took  hold  of  the  problem  which  was  set  before  him.  He  met 
with  great  success,  and  was  fully  supported  in  his  views  by  those 
representing  Mr.  Edison,  so  that  presently  he  transferred  his 
residence  from  the  Oranges  to  Stewartsville,  N.  J.  It  was  in 
connection  with  a  most  unfortunate  combination  of  circumstances 
at  the  Stewartsville  plant  that  Mr.  Darling  lost  his  life,  March 
16,  1903.  The  coal  for  a  part  of  the  plant  was  carried  by  a  long 
conveyor  to  the  point  where  it  was  to  be  used.  A  fire  from 
spontaneous  combustion  in  the  pocket  had  attracted  the  atten- 
tion of  those  in  charge,  and  they  gathered  that  the  extinction 
had  been  complete  after  all  outward  signs  of  the  fire  had  disap- 
peared. But  a  glowing  mass  of  coal  fell  into  the  conveyor  and 
was  carried  unnoticed  into  the  pulverizing  room,  where  it  set  fire 
to  the  atmosphere  of  pulverized  fuel,  causing  an  explosion  and  a 
flame,  which  in  its  outrush  from  the  building  caught  Mr.  Darling 
in  an  open  doorway,  and  produced  burns  from  whose  severity  he 
was  compelled  to  succumb. 

It  was  a  dramatic  element  in  his  life  that  he  had  been  per- 
mitted to  see  the  completion  of  his  work  at  Stewartsville  and  the 
satisfactory  operation  of  his  designs  before  the  call  came  to  lay 
the  work  down.  He  became  a  member  of  the  Society  in  June, 
1891. 

GEORGE  R.  FULTON. 

Mr.  Fulton  was  born  in  Pittsburgh,  Pennsylvania,  August  24, 
1853.  He  enjoyed  only  a  common-school  education,  and  at  the 
age  of  nineteen  he  entered  the  employ  of  the  Pennsylvania  Kail- 
road  Company  as  fireman. 

In  the  fall  of  1876  he  made  a  change  in  his  vocation^  and 
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became  interested  in  the  grocery  business,  which  having  failed 
to  meet  liis  expectations,  be  returned  to  mechanical  pursuits  ia 
1879,  entering  the  employ  of  the  Pittsburgh  and  Lake  Erie 

iHailroad  Company  as  fireman ,  and  after  three  months-  service 

[was  advanced  to  the  position  of  locomotive  engineer  in  the  pas- 
mger  service. 

In  1 886  be  entered  the  employ  of  the  Westinghouse  Electric 
and  Manufacturing  Company.  He  came  to  New  Tork  in  18S1), 
and  associated  himself  with  the  Mount  Morris  Electric  Light 
Company,  serving  in  the  capacity  of  Superintendent  until  1898, 
when  he  became  connected  with  the  J.  G.  White  Company,  and 
was  placed  in  charge  of  the  operating  of  the  Gold  and  William 
Street  stations  of  the  New  York  Heat,  Light  and  Power  Com- 

ipany. 

In  tbe  changes  which  took  place  in  the  electric-light  situation 
in  New  York  City  in  1899^  culminating  in  the  organization  of 
The  New  York  Edison  Company,  Mr.  Fulton's  experience  ee  an 
operating  engineer  and  his  excellent  judgment  in  the  handling 
of  men  were  recognized  in  bis  appointment  as  Chief  Engineer, 
which  position  he  occupied  until  his  death,  December  4,  1902* 
Mr.  Fulton  was  a  member  of  the  Brotherhood  of  Locomotive 

'Engineers*  Division  148,  and  he  became  a  member  of  the  Ameri- 
can Society  of  Mechanical  Engineers  in  1899- 


WILLIAM  GARRETT, 

Mr.  Garrett,  inventor  of  the  rod-rolling  mill  bearing  his  name, 
was  bom  in  Blain,  Monmoutlishire,  Wales,  May  25^  1S43,  At 
the  age  of  eleven  he  started  work  in  a  rolling  mill  at  Coatbridge, 
Scotland,  where  he  rose  rapidly,  and  at  sixteen  was  in  charge  of 
a  mill.  He  came  to  this  country  about  1868,  and  was  for  sev- 
eral years  in  the  employ  of  the  Cleveland  Rolling  Mill  Company 
as  Foreman  and  Assistant  Superintendent.  Later  he  became 
Superintendent  of  the  rwl  mill  constructed  by  the  American 
Wire  Company  at  Cleveland,  and  later  became  head  of  the 
Garrett-Cromwell  Engineering  Company-  He  designed  and 
superintended  the  erection  of  mills  in  various  localltieSp  At  one 
of  the  late  meetings  of  the  Iron  and  Steel  Institute  be  read  an 
important  paper  on  "  Rolling- Mill  Practice," 

His  death  occurred  at  Mount  Clemens,  Michigan j  July  16, 
1903*    He  became  a  member  of  the  Society  in  1888* 
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EDWARD  GRAFSTROM. 

Mr.  Graf strom  was  a  native  of  Sweden,  having  been  bom  at 
Motala  on  the  19th  of  September,  1862.  He  received  his  degree 
of  Mechanical  Engineer  from  the  Boras  Technical  College  in 
1882,  and  came  to  America  in  September  of  that  year,  when  he 
immediately  became  connected  with  the  Pennsylvania  Railroad 
in  their  Altoona  shops.  He  was  later  sent  to  Colnmbus,  Ohio, 
where  he  became  Chief  Draughtsman  for  the  company.  After 
seventeen  years'  service  in  the  Pennsylvania  Eailroad  he  accepted 
the  position  of  Mechanical  Engineer  of  the  Illinois  Central  Eail- 
road, which  place  he  soon  left  to  take  the  same  position  with 
the  Atchison,  Topeka  &  Santa  F6  system.  He  was  just  enter- 
ing into  the  work  of  reorganization  of  mechanical  stokers  of 
that  system,  when  his  life  was  suddenly  terminated  during  his 
heroic  efforts  in  rescuing  victims  of  the  recent  flood  at  Topeka, 
Kansas.  At  his  suggestion  and  under  his  supervision,  a  small 
side- wheel  steamer  was  hurriedly  built  in  the  Santa  F6  shops. 
In  charge  of  this  boat  and  with  a  crew  of  seven  men,  he  carried 
supplies  to  many  sufferers,  and  brought  back  numbers  of  sur- 
vivors. On  the  last  return  trip,  on  the  night  of  Tuesday,  June 
2d,  the  boat  struck  an  especially  strong  whirl  of  water,  and  for 
a  moment  could  not  be  controlled,  and  at  the  same  instant  it 
struck  a  submerged  tree  and  was  upset.  Six  of  the  seven  mem- 
bers of  the  crew  escaped  by  clinging  to  tree-tops,  but  Mr.  Graf- 
strom,  though  a  powerful  swimmer,  was  unable  to  make  his 
escape  and  was  lost. 

He  was  elected  a  member  of  the  Society  in  1899. 

WILLIAM  HARKNESa 

Mr.  Harkness  was  born  at  Ecclefechan,  Scotland,  December 
17,  1837.  He  came  to  New  York  with  his  parents  in  1839.  He 
was  educated  at  the  Chelsea  Collegiate  Institute  in  New  York, 
private  schools  at  Fishkill  Landing  and  Newburg,  Lafayette 
College,  Pennsylvania,  and  Eochester  University,  where  he 
graduated  in  1858,  and  from  that  University  received  the  degree 
of  A.M.  in  1861,  and  that  of  LL.D.  in  1874.  He  was  a  reporter 
in  the  New  York  legislature  in  1858,  and  in  the  Pennsylvania 
Senate  in  1860.  He  studied  medicine  and  graduated  from  the 
New  York  Homeopathic  Medical  College,  receiving  the  degree 
of  M.D.  in  1862;  during  that  year  he  was  appointed  an  Aide  in 
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the  TTnited  States  Naval  Observ^atory  at  Washington,  and  in 
1863  was  appointed  Professor  of  Mathematics  in  the  United 
States  Navy  with  the  rank  of  Lieutenant  Commanded  For 
eight  months  he  was  attached  to  the  United  States  Monitor 
Mmmdnoek  to  observe  the  behavior  of  her  compasses  under  the 
influence  of  heavy  iron  armor.  His  report  on  this  work,  together 
with  observations  and  discussions  of  resultSj  was  published  by 
the  Smithsonian  Institution  in  1S7L  For  one  year^  ending 
October,  ISOT,  he  was  attached  to  the  Ilydrographic  Office  at 
Washington^  and  for  the  seven  months  following,  the  Naval 
Observatory.  He  made  observations  of  several  eclipseSi  and 
discovered  the  coronal  line  K  15474,  well  Lnown  to  astronomers; 
he  observed  the  transit  of  Mercury  in  1S78,     In  1871  he  was 

I  appointed  one  of  the  original  members  of  the  Transit  of  Venus 
Committee.  Soon  after  the  second  transit  of  Venus  in  1872  he 
was  given  charge  of  the  reductions  of  all  the  observations  made 
by  the  Ajnerican  parties^  and  in  1889  made  a  report  to  the  Sec- 
retary of  the  Navy,  giving  a  brief  statement  of  the  result  derived 
from  the  photographs  made.     In  1392  he  was  appointed  Chief 

^ Astronomical  Assistant  to  the  Superintendent  of  the  Naval 
Observatory,  and  in  1894  was  appointed  Astronomical  Director 
of  the  Observatory  with  general  supervision  of  all  astronomical 
work-  In  1897  he  was  appointed  Director  of  the  American 
Ephemeris  and  Nautical  Almanac,  and  he  retained  both  of  these 
offices  until  his  retirement  for  age,  in  1890.  During  his  life  he 
published  many  scientific  papers,  and  was  a  member  of  several 
scientific  societies.  He  was  twice  Vice-President  and  once  Presi- 
dent of  the  American  Association  for  the  Advancement  of 
Scienca 

At  the  time  of  his  retirement  he  found  that  his  health  was 
quite  seriously  impaired^  and  as  he  was  unable  to  take  up  any 
scientific  work,  he  retired  to  his  home  in  Jersey  City,  His 
death  occurred  on  the  afternoon  of  February  28,  1903.  He 
became  a  member  of  tlie  Society  in  ISOl,  and  was  a  Life 
Member. 


BAVTD  P.  JONES. 


Mr.  Jones  was  bom  in  Philadelphia^  March  15,  1840,  Little 
can  be  learned  in  regard  to  his  early  life  and  education,  but  in 
1858  and  1859  he  was  api>ointed  one  of  the  two  principal  exam- 
iners of  the  Utah  Public  Survey,     Ue  entered  the  United  Statm 
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Navy  in  1862  as  an  Assistant  Engineer,  and  after  passing 
through  the  various  grades  finally  became  Chief  Engineer  in 
January,  1889. 

In  June,  1892,  he  retired  for  physical  disability. 

He  was  a  very  able  draughtsman  and  designer,  and  was  several 
times  assigned  to  duty  in  the  Bureau  of  Steam  Engineering. 
Perhaps  his  most  important  effort  was  in  the  organization  and 
development  of  the  four-year  course  for  Cadet  Engineers  at  the 
Naval  Academy.  The  first  class  under  this  course  entered  in 
1874,  and  Mr.  Jones  was  ordered  to  the  Academy  as  Instructor, 
where  he  was  on  duty  for  five  years.  After  his  retirement  he 
practised  consulting  engineering  in  Chicago  and  Pittsburgh, 
and  at  the  latter  place  was  assigned  to  duty  as  Chief  Steel  In- 
spector during  the  war  with  Spain.  His  death  occurred  on 
January  30, 1903.     He  became  a  member  of  the  Society  in  1881. 

JOHN  S.  KLEIN. 

Mr.  Klein  was  bom  in  Nassau,  Germany,  in  April,  1849,  and 
at  a  very  early  age  came  to  this  country  with  his  parents  and 
located  in  Buffalo,  where  at  the  age  of  sixteen  he  was  appren- 
ticed as  machinist  in  the  shops  of  the  New  York  Central  Rail- 
road. After  completing  his  term  as  apprentice  he  worked  for 
a  short  time  in  Buffalo,  but  soon  went  to  assume  a  position 
which  his  brother  had  secured  for  him  in  the  oil  field,  at  Plumer; 
this  was  in  1868.  A  little  later  he  went  in  the  shops  of  Smith  & 
Crumbie,  at  Eouseville,  and  a  little  later  went  to  Bredinsburg, 
in  a  repair  shop  for  oil-well  machinery,  and  for  a  year  or  two 
had  complete  charge  of  the  latter  establishment.  After  one  or 
two  other  changes  he  was  placed  in  charge  of  a  machine  shop  of 
the  Yandergrif t  &  Forman  Co.  at  Petrolia.  This  concern  moved 
to  Oil  City,  where  it  developed  into  a  very  large  establishment. 
He  is  credited  with  a  number  of  patents,  which  include  a  pipe- 
line scraper,  which  was  a  device  for  removing  the  deposits  of 
paraflfine  from  the  inside  of  pipe-lines,  the  same  being  propelled 
by  the  current  of  oil.  Also  a  pump  for  raising  water  from  nat- 
ural gas- wells  by  means  of  the  gas  pressure  from  said  wells; 
throttling  governors  for  gas-engines;  cut-off  inlet  valve  for  gas- 
engines;  metallic  packing  for  gas-engine  piston-rods;  oil  burner, 
in  which  oil  is  sprayed  by  compressed  air;  water-cooled  rods 
and  pistons  for  gas-engines.  All  of  the  above-mentioned  devices 
are  in  extensive  use  throughout  the  oil  and  gas  fields.     The 


MEMBERS   DECEASED  DUEm&  THE   TEAS.  1549 

position  which  he  held  at  the  time  of  hiB  death  was  that  of 
Superintendent  of  Machinery  with  the  National  Transit  Com- 
pany, He  was  attacked  with  typhoid  malaria,  and  after  an  ill- 
ness of  six  weeks  died  at  his  home  in  Oil  Oity^  July  16|  190S, 
He  became  a  member  of  the  Society  in  1893* 

GEORGE  LEACH. 

Mr.  Leach,  engineer  and  architect,  was  bom  at  Naples, 
Maine,  September  16,  1843,  His  early  life  after  completing  a 
common  school  education  was  spent  in  mill  construction  and 
equipment.  Later  he  began  the  study  of  mechanical  engineer- 
ing and  machinery  design,  and  in  that  class  of  work  was  em- 
ployed by  various  concerns,  among  which  might  be  mentioned 
the  Saco  Water  Power  Machine  Shop,  Biddeford,  Maine;  the 
South  Boston  Iron  Works;  United  States  Navy  Yard  at  Ports- 
mouth, New  llampshire;  Whitehead  &  Atherton  Machine  Co., 
Lowell,  Massachusetts,  and  Brown  &  Sharpe  Manufacturing 
Co.  J  Providence.  In  1891  he  established  his  residence  at 
Providence,  Rhode  Island  j  where  he  was  engaged  in  the  design 
and  erection  of  new  buildings  for  the  Brown  &  Sharpe  Manufac- 
turing Co-  and  various  other  concerns.  He  died  at  his  home  in 
Providence  on  November  27,  1902. 

Mr.  Leach  becajne  a  member  of  the  Society  March  15,  1901, 

WILLIAM  VAIL  LIDGERWOOa 

Mr,  Lid ger wood  was  horn  in  Morristown,  New  Jersey,  on 
August  10,  18t>3.  His  education  was  obtained  at  the  best 
schools  of  his  native  town,  and  was  supplemented  by  recitations 
to  tutors  while  serving  bis  apprenticeship  in  Brooklyn,  He  also 
obtained  his  education  in  part  from  one  of  the  professors  of  the 
Glasgow  University,  in  Scotland,  Ilis  apprenticeship  in  Brook- 
lyn  was  in  his  father's  works,  the  Lidgerwood  Manufacturing 
Company,  He  was  there  for  four  years  and  then  spent  two 
years  in  his  uncle's  shops  in  Scotland,  For  the  twenty  years 
previous  to  his  death  be  acted  as  his  uncle^s  sole  representative 
in  Brazil,  and  created  while  there  a  large  works  at  San  Paulo, 
employing  about  three  hundred  men.  He  was  both  a  scientific 
and  practical  engineer.  He  died  on  June  2,  190!^,  at  the  resi- 
dence of  his  uncle,  Mr.  VanVleck  Lidgerwood,  in  London*  He 
became  a  member  of  the  Society  in  1886. 
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JOHN  P.  McGUTRE. 

Mr.  McGuire  was  born  in  Buffalo,  New  York,  November  17, 
1856.  While  still  very  young  he  removed  with  his  parents  to 
Cleveland,  Ohio,  and  for  several  years  attended  both  public  and 
parochial  schools.  In  early  manhood  he  entered  the  employ  of 
the  Variety  Iron  Works  as  a  clerk,  and  from  that  position  arose, 
step  by  step,  to  the  position  of  General  Superintendent,  which 
position  he  held  at  the  time  of  his  death.  He  had  been  in  ill- 
health  for  some  time,  and  for  the  second  time  had  gone  to  Colo- 
rado, where,  after  two  months  stay,  he  died  on  the  17th  of  April, 
1903.  He  was  a  man  of  large  social  qualities,  being  prominently 
identified  with  many  of  the  social  and  fraternal  organizations  of 
his  city.    He  was  elected  a  member  of  the  Society  in  1898. 

GEORGE  S.  MORISON. 

Mr.  Morison  was  born  on  the  19th  of  December,  1842,  at  New 
Bedford,  Massachusetts.  Prepared  for  college  at  Exeter  Acad- 
emy and  graduated  from  Harvard  in  1863.  Three  years  after 
this  he  graduated  from  Harvard  Law  School.  His  first  work 
was  a  bridge  across  the  Missouri  at  Kansas  City  in  1867,  where 
he  served  as  assistant  to  Octave  Chanute;  he  remained  in  Kansas 
City  until  1871  and  then  removed  to  Detroit,  where  he  became 
Chief  Engineer  for  the  Detroit,  Eel  Kiver  &  Illinois  Railroad. 
From  1873  to  November,  1875,  he  was  Principal  Assistant 
Engineer  for  the  Erie  Railroad,  and  during  that  time  rebuilt  the 
celebrated  viaduct  over  the  Genesee  River  at  Portage,  New 
York.  For  ten  years,  commencing  with  1875,  Mr.  Morison  was 
associated  with  the  house  of  S.  C.  and  G.  C.  Ward,  American 
agents  for  Baring  Brothers  &  Co.,  of  London,  and  in  their  inter- 
est served  as  Director  of  the  St.  Louis,  Iron  Mountain  &  South- 
ern  Railroad,  the  Eastern  Railroad  of  Massachusetts,  the  Maine 
Central  Railroad,  and  the  Ohio  &  Mississippi  Railway.  He 
was  a  member  of  the  bridge  construction  firm  of  Morison, 
Fields  &  Co.  from  1875  to  1889.  In  1887  Mr.  Morison  removed 
to  Chicago,  where  for  two  years  he  was  associated  in  partner- 
ship with  Elmer  L.  Corthell.  In  1894  he  was  appointed  by 
President  Cleveland  on  the  Board  of  Engineers  to  report  on 
the  greatest  practicable  length  of  span  for  a  proposed  Hudson 
River  Bridge.  In  1895  he  served  on  the  Board  of  Consulting 
Engineers  appointed  to  report  on  New  York  Dock  Department 
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matters.  In  1896  he  was  appointed  by  President  Cleveland  as 
one  of  the  members  of  a  board  for  locating  a  deep-water  harbor 
in  Southern  California.  His  appointment  to  the  Isthmian  Canal 
Commission  followed  in  1898.  Probably  his  greatest  work  as  a 
bridge  engineer  was  the  bridge  over  the  Mississippi,  at  Mem- 
phis, Tennessee,  which  has  a  single  truss  span  of  790  leet,  being 
surpassed  only  by  two  other  bridges  of  the  sort  in  the  world, 
the  Forth  Bridge  in  Scotland  and  the  I^nsdowno  Bridge  at  Suk- 
kur,  India.  He  was  President  of  the  American  Society  of  Civil 
Engineers  in  1895.  His  death  occurred  in  Xew  York  City  after 
an  illness  of  about  six  weeks,  on  the  1st  of  July,  1903.  Mr. 
Morison  was  elected  a  member  of  the  Society  in  1890. 

JAMES  OSCAR  NIXOX. 

Mr.  Nixon  was  born  on  the  2r>th  of  March,  1879,  at  New 
Orleans,  Louisiana,  (xra^luatcd  from  Tulane  University  in  that 
city  in  1897.  Took  a  post-graduate  course  in  sugar  chemistry, 
occupying  at  the  same  time  the  iK)sition  of  chemist  on  a  large 
plantation.  After  leaving  the  University  he  si>ent  a  year  at 
Wilmington,  Delaware,  as  ^lanager  for  one  of  the  branches  of  a 
large  foundry.  Three  years  previous  to  his  death  Mr.  Nixon 
became  connected  with  the  Link  Belt  Engineering  Company  at 
Philadelphia,  and  was  almost  immediately  assigned  to  the  test- 
ing and  mechanical  development  of  the  work  of  that  company. 
He  had  a  great  deal  to  do  with  the  development  and  introduc- 
tion of  the  Renold  silent  chain  gear,  and  in  December,  1901, 
presented  a  paper  before  the  Society  entitled  the  ''  Silent  Chain 
Gear."  Early  in  December  of  1902  he  was  stricken  with 
typhoid  fever,  which  culminated  in  his  death  on  the  night  of 
Deceml>er  27th. 

Mr.  Nixon  became  a  Junior  Member  of  the  Society  March  15. 
1901. 

IIIVIXG  M.  SCOTT. 

Mr.  Scott  was  born  at  Hebron  Mills,  Baltimore  County,  Mary- 
land, in  18:^7.  He  was  early  interestiMl  in  mju'hinerv,  and  went 
to  Baltimore  to  learn  the  machinist  trad(%  where  he  soon  became 
not  only  a  machinist  but  an  expert  <lraftsnian  and  engineer  as 
well.  When  twenty-two  years  old  he  went  to  San  Francisco  in 
charge  of  a  steam  fire-engine,  and  obtained  a  ]K>sition  there  in 
the  Union  Iron  Works.  He  rose  rapidly,  and  after  obtaining  an 
99 
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interest  in  the  business  he  secured  the  contract  for  building  the 
protected  cruiser  Charleston.  Although  unusual  guarantees 
were  required  by  the  Navy  Department  in  connection  with  this 
contract,  it  was  successfully  executed,  and  other  vessels  followed, 
among  them  being  the  cruiser  San  Francisco^  the  monitor  Mon- 
terey^ the  Olympia^  the  Ohio^  and  in  1893  the  Oregon^  whose 
unprecedented  trip  from  San  Francisco  to  Cuba,  and  subsequent 
engagement  in  battle  during  the  destruction  of  Cevera's  fleet, 
stands  forth  as  a  monument  to  the  designers.  Mr.  Scott  de- 
signed and  built  the  machinery  for  the  Comstock  Mines  and  had 
patents  for  various  inventions.  He  was  Vice-President  of  the 
Union  Iron  Works  at  the  time  of  his  death,  which  occurred  sud- 
denly in  San  Francisco  on  the  28th  of  April,  the  cause  being 
heart  disease.  Mr.  Scott  became  a  member  of  the  Society  in 
November,  1882,  and  was  Vice-President  in  1891-93. 

GEORGE  SHAW. 

Mr.  Shaw  was  born  on  the  2d  of  September,  1861,  at  Sardis, 
Alleghany  County,  Pennsylvania.  After  finishing  the  common 
school  courses  he  took  a  commercial  course  at  Iron  City  College, 
Pittsburgh.  lie  commenced  the  study  of  stationary  engineer- 
ing at  the  age  of  eighteen  with  the  Alleghany  Stair  Building 
Company.  Later  he  was  employed  as  Engineer  with  the  Jones 
&  Lauglilin  Steel  Co.,  and  afterwards  went  to  the  Marshall 
Kennedy  Milling  Company  of  Alleghany,  where  he  occupied 
the  position  of  Chief  Engineer  for  several  years.  For  nearly 
three  years  he  served  in  the  capacity  of  travelling  engineer  for 
the  Stirling  Water  Tube  Boiler  Company,  following  which  he 
became  Chief  Engineer  of  the  Humbert  Tin  Plate  Company  of 
Connellsville,  Pennsylvania.  At  the  time  of  his  death  he  was 
employed  as  expert  on  boiler  practice  by  the  Oil  Well  Supply 
Company.  Mr.  Shaw  died  suddenly,  and  he  was  buried  in 
McKeesport  cemetery.  He  was  elected  a  member  of  the  Society 
in  1897. 

JAMES  SPIERS.. 

Mr.  Spiers,  one  of  the  founders  of  the  shipbuilding  industry 
on  the  Pacific  coast,  was  a  native  of  Scotland,  having  been  born 
at  Paisley,  May  1,  1836.  During  a  part  of  his  youth  he  worked 
in  a  bookstore,  but  at  an  early  age  ran  away  to  sea.  The  next 
thing  heard  of  him  he  was  working  as  an  apprentice  in  a  boiler 
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shop  in  Scotland.  In  1852  he  went  to  California,  where,  after 
having  gained  some  experience  at  mining,  he  entered  the  Golden 
State  and  Miners'  Iron  Works,  of  which  concern  in  a  short  time 
Mr.  Spiers  became  sole  proprietor,  and  shortly  afterwards  con- 
solidated with  the  Fulton  Iron  Works.  The  plant  was  destroyed 
twice  by  fire,  and  it  was  only  after  the  third  successive  rebuild- 
ing that  the  business  was  incorporated  under  the  title  of  the 
Fulton  Shipbuilding  and  Engineering  Works,  which  has  now 
become  one  of  the  largest  on  the  Pacific  coast.  He  was  Presi- 
dent and  active  director  of  the  concern  until  three  years  before 
his  death,  when  ill-health  forced  his  retirement  from  active 
work. 

lie  had  much  to  do  with  the  work  of  creating  the  Lick  School 
of  Mechanical  Arts.  Ilis  library  on  technical  and  mechanical 
subjects  was  perhaps  the  most  comprehensive  in  his  state.  His 
death  occurred  in  San  Francisco  on  August  13,  1902. 

He  was  elected  a  member  of  the  Society  in  1884. 

GEORGE  W.  WEEKS. 

Mr.  Weeks  was  born  in  Waltham,  Massachusetts,  February  23, 
1838,  and  in  1S49  moved  with  his  parents  to  Clinton,  where  his 
father  became  Superintendent  of  the  Boylston  Mill,  of  the  Lan- 
caster Mills.  At  thirteen  years  of  age  the  younger  Weeks  en- 
tered the  mill,  and  rose  successively  to  positions  as  Clerk,  Pay- 
master, Superintendent  and  Agent,  in  which  last  position  he 
remained  for  nineteen  years,  or  until  his  retirement  from  active 
business  life  in  1896.  It  was  during  Mr.  Weeks'  administration 
that  the  corporation  became  the  largest  manufacturer  of  gingham 
in  the  world.  Although  Mr.  Weeks  was  self-educated,  he  was  not 
only  an  authority  on  textile  matters — particularly  the  use  of  the 
microscope — but  he  had  a  speaking  and  reading  knowledge  of 
French,  German  and  Spanish,  and  was  a  fine  musician.  He 
always  took  a  lively  interest  in  the  affairs  of  the  town  in  which 
he  lived,  being  for  years  a  Director  of  the  Public  Library,  a 
Trustee  of  the  Xational  and  Savings  Bank,  and  Clerk  of  the 
parish  for  the  Unitarian  Church.  He  was  also  interested  in  pro- 
fessional societies,  being  a  member  and  for  some  time  an  officer 
of  the  New  England  Cotton  Manufacturers'  Association  and  a 
member  of  the  Boston  Textile  Club,  Boston  Athletic  Associa- 
tion, the  Algonquin  Club  and  the  Home  Market  Club. 

After  his  resignation  from  the  position  as  Agent,  he  travelled 
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extensively  both  abroad  and  in  the  United  States.  Early  in 
1902  he  was  injured  in  a  railroad  accident  while  returning  from 
the  Pacific  coast,  and  never  fully  recovered;  his  death  occurred 
suddenly  of  heart  disease  on  October  7,  1902.  He  joined  the 
Society  in  August  10,  1881. 

JEROME  WHEELOCK. 

Mr.  Wheelock  was  born  in  1835  at  Grafton,  Massachusetts, 
and  received  his  training  as  an  apprentice  at  the  Taunton  Loco- 
motive Works,  from  which  firm  he  went  to  the  Washburn  Iron 
Works  at  Worcester.  While  with  the  latter  concern  he  invented 
the  Wheelock  Cylinder  Steam  Packing,  which  he  began  manu- 
facturing in  1865,  and  which  is  still  in  use.  In  1870  he  opened 
his  own  shop,  and  during  the  twenty  years  following  invented 
and  perfected  the  valve  mechanism  which  is  the  essential  feature 
of  the  Wheelock  steam-engine. 

He  was  elected  a  member  of  the  American  Institute  of  Mining 
Engineers  in  1882.  His  death  occurred  very  suddenly  in  Wor- 
cester, Massachusetts,  on  February  26,  1902.  His  membership 
in  this  Society  .dates  from  the  thne  of  its  organization. 
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